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THERMAL  DEATH  POINTS  OF  ANASTREPHA  LUDENS  (LOEW) 

In  recent  years  there  has  been  a  trend  to  apply  to  insect  physi- 
ology the  laws  of  physics  and  chemistry.  Before  this  work  can  be 
accomplished,  however,  the  fundamental  physiological  similarity  of 
the  insects  to  the  other  members  of  the  animal  kingdom  must  be 
stressed.  The  studies  to  be  reported  here  were  undertaken  for  the 
following  reasons:  (1)  To  see  whether  insect  protoplasm  is  subject 
to  heat  coagulation  at  temperatures  similar  to  those  which  affect 
other  animals;  and  (2)  to  determine  what  climatic  conditions  can 
be  expected  to  limit  or  prevent  the  establishment  of  Anastrepha 
ludens  in  regions  as  yet  uninfested. 

In  the  case  of  this  organism,  a  Trypetid  fly,  whose  developmental 
stages  are  passed  in  such  diverse  environments,  it  will  be  interesting 
to  see  whether  the  temperature  limits  are  identical  for  all  stages. 
For  this  reason  and  for  practical  considerations  of  handling  the 
material,  the  experiments  reported  here  were  divided  into  three  main 
groups,  according  to  whether  they  dealt  with  larval,  pupal,  or  adult 
forms.  Of  course,  it  is  understood  that  the  so-called  "  pupal "  stage, 
characterized  by  the  presence  of  the  puparium,  includes  what  is  really 
a  larval  instar;  but  since  the  experimental  technique  was  identical 
with  that  applied  to  true  pupae,  all  phases  of  the  puparial  stage 
have  been  reported  in  the  section  dealin<y  with  pupae.  The  egg 
stage  has  not  been  studied  at  all  as  yet,  owmg  to  much  greater  tech- 
nical difficulties  in  collecting  and  handling  the  material. 

LARVAE 

The  initial  experiments  on  larvae  were  suggested  by  the  fact  that  in 
Cuernavaca,  Morelos,  where  there  is  a  very  heavy  infestation  of 

1  Resigned  June  30,  1931.  Now  with  Bartol  Research  Foundation  at  Swarthmore,  Pa. 
This  manuscript  is  based  on  work  done  while  the  author  was  connected  with  the  old 
Division  of  Tropical,  Subtropical,  and  Ornamental  riant  Insects  of  the  Bureau  of 
Entomology  and  m  charge  of  the  laltoratory  at  Mexico  City. 

3  Resigned  June  30;  1031  now  with  Department  of  Medicine,  Physicians,  and  Surgeons, 
Columbia  University,  New  York. 

11535—33—1  1 


TECHNICAL   BULLETIN    4  0  0,    U.S.    DEPT.    OF    AGRICULTURE 


A.  hidens  in  mangoes,  fallen  fruits  are  frequently  encountered  with 
all  the  larvae  dead.  It  was  thought  that  heat  from  direct  sunlight 
might  be  the  cause  of  death.  In  fact,  Crawford  {Jf)  attributes  a 
light  infestation  in  the  fall  of  1913  in  the  Tampico  region  to  the 
high  temperatures  of  the  previous  summer.  If  such  was  the  case, 
then  A.  Ivdens  larvae  might  not  be  able  to  stand  the  summer  tem- 
peratures in  the  Rio  Grande  Valley. 

Accordingly  the  first  experiments  were  set  up  with  the  idea  of 
reproducing  field  conditions.  Eight  hours  is  probably  the  maximum 
possible  duration  of  direct  sunlight  for  fruit  in  the  field,  while  4 
hours  would  be  a  more  usual  situation.  Batches  of  10-14  infested 
mangoes  were  therefore  exposed  to  various  temperatures  in  an  incu- 
bator for  4-  and  8-hour  periods.  The  larvae  were  removed  from  the 
fruits  at  the  end  of  the  exposure,  placed  on  sound  fruit  pulp,  and 
the  numbers  of  live  and  dead  individuals  recorded  after  allowing  time 
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FiGUEB    1. 


-The  mortality   of  A,   ludens   larvae   in   original   fruit    (mangoes)    at   various 
temperatures. 


for  recovery.  The  results  are  plotted  in  figure  1,  which  shows  that 
the  larvae  can  withstand  surprisingly  high  temperatures  even  for 
8  hours.  A  single  exposure  to  41°  C.  (105.8°  F.)  for  4  hours  would 
account  for  only  13  percent,  and  for  8  hours  37  percent.  Grove  con- 
ditions of  shade,  evaporation  of  moisture,  and  wind  would  render 
such  a  temperature  for  so  long  a  period  highly  improbable.  It  might 
be  stated  here,  however,  that  field  observations  made  later  on  mangoes 
showed  a  definite  relation  between  the  variety  of  the  mango  and  the 
frequency  of  dead  larvae. 

The  above  experiments  were  somewhat  unsatisfactory  for  three 
reasons.  First,  individual  fruits  vary  widely,  and  frequently  contain 
all  dead  larvae  before  any  experimental  treatment  whatsoever.    As 
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the  man<^oes  were  used  whole,  tlicre  was  no  possibility  of  distinguish- 
m<r  those  that  contained  live  or  dead  larvae  at  the  start.  Second, 
thvve.  was  a  large  variation  in  the  texture  and  physiological  state  of 
the  \aii()iis  mangoes,  and  in  their  degree  of  infestation.  One  heavily 
infested  fruit  that  showed  100  percent  mortality  at  the  end  of  the 
experiment  could  overbalance  many  fruits  with  a  lighter  infestation 
and  incomplete  kill.  In  other  words,  tlie  conditions  lor  all  the  larvae 
were  not  alike,  but  this  would  be  the  situation  in  the  field.  Third,  a 
mango  reaches  thermal  equilibrium  in  the  incubator  very  slowly,  be- 
cause conduction  in  the  fruit  is  poor  and  evaporation  from  the  surface 
keeps  it  cool.  The  larvae  inside  can  therefore  remain  degrees  cooler 
than  the  incubator  temperature  for  some  time  after  the  start  of  the 
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Figure  2. — Mortality  of  A.  ludens  larvae  in  sound  ripe  mango  pulpj  after  exposure  to 
various  temperatures  for  4  hours. 

experiment.  An  attempt  was  therefore  made  to  standardize  the 
environment  of  the  larvae  during  exposure  by  removing  them  from 
the  original  fruit  and  placing  them  in  covered  dishes  with  pieces  of 
sound  ripe  mango  pulp.  This  technique  permitted  the  use  of  a 
standard  number  of  larvae  (200)  for  each  temperature,  reduced 
evaporation  to  a  minimum,  and  insured  the  rapid  attainment  of 
thermal  equilibrium.  The  results  are  given  in  figure  2,  for  a  series 
of  4-hour  exposures. 

The  curve  shows  that  there  is  a  distribution  of  resistance  to  tem- 
perature in  these  larvae,  so  that  at  the  lower  temperatures  only  a  few 
weak  individuals  are  affected  while  more  and  more  succumb  as 
increasingly  higher  temperatures  are  used.    See  Brooks  {3). 
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The  behavior  of  the  larvae  under  these  conditions  was  interesting. 
When  first  removed  from  the  incubators,  particularly  at  the  higher 
temperatures,  all  the  larvae  appeared  dead ;  they  were  fully  extended 
and  would  not  respond  to  mechanical  stimulation.  After  some  hours 
at  room  temperature  many  of  them  revived  and  appeared  perfectly 
normal.  In  order  to  test  the  viability  of  the  survivors  and  see  if 
they  would  show  injury  from  the  higher  temperatures,  they  were 
kept  on  fruit  in  dishes  with  soil  available.  The  number  that  pupated 
were  recorded,  and  the  results  are  given  in  table  I. 

Table  I. — The  effect  of  exposure  to  high  temperatures  on  the  pupation  of  survivors 


Temperature 

Length  of  exposure 

Environment 

Number 
of  larvae 
survived 

Number 
pupated 

Percent 
pupated 

°C. 

38.6 

40.4 

41.0 

40.8 

41.35 

41.8 

41.9 

°  F. 

101.5 

104.7 

105.8 

105.4 

106.4 

107.2 

107.4 

8  hours        

Original  fruit. 

'".VAo.."'.'.'".'". 

Sound  pulp 

do 

do 

do 

139 
78 
114 
161 
157 
114 
104 

21 
34 
40 

85 
77 
47 
13 

15.1 
43.6 
35.1 
52.8 
49.0 
41.2 
12.5 

do 

do 

4  hours 

do 

do 

do 

Table  I  shows  a  high  mortality  in  the  larvae  previous  to  pupation. 
This  is  undoubtedly  due  in  part  to  the  exposure  to  heat,  but  it  must 
be  kept  in  mind  that  the  larvae  were  of  mixed  ages  (mostly  third 
instar) ,  so  that  the  younger  ones  had  to  remain  on  fruit  for  some  time 
before  full  growth  was  attained.  They  were,  therefore,  subjected  to 
many  other  influences  during  this  period,  such  as  changes  of  fruit, 
which  may  have  had  injurious  effects.  Nevertheless,  a  distinct  de- 
crease in  the  percent  pupated  is  shown  with  increasing  temperature 
in  the  last  four  items  of  the  table.  About  75  percent  of  these  pupae 
emerged,  as  contrasted  with  the  normal  figure  of  85  to  90  percent. 

All  of  the  foregoing  figures  are  given  in  terms  of  the  percent  killed 
at  a  definite  number  of  hours  but  at  various  temperatures.  It 
seemed  advisable  also  to  know  the  percentage  killed  at  a  definite 
temperature  by  various  lengths  of  exposure.  A  complete  series  was 
therefore  run  at  40.5°  C.  (104.9°  F.).  This  temperature  was  chosen 
because  it  is  at  this  point  that  many  biological  systems  show  the  first 
signs  of  heat  effects.  Enzymes  and  other  organic  catalysts  cannot  be 
carried  above  this  temperature  without  being  inactivated.  The  re- 
sults are  given  in  figure  3.  The  experimental  points  fall  along  a 
curve  whose  general  form  is  logarithmic.  If,  however,  the  logarithm 
of  the  fraction  killed  be  plotted  against  the  time,  the  figure  obtained 
is  not  a  straight  line.  A  further  discussion  of  this  curve  will  be 
undertaken  in  comparison  with  the  other  stages. 

On  the  lower  end  of  the  temperature  scale  the  experiments  were 
not  so  successful.  Larvae  were  kept  in  a  constant-temperature  room 
at  3°-5°  C.  (37.4°-41.0°  F.)  for  7  days  without  any  injurious  effects. 
It  was  impossible  to  cool  the  room  below  this  temperature  for  a  length 
of  time  sufficient  to  kill. 
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Another  series  of  experiments  was  started,  in  which  larvae  in 
U  tubes  were  submerged  in  a  brine  tank  at  —3°  C.  (26.6°  F.).  Here 
the  difficulty  of  supplying  air  was  encountered.  The  larvae  were 
frozen  for  24  and  48  hours,  but  they  survived  in  such  large  numbers 
that  it  was  realized  that  a  better  system  must  be  worked  out  before 
any  consistent  results  could  be  expected. 

PUPAE 

Experimentation  with  pupae  cannot  be  done  satisfactorily  without 
taking  into  account  the  morphological  changes  that  take  place  within 
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-The  mortality  of  A.  ludens  larvae  in  sound  ripe  mango  pulp  after  exposure  to 
40.5°  C.   (104.9°  F.)   for  various  periods  of  time. 


the  puparium.  The  reorganization  of  tissues  during  this  period  is  so 
far-reaching  that  it  would  be  absurd  to  suppose  a  uniform  reaction  to 
outside  stimuli  throughout  puparial  life.  Fortunately,  it  has  been 
found  possible  to  determine  by  direct  observation  whether  this  organ- 
ism is  in  the  last  (fourth)  larval  instar,  or  has  "pupated"  in  the 
strict  sense  of  the  term.  In  determining  the  length  of  exposure  to 
high  temperatures  that  pupae  can  survive  they  were  divided  roughly 
into  two  groups — (1)  young  pupae,  still  in  the  larval  condition;  (2) 
selected  pupae,  with  developing  adult  structures  plainly  visible,  from 
which  all  undeveloped  and  parasitized  individuals  had  been  removed. 
Further  subdivision,  which  requires  large  numbers  of  individuals  and 
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very  accurate  timing  at  definite  temperatures,  was  not  attempted  in 
this  series  of  experiments. 

Exposures  were  conducted  in  the  following  way:  Larvae  from 
field-collected  mangoes  were  allowed  to  form  puparia  in  moist  soil. 
They  were  then  removed  from  the  soil,  washed,  and  kept  on  moist 
cotton  until  needed.  Those  in  the  young  group  were  used  within  4 
days  at  25°±0.1°  C.  (T7.0°±:0.2°  F.)  after  pupation,  as  repeated 
observations  had  shown  4  to  5  days  to  be  the  duration  of  the  fourth 
instar  at  this  temperature.  Those  in  the  "  selected  "  group  were  also 
kept  at  25°  ±0.1°  C.  for  more  than  5  days.  Direct  observation  was 
then  made  on  them  under  a  binocular  to  see  that  they  had  actually 
transformed  into  pupae.  At  the  same  time  it  was  possible  to  elim- 
inate any  parasitized  individuals. 

Enough  pupae  for  at  least  six  points  per  temperature  plus  a  con- 
trol were  then  counted  out  in  lots  of  100  or  150,  allowed  to  dry  super- 
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Figure  4. — The  mortality  of  young  pupae  of  A.  ludens  after  exposure  to  various  tempera- 
tures for  various  periods  of  time. 

ficially,  and  placed  in  small  glass-covered  Petri  dishes.  Since  this 
type  of  container  permits  some  air  exchange,  it  was  impossible  to 
supply  moisture  in  direct  contact  with  the  pupae.  Evaporation 
would  have  kept  their  temperature  below  that  prevailing  in  the 
incubator.  Some  source  of  moisture,  however,  was  essential,  espe- 
cially in  the  case  of  long  exposures;  and  for  this  purpose  a  small 
wad  of  water-saturated  absorbent  cotton  was  placed  on  the  lower 
surface  of  each  lid,  where  it  adhered  perfectly  without  wetting 
either  the  junction  between  the  top  and  Ibottom  of  the  dish  or  the 
pupae  themselves.  A  whole  set  (six  or  more  dishes)  was  usually 
placed  in  the  incubator  at  once,  and  removed,  one  at  a  time,  after 
various  intervals.  Five  minutes  were  allowed  for  the  dishes  to 
come  into  thermal  equilibrium  with  the  incubator  before  the  experi- 
ment was  considered  to  have  started.  The  total  swing  of  the  in- 
cubator, as  read  from  a  standard  thermometer  next  to  the  experi- 
mental dishes,  was  never  more  than  ±0.1°  C.  (0.2°  F.)  ;  and  except 
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for  variations  in  the  strength  of  the  electric  current,  which  shifted 
the  point  of  equilibrium  slightly,  was  ordinarily  itO.OS'^  C.  (0.05° 
F.).  At  the  end  of  each  exposure,  the  pupae  were  transferred  to  a 
cool  dish  on  wet  cotton.  In  these  dishes  they  were  incubated  with 
the  controls  at  25°  C.  (77°  F.)  until  emergence  took  place. 

It  might  be  significant  to  state  that  in  all  cases  pupae  were  reared 
in  Petri  dishes  on  absorbent  cotton  moistened  with  a  very  dilute  solu- 
tion of  CuClg  (approximately  Kooo).  This  technic  effectively  inhibits 
the  growth  of  injurious  molds  and  is  quite  harmless  to  the  pupae,  but 
the  emerged  flies  must  be  removed  at  once,  as  the  copper  is  fatal  to 
adults  when  imbibed. 

In  all  cases  except  one  100  pupae  were  used  per  exposure  at  each 
temperature.  The  exception  was  the  set  of  young  pupae  exposed  to 
40.5°  C.  (104.9°  F.),  where  the  percentage  of  parasitism  was  known  to 
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PiQDRB  5. — The  mortality  of  selected  pupae  of  A.  ludens  after  exposure  to  various  tempera- 
tures for  various  periods  of  time. 

be  about  30  percent.  One  hundred  and  fifty  (150)  pupae  were  there- 
fore used  per  point  in  order  to  have  100  flies  on  which  to  base  the 
percentage  of  emergence.  The  controls  were  handled  the  same  way 
as  the  experiments,  except  that  the  exposure  to  heat  was  omitted. 
The  results  are  plotted  in  figures  4  and  5. 

These  graphs  show  a  distinct  difference  in  sensitivity  to  heat  be- 
tween the  last  larval  instar  and  the  pupal  stage  proper,  the  latter 
being  much  le.ss  sensitive.  For  instance,  at  39.5°  C.  (103.1°  F.)  an 
exposure  of  young  pupae  for  10  hours  resulted  in  a  total  kill,  while 
selected  pupae  subjected  to  the  same  temperature  for  the  same  length 
of  time  seemed  to  be  completely  unaffected.  Or  again,  at  40.5°  C. 
(104.9°  F.)  the  young  pupae  were  all  killed  by  a  7-hour  exposure 
while  the  selected  pupae  were  unaffected.  The  reorganization  that  is 
taking  place  in  the  young  pupae  seems  to  render  it  highly  susceptible 
to  injury  by  heat. 

The  results  at  somewhat  lower  temperatures  were  irregular.  This 
is  to  be  expected,  as  here  the  role  of  temperature  is  not  so  decisive. 
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Slight  variations  in  rate  of  heating,  humidity,  age,  etc..  assume 
greater  importance  than  at  more  distinctly  lethal  temperatures  and 
therefore  increase  the  variability  of  the  results. 

Some  idea  of  the  extent  to  which  the  curves  will  flatten  out  (ap- 
proach the  base  line)  at  still  lower  temperatures  can  be  gained  from 
the  limits  of  tolerance  for  pupal  development.  While  an  exposure 
of  13  hours  is  necessary  to  effect  a  99-percent  kill  at  39.5°  C.  (103.1° 
F.),  an  exposure  of  13  days  is  necessary  to  produce  the  same  results 
at  31.4°  C.  (88.5°  F.),  a  difference  of  only  8°  C.  (14.4°  F.).  A  13- 
day  exposure  at  31.4°  C.  resulted  in  a  99-percent  kill  of  the  pupae, 
while  the  same  length  of  time  at  only  0.4°  C.  less  (31°  C.  (87.8°  F.)) 
killed  only  60  percent. 

Exposures  to  cold  were  conducted  at  temperatures  intermediate 
between  freezing  and  the  lower  limit  for  complete  development. 
Air  temperatures  at  and  below  0°  C.  (32°  F.)  were  impossible  to 
maintain  with  the  equipment  available,  so  attention  was  confined 
to  temperatures  which  the  refrigerating  system  could  maintain  for 
long  periods. 

The  lower  thermal  limit  at  which  development  can  be  completed 
lies  slightly  below  11.9°  C.  (53.4°  F.),  as  at  this  temperature  an 
exposure  of  103  days  (length  of  entire  pupal  period)  produces  a 
mortality  of  73  percent.  Even  at  10°  C.  (50°  F.)  a  few  partly  de- 
veloped pupae  have  been  observed  after  months  of  incubation. 
Complete  inhibition  of  development  therefore  takes  place  at  some 
point  below  this. 

The  mortality  resulting  from  exposures  to  temperatures  lower 
than  10°  C.  (50°  F.)  was  determined  in  newly  formed  pupae. 
Field-collected  larvae  were  allowed  to  form  puparia  in  moist  soil 
at  25°  C.  (77°  F.).  The  pupae  were  collected  within  12  hours  of 
pupation,  and  after  the  customary  Avashing  were  counted  out  in  lots 
of  100  (or  125  in  cases  where  the  parasitism  was  high)  and  placed 
on  wet  cotton  in  Petri  dishes.  Some  of  these  dishes  were  placed  at 
once  in  an  incubator  at  9.7°  ±0.2°  C.  (49.5°  ±0.4°  F.),  others  in  a 
cold  room  at  4.2° ±1.0°  C.  (39.6° ±1.8°  F.),  where  they  were  held  for 
various  periods  of  time.  At  the  end  of  the  exposure  to  cold  they 
were  warmed  gradually  (by  passing  through  12°  and  18°  C.  (53.6° 
and  64.4°  F.)  incubators,  10  minutes  each)  to  22°  C.  (71.6°  F.) 
where  they  were  kept  until  emergence  was  complete.  The  results  of 
these  experiments  are  plotted  in  figure  6. 

It  will  be  seen  from  these  two  curves  that,  once  below  the  thresh- 
old of  development,  the  effects  of  different  low  temperatures  are 
very  similar.  For  instance,  at  4.2°  C.  (39.6°  F.)  for  5  days  62  per- 
cent of  the  pupae  were  killed,  while  at  9.7°  C.  (49.5°  F.)  for  the 
same  length  of  time  55  percent  were  killed.  Again,  at  4.2°  C.  (39.6° 
F.)  for  13  days  92  percent  were  killed,  while  at  9.7°  C.  (49.5°  F.) 
for  the  same  13  days  89  percent  were  killed.  A  small  percentage  of 
very  hardy  pupae  take  somewhat  longer  to  kill  at  the  higher  tem- 
perature than  they  do  at  4.2°  C.  (39.6°  F.). 

This  feature  of  the  similarity  of  the  effects  of  different  low  tem- 
peratures, once  they  are  too  low  to  permit  development,  has  a  very 
practical  application.     It  is  extremely  costly  to  hold  cold-storage 
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rooms  at  very  low  temperatures,  even  for  short  periods.  It  is  much 
less  costly  to  maintain  a  moderately  low  temperature  for  a  longer 
period.  In  any  case,  then,  where  cold  is  to  be  used  as  a  means  of 
killing  an  insect  pest,  it  would  be  wise  to  determine  the  exposures 
necessary  to  kill  over  the  whole  length  of  lethal  cold  temperatures, 
starting  at  the  top.  A  longer  exposure  at  a  higher  temperature  would 
perhaps  be  just  as  effective  as  a  shorter  exposure  to  a  temperature 
some  degrees  lower.  The  cost,  however,  would  be  very  much  less  in 
the  first  case. 

A  further  set  of  experiments  dealt  with  the  effect  of  the  age  of  the 
pupa  on  its  susceptibility  to  cold.  The  pupae  were  collected  as  before, 
but  over  shorter  intervals  (maximum,  3  hours).    One  huhdred  pupae 
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Figure  6. 


-The  mortality  of  young  pupae  of  A.  ludens  after  exposure  to  low  temperatures 
for  various  periods  of  time. 


were  used  per  dish.  .Some  of  these  dishes  were  placed  in  the  cold 
room  immediately  (4.2°  C.  (39.6°  F.)),  where  they  remained  for 
periods  varying  from  3  to  15  days,  exactly  timed.  The  rest  were 
placed  in  an  incubator  at  25°  C.  (77°  F.).  These  latter  were  divided 
into  several  groups,  which  were  incubated  at  25°  for  exactly  2,  4,  6,  8, 
and  10  days,  respectively,  before  transfer  to  the  cold  temperature  for 
exposures  of  from  3  to  15  days,  as  above.  At  the  end  of  its  period  of 
exposure  to  cold  each  dish  was  warmed  gradually,  as  explained 
earlier,  to  25°,  at  which  temperature  it  remained  until  emergence  took 
place. 

11636—83—2 
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The  results  of  these  experiments  are  plotted  in  figure  7.  Each 
curve  represents  an  age  group,  respectively,  0,  2,  4,  6,  8,  and  10  days, 
at  25° ;  and  shows  the  relation  between  duration  of  exposure  to  cold 
and  mortality. 

The  graph  shows  clearly  that  at  different  stages  of  development 
pupae  show  a  widely  divergent  susceptibility  to  injury  by  cold;  fur- 
thermore, that  this  susceptibility  does  not  increase  or  decrease  in  a 
regular  manner  throughout  the  course  of  the  pupal  period  but  goes 
up  and  down  in  an  entirely  unexpected  way.  For  instance,  2-day-old 
pupae  were  killed  off  in  much  less  time  than  newly  formed  pupae, 
yet  4-day  pupae  were  not  affected  at  all  by  the  exposures  comp^rised 
in  this  experiment.    In  this  connection  it  will  be  recalled  that  4  days 
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Figure  7. — The  effect  of  exposing  pupae  of  various  ages  to  a  temperature  of  4.2°  C.  (39.6° 
F.)  for  various  periods  of  time.  The  numerals  on  the  curves  represent  the  age  of  the 
pupae  expressed  in  days  of  incubation  at  25°  C.   (77°  F.). 

at  25°  C.  (77°  F.)  is  approximately  the  age  at  which  the  change  from 
the  fourth  larval  instar  to  the  pronymph  condition  takes  place.  The 
basic  reasons  for  the  rise  in  resistance  between  2  and  4  days,  and  its 
subsequent  fall  from  4  to  6  days,  followed  by  another  rise,  are  at 
present  entirely  obscure.  A  really  adequate  study  of  this  situation 
will  have  to  include  a  finer  subdivision  into  age  groups  at  critical 
points,  and  exposures  long  enough  to  effect  a  complete  kill  at  all  ages 
up  to  16  days,  when  emergence  commences. 

Another  point  that  came  up  with  the  subjection  of  pupae  of  various 
ages  to  cold  was  their  susceptibility  to  infections  of  mold.  The  per- 
centage of  pupae  infected  by  mold  was  heaviest  in  those  placed 
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directly  in  the  cold  room.  The  longer  they  were  subjected  to  the  low 
temperature  the  more  the  mold  increased.  The  number  attacked  by 
mold,  however,  decreased  steadily  when  more  days  were  spent  in  the 
25°  incubator  before  transfer  to  the  cold  room.  Very  few  pupae  are 
attacked  by  mold  when  kept  continuously  at  25°  C.  (77°  F.).  As  all 
the  pupae  were  similarly  washed  and  placed  on  cotton  moistened  with 
a  copper  chloride  solution,  the  difference  has  to  be  attributed  to  the 
cold  treatment. 

A  few  direct  observations  were  made  on  the  origin  of  this  mold. 
It  is  an  internal  growth  that  later  escapes  to  the  outside,  visible  first 
at  the  anal  end  of  the  puparium.  From  the  anal  end  it  spreads  over 
the  entire  pupa.  The  growth  of  the  mold  is  apparently  not  inhibited 
by  the  low  temperature.  The  cells  of  the  pupa  at  higher  tempera- 
tures combat  the  mold  successfully,  and  quite  possibly  this  mold  under 
such  conditions  is  symbiotic.  But  at  lower  temperatures  the  cells  are 
dormant  (as  shown  by  the  length  of  time  necessary  for  development 
at  25°  C.  (77°  F.)  aft^r  being  subjected  to  cold  for  several  days), 
and  the  mold,  taking  control  of  the  organism,  finally  kills  it. 

ADULTS 

Experiments  in  which  adult  flies  were  exposed  to  heat  were  con- 
ducted in  the  following  way.  Normal  adults  at  least  3  days  of  age 
were  transferred  without  anesthesia  into  large  Petri  dishes  (diameter 
6  inches,  depth  li^  inches).  Twenty-five  pairs  of  flies  were  placed 
in  each  dish  and  the  dishes  then  placed  in  an  incubator  at  the  desired 
temperature.  The  incubator  was  equipped  with  a  fan,  and  when  in 
equilibrium  had  a  variation  of  not  more  than  a  tenth  of  a  degree 
either  way;  but,  of  course,  some  cooling  took  place  when  the  dishes 
w^ere  put  in.  In  order  to  allow  for  this,  and  to  allow  the  dishes 
themselves  to  warm  up  to  the  incubator  temperature,  the  time  when 
the  incubator  thermometer  returned  to  its  proper  reading  was  taken 
as  the  beginning  of  the  experiment.  This  was  usually  about  5 
minutes  after  the  dishes  were  put  in.  No  water  was  supplied  to  the 
flies  during  the  experiment,  as  evaporation  would  have  furnished  a 
location  cooler  than  the  experimental  temperature.  Controls  kept 
at  22°  C.  (71.6°  F.)  in  identical  dishes  and  in  the  absence  of  water 
lived  for  at  least  2  days  before  any  of  them  died ;  whereas  the  longest 
of  the  experiments  reported  here  lasted  only  5  hours. 

At  the  end  of  the  exposure  the  flies  were  generally  found  lying 
motionless  on  their  backs,  and  w^ere  immediately  transferred  to  a 
cool  dish,  with  a  sop  of  wet  cotton  available.  Recovery  was  rapid  in 
the  case  of  short  exposures ;  but  after  the  longer  ones,  sometimes  a 
day  or  more  would  elapse  before  some  individuals  would  respond  to 
mechanical  stimulation.  For  this  reason,  definitely  live  flies  were 
separated  from  the  rest  as  soon  as  they  had  had  time  to  cool  down 
to  room  temperature  (22°-25°  C.)  (71.6°-77°  F.)  and  at  intervals 
thereafter.  Those  that  had  shown  no  response  to  mechanical  stimu- 
lation by  the  end  of  48  hours  were  recorded  as  killed.  Exposures 
were  made  of  various  lengths  at  several  different  temperatures,  from 
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39.6°  to  43.1°  C.  (103.3°-109.6°  F.).  The  results  are  placed  in 
graphical  form  in  figure  8. 

The  differences  between  the  three  higher  temperatures  are  small, 
the  slopes  of  the  curves  roughly  similar.  But  below  40°  C.  (104°  F.) 
the  curve  has  a  more  gradual  slope.  Similar  experiments  were  run 
using  temperatures  between  36°  and  39°  C.  (96.8°  and  102.2°  F.),  but 
gave  irregular  results.  The  cause  for  this  irregularity  is  the  same 
as  that  discussed  in  connection  with  pupae;  namely,  that  at  mod- 
erately injurious  temperatures  other  variables  can  assume  much  more 
significance  than  at  distinctly  lethal  temperatures. 

The  maintenance  of  sufficiently  severe  cold  for  the  length  of  time 
necessary  to  kill  was  much  more  difficult  than  the  keeping  of  a  hot 
incubator.  Only  one  series  of  exposures,  therefore,  was  run  at  the 
lower  extreme. 
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Figure  8. — The  mortality  of  adults  of  A.  ludens  after  exposure  to  various  high  tempera- 
tures for  various  periods  of  time. 

Cheesecloth  cages,  with  50  pairs  of  flies  in  each,  were  kept  in  a 
refrigerator  room  for  various  periods  of  time.  The  room  was  kept 
as  cold  as  possible,  with  a  thermograph  in  it,  from  which  the  mean 
temperature  over  the  various  intervals  was  subsequently  calculated. 
These  means,  with  the  variations  in  temperature,  are  to  be  found  in 
table  II.  The  flies  were  at  no  time  below  freezing,  yet  from  the  time 
they  were  put  in  the  cold  to  their  removal  they  were  quite  immobile. 
Some  individuals  even  lost  hold  of  the  cage  and  fell  to  the  floor, 
although  most  of  them  adhered  to  the  walls.  One  cage  of  flies  was 
transferred  from  the  cold  to  a  normal  room  (22°  C.  (71.6°  F.))  at 
the  end  of  each  interval,  and  final  counts  were  made  48  hours  after 
transfer.  The  results  of  this  series  are  plotted  in  figure  9.  The 
control  consisted  of  200  pairs  of  comparable  flies,  kept  under  normally 


THERMAL  DEATH  POINTS  OF  ANASTREPHA  LUDENS    (LOEW) 


13 


satisfactory  conditions  of  food  and  water  at  22°  C.  (71.6°  F.).     The 
record  of  their  dying  off  is  also  plotted  in  figure  9. 


100 


CONTROL  j^ -0 O 

..4i o.--.K>.--- 


4  6  8  10 

DAYS   OF  EXPOSURE 

FiGURB  9. — The  mortality  of  adults  of  A.  ludens  after  exposure  to  cold  for  various  periods 
of  time.     (See  table  II  for  temperatures.) 

Table  II. — The  effect  of  exposure  to  cold  on  adult  A.  ludens 


Temperature,  * 

C. 

Days  ex- 

Number 
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Percent 

Mean 

Maxi- 
mum 

Mini- 
mum 
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dead 

6.03 

6.76 

4.26 
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1.0 
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4.25 
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100 
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2H 
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2H 

100 

4.0 
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89.0 

3.36 
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iOO 

16 

100 

98.0 

It  will  be  seen  from  the  foregoing  graph  that  A.  ludens  can  with- 
stand lon^  continuous  periods  of  low  temperature.  In  the  field 
the  intensity  of  cold  would  vary  with  the  time  of  day  and  would 
not  be  continuous.  In  the  Rio  Grande  Valley  at  the  Weslaco  Ex- 
perimental Station,  Weslaco,  Tex.,  the  lowest  air  temperature  re- 
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corded  for  1930-31  was  1°  C.  (33.8°  F.),  but  it  lasted  for  only  2 
hours.  At  noon  of  that  same  day  the  temperature  was  up  to  16°  C. 
(60.8°  F.). 

Two  sets  of  flies  chilled  for  4  days  at  mean  temperatures  of  5.64° 
C.  and  2.98°  C.  (42.2°  and  37.4°  F.)  showed  that  once  the  tempera- 
ture is  low  its  exact  value  is  immaterial,  at  least  if  it  does  not  ac- 
tually freeze  the  flies.  Moreover,  it  must  be  remembered  that  the 
freezing  point  of  protoplasm  is  not  0°  C.  (32°  F.)  but  below,  as  the 
dissolved  substances  in  living  tissue  depress  the  freezing  point  below 
that  of  water.  It  seems,  therefore,  that  A.  ludens  can  withstand 
considerable  cold  before  death  results. 

DISCUSSION 

There  are  two  phases  of  the  effect  of  temperature  on  this  organ- 
ism that  require  consideration:  (1)  The  effects  of  high  or  low  tem- 
peratures artificially  produced;  and  (2)  the  effects  of  high  or  low 
temperatures  met  with  in  the  field.  In  the  former  the  attempt  is 
made  to  find  a  temperature  that  will  kill  the  organism  and  yet  not 
injure  the  fruit;  or,  as  in  the  case  of  the  ovens  used  years  ago  in 
the  State  of  Morelos,  Mexico,  to  produce  a  high  temperature  merely 
to  kill  the  larvae  or  pupae  regardless  of  its  effect  on  the  fruit. 
Crawford  (^)  showed  that  heating  fruit  infested  with  larvae  of 
A.  ludens  to  46°  C.  (114.8°  F.)  killed  all  the  larvae  within  the  fruit. 
The  writer,  unfortunately,  was  unaware  of  this  work,  but  his  results 
check  those  of  Crawford.  Subsequent  to  the  first  reports  of  the 
experiments  on  larvae  described  in  this  paper,  the  use  of  high  tem- 
peratures was  developed  extensively  in  the  campaign  against  the 
Mediterranean  fruit  fly  in  Florida.  The  subject  was  gone  into  so 
much  more  thoroughly  there  that  more  and  fuller  information  (on 
the  Mediterranean  fly)  will  be  obtained  from  their  papers  when 
published.  It  is  sufficient  here  to  say  that  high  temperatures  can 
be  used  against  the  larvae  of  fruit  flies.  The  pupal  and  adult  stages 
are  not  susceptible  to  such  treatment  for  purposes  of  control. 

The  second  phase  to  be  considered  has  to  do  with  the  effects  of 
temperatures  met  with  in  the  field.  In  Cuernavaca,  Morelos,  they  are 
never  such  as  to  exert  a  harmful  influence  on  any  stage  of  the  fly. 
The  low  temperatures  used  in  the  experiments  reported  above  are 
never  experienced  in  this  part  of  Mexico.  Indeed,  the  fairly  low 
temperatures  in  the  field  only  serve  to  increase  the  organism's  chances 
of  survival.  They  prolong  the  larval  and  pupal  periods,  and  permit 
the  fly  to  emerge  later  when  a  new  crop  of  fruit  is  just  becoming 
available.  Adult  flies  under  such  conditions  merely  suspend  activi- 
ties during  the  cold  hours,  resuming  them  later  in  the  day  when  it 
warms  up. 

The  low  temperatures  met  with  in  the  Kio  Grande  Valley  are  more 
severe  than  those  in  Cuernavaca,  but  not  of  lethal  extent.  Larvae 
have  been  carried  to  much  lower  temperatures  for  long-continued 
periods  without  harmful  effects.  Pupae  would  be  harmed  if  the 
air  temperature  which  sometimes  occurs  from  6  to  8  in  the  morning 
obtained  also  in  the  soil.  But  soil  temperatures,  recorded  and  fur- 
nished by  W.  H.  Friend,  of  the  Weslaco  Experimental  Station,  Tex., 
while  they  show  a  much  greater  constancy  than  the  air  temperatures, 
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never  reach  and  maintain  tlie  lethal  point  of  10°  C.   (50°  F.)   for 
several  days. 

As  regards  the  adults,  the  air  temperature  would  render  them  im- 
mobile for  periods  in  the  morning  and  thus  possibly  leave  them  at 
the  mercy  of  their  enemies.  This  does  not  take  into  account,  how- 
ever, that  low  temperatures  have  a  similar  effect  on  all  protoplasmic 
systems  and  would  also  render  the  enemies  sluggish.  Of  the  possi- 
bility of  direct  effect,  there  is  no  trace  shown  by  the  experiments. 

The  maximum  temperatures  at  Cuernavaca  are  also  within  the 
lethal  limits.  The  rainy  season,  coming  over  the  months  of  June, 
July,  August,  and  September,  cools  down  the  air  markedly  (July 
is  cooler  than  March)  and  supplies  moisture  for  evaporation  as 
well.  Moreover,  the  elevation  of  Cuernavaca  is  about  5,000  feet, 
and  the  reduced  pressure  brings  about  a  rate  of  evaporation  much 
higher  than  that  at  sea  level.  Direct  sunlight  in  these  large  shaded 
mango  groves  cannot  last  for  many  hours;  while  the  final  proof  of 
the  favorable  nature  of  the  climatic  conditions  is  that  99  percent  of 
the  mangos  are  heavily  infested  at  all  times  of  the  year. 

In  the  Rio  Grande  Valley  the  temperatures  are  higher  than  they 
are  in  Cuernavaca.  In  the  month  of  August  1930  the  soil  tempera- 
ture at  Weslaco,  Tex.,  reached  and  stayed  above  31°  C.  (87.8°  F.) 
for  over  2  weeks.  The  pupae  in  the  soil  at  such  a  time  would 
have  been  killed.  Strangely,  the  air  temperature  was  not  very 
much  higher,  going  only  to  37°  C.  (98.6°  F.)  and  not  remaining  there 
for  long.  Adults,  therefore,  could  have  sought  shade  in  the  center 
of  the  tree  and  remained  unharmed  by  the  heat.  Larvae  inside 
the  fruit,  especially  under  direct  sunlight,  would  certainly  have  been 
adversely  affected. 

In  the  previous  sections  of  this  paper,  no  attempt  has  been  made 
to  compare  all  of  the  stages  as  to  tlieir  susceptibilit}^  to  temperature 
injury.  They  were,  however,  all  subjected  to  a  single  temperature 
(40.5°  C.  (104.9°  F.))  and  the  data  on  the  differences  between  their 
reactions  are  placed  in  graph  form  in  figure  10. 

First,  it  will  be  seen  that  the  various  stages  differ  widely  in  their 
tolerance  for  40.5°  C.  (104.9°  F.).  The  adults  are  the  most  sensi- 
tive, followed  by  the  young  pupae,  old  pupae,  and  larvae.  The  re- 
actions to  heat,  however,  fall  into  two  groups ;  the  form  of  the  curve 
for  larvae  is  similar  to  that  for  young  pupae,  and  the  curve  for  old 
pupae  is  similar  to  that  for  adults.  There  are  two  factors  that  seem 
to  be  concerned — the  position  of  the  threshold  of  resistance,  and 
the  character  of  the  chemical  reaction  that  is  involved  in  the  killing 
process. 

From  the  larvae  to  the  young  pupae,  the  threshold  of  resistance 
is  changed — the  larvae  show  a  much  greater  resistance  than  the 
young  pupae.  But  once  this  threshold  is  crossed,  the  curve  for  the 
killing  off  of  the  larvae  is  similar  to  that  of  the  young  pupae.  Sim- 
ilarly, there  is  a  change  of  threshold  between  the  old  pupae  and  the 
adults,  again  followed  by  a  similarity  of  the  curves. 

It  is  clear  that  the  resistance  of  the  organism  does  not  have  a  con^ 
stant  value,  but  that  it  alters  from  time  to  time.  This  is  also  borne 
out  by  figure  9  on  the  cold  treatment  of  pupae.  Back  and  Pember- 
ton  (l)  report  a  difference  of  resistance  to  cold  in  the  various  larval 
instars  of  Ceratitis  capitata    (Wied.).     But  strangely  these  same 
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authors  (^)  state  that  there  is  no  similar  condition  existing  in  the 
pupae  of  various  ages.  However,  if  their  data  are  plotted,  they 
will  be  found  to  show  variations  in  resistance  to  cold  depending  on 
the  age  of  the  pupae.  But  in  such  work  it  is  necessary  to  control  the 
age  (degree  of  development)  of  the  pupae  very  carefully  by  collect- 
ing them  at  exact  hours  and  holding  them  at  constant  temperatures. 
When  these  precautions  were  taken,  clean-cut  differences  in  resis- 
tance to  both  cold  and  heat  were  observed  in  A.  ludens  depending 
upon  the  age.  In  the  sequence  of  age  as  regards  heat  the  third- 
instar  larvae  are  the  most  resistant.  Young  pupae,  however,  are  very 
delicate,  followed  by  older  pupae  with  increased  resistance.  These 
in  turn  are  followed  by  the  adults  with  greatly  diminished  resistance 
to  high  temperature. 


-Figure  10. 


6  9  12 

HOURS     OF    EXPOSURE 

-The  mortality  of  A.  ludens  at  various  stages  of  development  after  exposure  to 
40.5°  C.   (104.9"  F.)  for  various  periods  of  time. 


As  regards  the  similarity  of  the  curves  in  figure  10,  it  will  suggest 
to  those  who  favor  the  master-reaction  theory  that  reactions  of  simi- 
lar type  are  involved  in  the  killing  of  larvae  and  young  pupae,  and 
other  reactions  of  a  slightly  different  type  in  the  killing  of  old 
pupae  and  adults.  But  when  it  is  remembered  that  young  pupae  are 
really  fourth-instar  larvae  within  a  puparium,  and  that  old  pupae 
are  morphologically  adults  within  a  puparium,  the  similarity  of  these 
pairs  of  curves  is  noteworthy.  Furthermore,  it  focuses  attention  on 
the  change  that  takes  place  on  the  fourth  day  of  pupal  life  at  25°  C. 
(77°  F.).  The  implication  is  difficult  to  avoid  that  there  is  a  shift 
in  the  type  of  chemical  system  at  this  critical  point.  I  have  found 
that  the  CO2  production  at  this  stage  in  development  undergoes  a 
radical  change. 
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Another  feature  of  these  experiments  is  that  the  criterion  used  was 
the  actual  death  of  the  individual.  This  is  by  far  the  most  satisfac- 
tory method,  for  when  an  organism  is  dead  there  is  no  question  of 
further  propagation.  But  the  definiteness  of  this  method  of  judging 
should  not  obscure  another  type  of  criterion,  which  might  De  very 
valuable  in  connection  with  the  sterilization  of  food  products,  etc. 
This  other  criterion  is  "  race  death."  When  an  organism  is  so  injured 
that  propagation  is  no  longer  possible,  race  death  ensues.  For  in- 
stance, an  organism  can  be  rendered  sterile  by  exposures  to  X-rays. 
The  adult  continues  to  live,  but  no  offspring  are  produced. 

Experiments  in  which  the  sterility  of  the  adult  is  used  as  the 
criterion  of  the  effectiveness  of  the  treatment  are  of  necessity  longer 
than  those  using  immediate  death,  since  the  entire  life  of  the  adult 
has  to  be  observed.  The  value  of  race  death  as  a  criterion  lies  in  the 
fact  that  lower  temperatures  (or  shorter  exposures)  can  be  used  to 

Eroduce  it.  In  this  way  deleterious  effects  on  the  food  product  might 
e  avoided  entirely.  Injury,  as  Osterhout  (5)  has  shown,  is  seldom 
followed  by  complete  recovery — the  more  drastic  the  injury,  the  less 
the  recovery.  Should  the  temperature  necessary  to  kill  an  insect 
outright  be  very  close  to  that  which  destroys  the  host,  it  might  still 
be  possible  to  use  temperatures  that  would  produce  race  death  with 
perfect  safety  to  the  host. 

The  question  asked  at  the  beginning  of  this  paper,  as  to  whether 
the  protoplasmic  system  of  the  insects  reacts  to  temperature  in  the 
same  manner  as  that  of  other  classes  of  animals,  can  now  be  answered 
in  the  affirmative.  Many  organisms  show  marked  injury  at  tempera- 
tures of  40°  C.  (104°  F.)  and  above.  One  degree  below  40°  C, 
however,  is  very  much  less  toxic  and  much  longer  exposures  are  neces- 
sary to  produce  death.  This  difference  holds  true  in  the  case  of 
Anastrepha  ludens^  as  can  be  seen  from  figures  2-4,  especially. 

In  considering  the  organism  as  a  whole,  it  would  only  be  necessary 
to  dislocate  one  part  of  the  machine  to  wreck  the  entire  system.  In 
a  recent  paper  Wigglesworth  (^),  working  on  the  digestion  of  the 
cockroach,  reports  a  tryptase  closely  resembling  pancreatic  trypsin. 
Since  Anastrepha  feeds  on  yeast,  it  must  have  tryptase  of  some  type 
similar  to  pancreatic  trypsin  to  digest  proteins.  The  latter  (trypsin) 
begins  to  show  inactivation  at  39°  C.  (102.2°  F.) .  The  tryptase  of  the 
fly  would  be  destroyed  by  temperatures  of  40°  C.  (104°  F.)  or  more, 
and  protein  digestion  would  thus  be  eliminated.  The  above  is  given 
as  an  example  of  how  the  destruction  of  only  one  simple  system 
could  result  in  the  death  of  the  organism. 

SUMMARY 

1.  The  larval,  pupal,  and  adult  stages  of  Anastrepha  ludens  have  been  studied 

with  reference  to  their  reactions  to  high  and  low  temperatures. 

2.  The   lethal   temperatures   of   the   various   stages   of   A.    ludens   have   been 

determined  and,  similarly,  the  limits  of  tolerance  of  this  organism. 

3.  Definite  variations  of  response  have  been  shown  to  depend  upon  the  age  of 

the  organism. 

4.  Some  further  applications  of  these  findings  to  the  sterilization  of  vegetable 

products  have  been  suggested. 
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INTRODUCTION 

The  work  of  Holmes  (14)  ^  and  that  of  Holmes  and  Edgington  (15) 
present  a  careful  investigation  of  the  chemical  characteristics  of 
colloids  of  given  soil  types  which  occur  in  the  humid  region.  These 
studies  bring  out  the  fact  that  the  colloid  of  a  given  soil  series,  as 
defined  by  the  Division  of  Soil  Survey,  is  of  essential  constancy  of 
composition,  while  the  soil  colloids  derived  from  different  series  differ 
to  a  marked  degree.  The  work  of  Denison  (12)  and  that  of  Anderson 
and  Byers  {3,  4)  show  that  although  the  soils  of  the  great  soil  groups 
have  within  each  group  a  generally  similar  character,  the  different 
great  groups  are  markedly  dissimilar.  These  groups  of  data,  with 
other  data  collected  from  various  sources,  have  been  made  the  basis 
for  a  general  treatment  of  the  subiect  of  the  relation  between  the 
colloids  of  the  great  soil  groups,  as  developed  and  defined  by  Marbut 
(18)  and  his  associates,  by  Bvers  and  Anderson  (9),  and  a  discussion 
of  the  genesis  of  soil  colloids  by  Byers  (8). 

At  the  suggestion  of  one  of  the  authors  (Kice),  the  present  investi- 
gation of  chemical  and  physical  properties  of  groups  of  soils  which 
have  been  intensively  studied  in  the  field  by  the  representatives  of  the 
Division  of  Soil  Survey  was  undertaken  as  a  continuing  study  of  the 
relation  between  the  cnemical  characteristics  of  soils  and  their  classi- 
fication. It  was  also  expected  that  light  might  be  thrown  on  the 
processes  of  production  oi  claypans.  It  was  at  first  intended  to  liimt 
the  study  to  the  claypan  soils  of  Nebraska,  but  as  the  work  developed 
it  seemed  wise  to  include  three  profiles  from  other  sources. 

t  Italic  numbers  in  parentheses  refer  to  Literature  Olted,  p.  4L 
ia077°--83 1 
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In  southern  Nebraska  is  an  area  which  affords  an  excellent  field  for 
the  study  of  changes  in  soils  brought  about  by  climatic  conditions. 
This  area,  which  extends  east-west  across  the  southern  part  of  the 
State,  is  about  325  miles  long.  The  greater  part  of  it  is  mantled  with 
Peorian  loess.  From  about  the  longitude  of  Lincoln  to  the  west  State 
line  the  loessial  mantle  is  almost  continuous.  East  of  this  longitude 
it  has  been  removed  rather  extensively  but  still  caps  many  of  the 
divides  to  within  a  few  miles  of  Missouri  Eiver.  Aside  from  some 
variations  in  its  lime  content  the  loessial  material  over  this  area  is 
remarkably  uniform  in  composition.  Its  surface,  as  a  rule,  is  nearly 
level  or  very  gently  rolling,  although  it  is  modified  here  and  there  by 
shallow  basinlike  depressions  and  is  crossed  by  narrow  strips  of  steeply 
sloping  or  rough  and  broken  land  along  drainageways.  There  is  a 
gradual  slope  eastward  from  about  3,200  feet  above  sea  level  in  the 
western  part  to  about  1,200  feet  in  the  eastern  part. 

The  natural  vegetation,  prior  to  the  use  of  the  land  for  cultivated 
crops,  consisted  of  taU  prairie  grasses  in  the  eastern  part,  mixed  tall 
and  short  grasses  in  the  central  part,  and  short  grasses  in  the  western 
part  of  the  area.  Patches  of  virgin  grassland  of  varying  sizes  still 
remain  in  practically  every  township.  Throughout  most  of  the  area, 
native  forest  occurs  only  in  narrow  strips  along  drainage  channels. 

The  mean  annual  precipitation  ranges  from  about  18  inches  in 
Dundy  County  to  about  32  inches  in  Richardson  County.  The  mean 
annual  temperature  is  almost  uniform  throughout  the  area,  being 
50°  F.  in  the  eastern  part.     Local  relief  nowhere  exceeds  200  feet. 

The  importance  of  this  area  as  a  field  for  soil  study  is  owing  to  its 
large  extent,  to  the  uniformity  of  the  parent  soil  material,  and  to  the 
fact  that  comparable  successions  of  drainage  conditions  occur  through- 
out. Obviously,  differences  in  the  soils  developed  over  this  area  are 
the  result  of  changes  in  the  factors  of  environment,  which  determine 
the  nature  and  intensity  of  the  soil-forming  processes.  It  is  believed 
that  differences  in  the  amount  of  soil  moisture,  whether  directly 
derived  from  precipitation  or  increased  or  diminished  locally  by 
topographic  features,  account  for  the  major  soil  features  in  a  given 
locality.  The  region  selected  for  study  lies  south  of  Platte  River, 
extending  from  about  the  longitude  of  Lincoln  to  the  western  State 
line.  Throughout  this  region  differences  in  temperature,  owing  to 
differences  in  elevation  or  latitude,  are  not  believed  to  be  significant 
factors  in  soil  formation.  The  character  of  the  vegetation,  a  very 
important  factor  in  soil  development,  is  controlled  by  the  amount 
and  distribution  of  the  rainfall. 

In  any  given  precipitation  belt  the  soil  on  the  smooth  but  well- 
drained  upland  receives  the  whole  precipitation  and  develops  a  profile 
that  may  be  regarded  as  the  regional  or  zonal  profile.  In  depressions, 
however,  soils  developed  under  more  humid  conditions  may  resemble 
soils  that  occur  in  belts  of  heavier  rainfall  farther  east,  and  on  sloping 
areas  the  soils  are  like  the  more  arid  soils  to  the  west.  For  this  reason 
the  soil  map  of  any  country  may  show  that  soils  zonal  in  other  regions 
occur  in  association  with  each  other,  depending  on  the  relief. 

The  local  soil-forming  processes  acting  on  the  uniform  parent 
material  have  produced  soils  that  differ  in  several  respects.  In  the 
soils  of  the  region  imder  consideration  an  especially  obvious  character- 
istic is  the  development  of  a  more  or  less  dense  upper  subsoil  layer. 
In  some  of  them  this  is  a  true  claypan.     On  the  basis  mainly  of  the 
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color,  thickness,  and  density  of  the  dense  layer,  these  soils  have  been 
grouped  in  soil  mapping  into  several  series.  This  report  is  concerned 
with  five  series;  namely,  Fillmore,  Crete,  Hastings,  Holdrege,  and 
Keith,  all  of  which  lie  west  of  the  north-south  line  which  separates 
the  soils  of  the  United  States  into  two  broad  groups — pedocals  and 
pedalfers — and  they  belong  to  the  former  group. 

Soils  of  the  first  four  series  named  have  developed  in  that  part  of 
the  United  States  where  the  surface  soils,  as  a  result  of  moderate 
rainfall  and  a  heavy  grass  cover,  have  attained  a  very  dark,  in  many 
places  almost  black,  color.  They  are  classed  as  chernozems.  The 
intensity  of  darkness  in  the  surface  layers  diminishes  westward  toward 
the  region  of  lower  rainfall  and  lighter  grass  cover,  except  in  the  Fill- 
more soils.  Aside  from  the  Fillmore  soils,  which  may  be  regarded 
as  intrazonal  in  their  distribution,  all  the  soils  mentioned  occur  in 
more  or  less  well-defined  north-south  belts  across  the  southern  part  of 
Nebraska.  The  Keith  soils,  which  have  developed  in  the  region  of 
lightest  precipitation  and  grass  cover,  have  the  lightest-colored  surface 
layers  and  are  definitely  classed  with  the  chestnut-brown  group  of 
soils.  All  the  soil  samples  from  Nebraska  were  collected  by  F.  A. 
Hayes  of  the  Soil  Survey. 

One  of  the  three  other  profiles  introduced  is  a  solonetz  from  Phillips 
sandy  loam  from  Montana.  This  soil  is  developed  under  a  scanty 
rainfall  and  grass  cover  but  has  a  very  distinct  claypan.  Another  is 
a  solonetz  from  Fargo  clay  from  Minnesota,  developed  from  the 
lacustrine  deposit  of  the  ancient  Lake  Agassiz,  and  having  a  well- 
developed  claypan  and  very  distinct  development  of  podzollike  char- 
acteristics. The  third  is  a  silt  loam  which  has  not  yet  been  named, 
since  it  is  in  an  unsurveyed  area.  It  is,  however,  a  prairie  soil, 
occurring  6  miles  west  of  McLeansboro,  111.  It  has  a  well-defined 
claypan,  and  the  rounded  tops  of  the  columnar  subsoil  show  evidence 
of  incipient  podzolization.  Detailed  descriptions  of  each  of  these 
profiles  are  given.  The  field  observations  of  the  Soil  Survey  indicate 
a  wide  distribution  of  claypan  throughout  the  Mississippi  Valley. 
These  soils  are  also  similar  in  physical  characteristics  to  the  pleisto- 
cene gumbotil,  which  has  been  summarized  by  Kay  and  Apfel  (16). 
Lack  of  detailed  information  concerning  the  colloid  of  the  gumbotil 
and  of  its  physical  properties  makes  comparison  difficult,  but  it  is 
possible  that  this  material  was  produced  by  the  same  processes  which 
produce  claypans  in  the  present  soils.  Also,  dense  subsoils,  resem- 
bling claypans,  are  developed  in  certain  areas  as  a  result  of  irrigation, 
according  to  McGeorge,  Breazeale,  and  Burgess  (17),  and  are  also 
found  in  the  lateritic  soils  of  the  humid  east.  The  relation  of  these 
to  the  claypans  is  close.  It  would  appear,  then,  that  laboratory 
investigations  of  a  definite  type  of  claypan  should  be  of  general  in- 
terest and  have  a  direct  bearing  on  soil  genesis  and  colloid  constitution. 

DESCRIPTION   OF   SOILS 

FILLMORE  SOILS 

The  Fillmore  soils  are  typically  developed  in  shallow  poorly  drained 
depressions  or  basins.  Tnese  soils  may  occur  in  any  part  of  the  loess- 
covered  uplands  where  conditions  of  moderately  excessive  moisture 
prevail,  but  they  are  most  abundant  and  cover  a  greater  proportion 
of  the  area  in  the  eastern  part  of  the  region  under  consideration. 
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The  Fillmore  soils  represent  the  most  extreme  development  of  the 
dense  black  claypan.  The  topsoil  in  few  places  exceeds  9  or  10 
inches  in  thickness.  It  is  very  dark  in  the  upper  part  but  in  many 
places  is  leached  and  almost  white  in  the  lower  part.  The  upper  part 
of  the  subsoil  is  a  true  claypan  consisting  of  dense  black  clay  from 
14  to  30  inches  thick.  The  clay  in  most  places  gives  way  rather 
abruptly  at  a  depth  of  about  40  inches  to  light-gray  limy  and  floury 
silt.  This  light-colored  layer,  or  the  Hme  zone,  ranges  from  about 
8  to  14  inches  in  thickness.  It  rests  on  Peorian  loess.  The  loess 
contains  less  lime  than  the  layer  above.  The  profile  studied  is  a  silt 
loam,  a  description  of  which  follows: 

Location:  On  west  side  of  road,  1,050  feet  south  of  the  northeast  corner  of 
sec.  15,  T.  8  N.,  R.  9  W.,  Adams  County,  Nebr. 

Topography:   Nearly  level  area  about  12  feet  below  the  surrounding  uplands. 

Drainage:  Water  does  not  remain  long  on  the  surface  but  drains  slowly  to  a 
slightly  lower  lying  area.  The  claypan  subsoil  is  nearly  impervious  to 
underdrainage. 

Vegetation:  Virgin-hay  meadow  covered  mainly  by  western  wheatgrass  and  a 
small  sedge,  with  some  bluegrass. 

Ai.  0  to  2  inches,  very  dark  grayish -brown  silt  loam.  The  upper  half  inch  is 
structureless,  and  the  remainder  is  laminated. 

A2.  2  to  Q}i  inches,  the  upper  2  inches  of  which  is  light  grayish-brown 
laminated  silt  loam.  In  the  lower  part  gray  material  coats  the  hard 
granular  particles  of  the  degrading  upper  part  of  the  claypan. 

Bi.  Q}i  to  16  inches,  upper  part  of  claypan.  Black  dense  structureless  clay 
which  contains  round  hard  ferruginous  pellets  from  one  eighth  to  one 
fourth  inch  in  diameter. 

Bj.  16  to  38  inches,  same  as  layer  above,  except  that  the  color  is  slightly 
lighter,  passing  into  grayish  brown  in  the  lower  3  inches. 

B3.  38  to  42  inches,  upper  part  of  zone  of  lime  accumulation.  Grayish-brown 
friable  structureless  silt  loam  containing  an  abundance  of  lime  carbon- 
ate. The  lime  occurs  in  finely  divided  form  and  as  a  coating  in  root 
cavities.     Streaks  and  spots  of  iron  are  also  plentiful. 

B4.  42  to  60  inches,  appears  to  be  the  zone  of  maximum  lime  accumulation. 
The  material  is  lighter  in  color  than  that  in  the  layer  above  and  contains 
lime  concretions,  some  of  which  attain  a  diameter  of  three  eighths  of  an 
inch. 

65.  60  to  84  inches,  a  transitional  layer,  in  which  the  material  is  grading  down- 
ward to  unleached  loess.  Lime  is  present  but  is  less  visible  than  in  the 
layer  above.  Iron  is  abundant,  and  ferruginous  tubes  occur  usually  in 
a  vertical  position. 

C.  84  to  96  inches,  the  parent  material  consisting  of  Peorian  loess.  Pale 
grayish-yellow  structureless  silt.  Contains  an  abundance  of  lime,  but 
there  is  no  visible  concentration. 

CRETE  SOILS 

As  we  pass  from  the  friable  loess  soils  in  eastern  Nebraska  and  cross 
the  vaguely  defined  belt  of  predominantly  black  claypan  soils,  we 
come  to  the  first  belt  in  which  the  claypans  have  developed  under 
the  influence  of  the  normal  precipitation  without  the  addition  of  run- 
off from  higher  lands.  The  precipitation  in  the  region  where  the 
Crete  soils  attain  their  maximum  and  most  extensive  development 
ranges  from  about  26.5  to  28  inches.  The  soils  of  this  belt  have  a 
brown  claypan  layer,  slightly  less  dense  than  that  of  the  Fillmore 
soils,  but  usually  as  thick.  A  typical  profile  of  Crete  silt  loam  ob- 
served on  the  level  uplands  near  Hastings,  Nebr.,  is  described.  A 
sample  of  this  soil  was  collected  and  used  in  the  laboratory  investi- 
gations. 

Location:  350  vards  south  of  the  northeast  corner  of  sec.  8,  T.  6  N.,  R.  9  W., 
Adams  County,  Nebr.     Pit  dug  to  a  depth  of  7  feet  on  west  side  of  road. 
Topography:  Nearly  level  area  on  a  smooth  plain. 
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Vegetation:  Western  wheatgrass  and  June  grass,  with  some  big  bluestem. 

Drainage:  Surface  drainage  slow  but  good.  Underdrainage  poor  on  account 
of  claypanlike  subsoil. 

Ai.  0  to  1^  inches,  very  dark  grayish-brown  structureless  silt  loam  mulch. 

At.  1)^  to  4  inches,  a  laminated  layer.  Very  dark  grayish-brown  friable  lami- 
nated silt  loam.     Crushes  no  lighter  than  broken  surface. 

As.  4  to  20  inches,  very  dark  grayish-brown  faintly  granular  or  sti*uctureles8 
.  friable  silt  loam.     Crushes  dark  grayish  brown. 

Bi.  20  to  38  inches,  a  claypan  layer.  Brown  or  dark  grayish-brown  dense  clay 
with  a  prismatic  structure.  The  structural  aggregates  are  slightly  longer 
vertically  than  horizontally  but  do  not  exceed  one  half  inch  in  any 
dimension.  This  layer  becomes  light  grayish  brown  and  a  little  more 
friable  in  its  lower  3-inch  part  which  rests  directly  on  the  lime  zone. 

Bj.  38  to  60  inches,  the  lime  zone.  Very  light  grayish-brown  structureless  silt. 
Lime  is  abundant  in  disseminated  form,  as  soft  spots  and  splotches,  as 
coatings  on  the  surfaces  of  cracks,  and  as  occasional  small  hard  con- 
cretions. 

C.  60  to  84  inches,  raw  Peorian  loess.  Very  light  grayish-yellow  structureless 
silt.  Lime  is  abundant,  but  there  is  no  layer  in  which  it  appears  to 
have  accumulated. 

HASTINGS  SOILS 

West  of  the  belt  of  dense  brown  claypan  soils  is  the  belt  of  Hastings 
soils.  These  soils  have  developed  under  less  moisture  than  those  of 
the  Crete  belt.  Throughout  the  area  of  their  distribution  in  Adams, 
Kearney,  Franklin,  and  Webster  Counties,  Nebr.,  the  annual  pre- 
cipitation ranges  from  about  25  to  26.5  inches. 

In  other  areas,  as  in  those  around  the  northern  edge  of  the  Crete 
belt,  the  precipitation  is  equal  to  that  in  the  Crete  belt,  but  the  land 
surface  is  more  rolling  and  less  of  the  moisture  has  penetrated  the 
ground.  Aside  from  the  eastward-extending  spur  of  the  Hastings 
soils,  where  the  vegetation  is  of  the  tall-grass  type,  the  Hastings  belt 
is  in  the  eastern  part  of  the  mixed-grass  prairies.  Here  the  moisture 
supply  is  not  quite  sufficient  to  support  the  purely  tall-grass  type  of 
vegetation  so  common  in  the  soil  belts  farther  east.  Tall  grasses 
dominate,  but  short  grasses  are  beginning  to  appear. 

Owing  to  decreased  moisture,  the  upper  part  of  the  subsoil  in  the 
Hastings  soils  is  not  so  dark,  thick,  or  dense  as  the  corresponding 
layer  in  the  Crete  soils.  However,  it  is  by  no  means  friable  and  is 
usually  regarded  as  semiclaypanlike  in  character. 

The  following  profile  of  Hastings  silt  loam  was  observed  in  Sherman 
Countv.  This  is  outside  the  prmcipal  belt  of  Hastings  soil  but  is 
typical  of  the  series. 

Location:  300  yards  north  of  the  southwest  corner  of  sec.  4,  T.  14  N.,  R.  13 

W.,  Sherman  County,  Nebf.     Pit  dug  to  a  depth  of  9  feet  on  east  side 

of  road. 
Topography:  Tabular  spur  on  nearly  level  plain. 
Vegetation:  Big  bluestem  and  western  wheatgrass. 

Drainage:  Surface  drainage  and  underdrainage  well  established.     No  erosion. 
Ai.  0  to  6  inches,  very  dark  grayish-brown  structureless  silt  loam.     Thickly 

matted  with  grass  roots.    No  color  change  when  crushed. 
Aj.  6  to  20  inches,   very  dark  grayish-brown  structureless  or  very  faintly 

granular  silt  loam.    Crushes  grayish  brown. 
Bi.  20  to  30  inches,  upper  part  of  zone  of  maximum  compaction.     Very  dark 

grayish-brown   moderately   compact  silty  clay   loam.     Cloddy.     The 

material  crushes  light  grayish  brown  but  is  crushed  with  diflBculty 

between  the  finger  and  thumb. 
Ba.  30  to  43  inches,  lower  part  of  zone  of  maximum  compaction.    Same  as  Bi, 

except  that  the  material  is  slightly  lighter  in  color  and  a  little  more 

compact. 
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B3.  43  to  57  inches,  a  transitional  layer  between  zone  of  maximum  compaction 
and  lime  zone.  Very  light  grayish-brown  structureless  friable  silt  loam. 
Crushes  no  lighter  than  a  broken  surface.  This  layer  contains  scattered 
rust-brown  ferruginous  spots  and  splotches.  The  material  shows  no 
effervescence  when  acid  is  applied, 

B4.  57  to  78  inches,  the  zone  of  maximum  carbonate  enrichment.  Very  light 
grayish-brown  structureless  silt.  Lime  is  abundant,  occurring  as 
filmlike  coatings  on  the  surfaces  of  cracks,  in  myceliumlike  arrangement, 
and  in  disseminated  form.  The  layer  also  contains  a  few  filled  rodent 
burrows,  in  which  the  material  is  dark  colored  and  free  from  lime. 

C.  78  to  108  inches,  the  parent  Peorian  loess.  Pale  yellowish-brown  structure- 
less silt.  This  material  is  rich  in  disseminated  lime  and  also  contains 
scattered  lime  concretions  from  one  sixteenth  to  one  eighth  inch  in 
diameter,  but  there  is  no  layer  in  which  the  carbonates  appear  to  be 
concentrated. 

HOLDREGE  SOILS 

West  of  the  Hastings  belt  are  the  Holdrege  soils.  They  have  devel- 
oped under  a  precipitation  ranging  from  about  20  to  25  inches  per 
annum  and  occupy  the  central  and  western  parts  of  the  mixed-grass 
prairie  region.  In  the  eastern  part  of  the  Holdrege  belt,  where  the 
precipitation  is  greatest,  tall  and  short  grasses  are  about  equally 
abundant,  but  in  the  western  part  short  grasses  dominate.  These 
soils  differ  from  those  of  the  Hastings  series  only  in  degree  of  claypan 
development.  A  thin,  rather  tight  layer  is  developed  in  the  upper 
part  of  the  subsoil  in  nearly  all  of  the  more  nearly  level  areas  of  the 
Holdrege  soils.  ^  This  layer,  although  thinner  and  less  compact  than 
the  corresponding  layer  in  the  Hastings  soils  to  the  east,  otherwise 
has  most  of  the  characteristics  common  to  that  layer.  On  the  more 
rolling  areas  the  tight  layer  almost  disappears  in  the  Holdrege  soils. 
Following  is  a  description  of  a  typical  profile  of  Holdrege  silt  loam: 

Location:  2,400  feet  west  of  the  northeast  corner  of  sec.  20,  T.  6  N.,  R.  19  W., 
Phelps  County,  Nebr. 

Ai.  0  to  4  inches,  dark  grayish-brown  structureless  or  laminated  silt  loam. 

A2.  4  to  7  inches,  very  dark  grayish-brown  laminated  silt  loam.  Crushes  to 
dark  grayish  brown. 

A3.  7  to  18  inches,  very  dark  grayish-brown  mealy  silt  loam.  Crushes  to  a 
slightly  lighter  color  than  crushed  material  from  the  layer  above. 
Horizon  has  imperfectly  developed  columnar  form.  It  corresponds,  in 
its  profile  position,  to  the  granular  layer  of  soils  farther  east. 

Bi.  18  to  30  inches,  the  zone  of  maximum  compaction.  Grayish-brown  moder- 
ately compact  silty  clay  loam.  Material  seems  to  be  made  up  almost 
entirely  of  worm  and  insect  borings.     It  is  cloddy. 

B2.  30  to  49  inches,  light  grayish-brown  friable  silt  loam  which  is  somewhat 
cloddy  and  contains  very  little  lime.  Borings  are  as  numerous  as  in 
layer  above.  This  is  a  transitional  layer  between  the  zone  of  maxi- 
mum compaction  and  the  lime  zone. 

B3.  49  to  72  inches,  light  grayish-brown  structureless  silt.  Carbonates  are 
abundant,  occurring  chiefly  as  filmlike  coatings  on  the  surfaces  of  clods 
or  of  cracks  and  also  in  dendritic  filaments. 

C.  72  to  96  inches,  parent  loess  of  light  grayish-brown  color.  Lime  is  abundant, 
but  carbonate  segregations  are  rare. 

KEITH  SOILS 

A  little  west  of  100°  west  longitude,  where  the  precipitation  drops  to 
less  than  20  inches  per  annum,  soils  of  the  Keith  series  are  developed. 
These  soils  are  definitely  in  the  short-grass  prairie  region.  The 
decreased  organic  content  has  resulted  in  dark  grayish-brown  or 
chestnut-brown  surface  soils  which  contrast  rather  sharply  with  the 
darker  surface  layers  of  the  Holdrege  and  Crete  soils,  especially  if 
typical  samples  are  compared.  The  Keith  soils  have  been  less  thor- 
oughly leached  than  any  of  the  well-drained  loess-derived  soils  farther 
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east.  They  have  a  barely  perceptible  compaction  in  the  upper  part 
of  their  subsoils.  The  profile  of  Keith  silt  loam  collected  is  described 
as  follows: 

Location:  1,628  feet  north  of  the  southwest  comer  of  sec.  34,  T.  14  N.,  R.  36 
W.,  Dundy  County,  Nebr. 

Topography:  Very  gentle  slope  in  gently  undulating  plain. 

Drainage:  Good  surface  drainage  and  underdrainage.     No  erosion. 

Vegetation:   Western  wheatgrass  and  grama  grass. 

Ai.  0  to  J4  inch,  grayish-brown  structureless  silt  loam. 

Aj.  H  to  3H  inches,  chestnut-brown  laminated  silt  loam. 

Bi.  3>^  to  14  inches,  dark  grayish-brown  friable  structureless  or  mealy  silt 
loam.  Worm  and  insect  borings  and  casts  rather  numerous.  Material 
breaks  into  soft  clods  of  irregular  sizes  and  shapes. 

Bj.  14  to  21  inches,  upper  part  of  lime  zone.  Grayish-brown  cloddy  friable  silt 
loam.  Limy.  Carbonates  occur  in  small  soft  spots,  in  splotches,  and 
as  filmlike  coatings  on  the  surfaces  of  clods.    Borings  very  abundant. 

5.'  21  to  33  inches,  the  zone  of  maximum  lime  accumulation.  Light  grayish- 
brown  structureless  silt  loam.  Lime  very  abundant,  occurring  both  in 
disseminated  form  and  as  coatings  on  clods.  Material  breaks  into 
irregular-shaped  clods  which  are  moderately  hard  to  crush  between 
fingers  and  thumb. 

6.'  33  to  40  inches,  very  light  grayish-brown  structureless  silt.  Very  limy. 
Material  breaks  into  rather  definite  clods  of  various  sizes  and  shapes, 
but  they  are  softer  than  in  layer  above. 

7.'  40  to  48  inches,  same  as  layer  above,  except  it  has  a  floury  consistence. 
In  this  horizon  very  little  of  the  lime  is  visible,  most  of  it  being  in  dis- 
seminated form. 

8.2  48  to  72  inches,  the  parent  loess.    Light  grayish-brown  floury  silt.     Limy. 

9.'  72  to  96  inches,  same  as  layer  above. 

PHaUPS  SOILS 

The  Phillips  soils  of  northern  Montana  represent  a  group  of  soils 
which  have  developed  a  claypan  layer.  The  sample  under  investiga- 
tion was  taken  in  an  extensive  area  in  northern  Montana.  The 
Phillips  soils  in  this  area  have  their  most  eastern  extension  in  the 
southern  part  of  Phillips  County  and  stretch  as  an  irregular  belt  in  a 
northwesterly  direction  across  the  northern  part  of  Blaine  County 
and  the  northeastern  corner  of  Hill  County,  and  thence  for  an  un- 
known distance  into  Canada.  The  elevation  of  the  area  ranges  from 
2,240  to  2,500  feet  above  sea  level. 

The  mean  annual  precipitation  is  slightly  more  than  13  inches, 
and  the  mean  annual  temperature  is  about  45°  F.  The  surface  relief 
is  flat  or  very  gently  undulating,  and  over  the  greater  part  of  the  area 
the  precipitation  is  retained  by  the  soil  upon  which  it  falls.  The 
surface  covering,  which  is  the  parent  material  of  the  soils,  is  glacial 
drift.  The  area  covered  by  this  soil  is  well  within  the  plains  grass- 
land with  its  short-grass  vegetation.  The  normal  soil  developed 
under  the  climatic  and  vegetative  environment  has  a  moderately  dark 
grayish-brown  surface  layer,  a  slightly  heavier  upper  subsoil  layer, 
and  a  carbonate  accumulation  at  a  slight  depth  below  the  surface. 
The  development  in.  the  PhilUps  belt  of  an  extremely  compact  layer 
would  indicate  a  difference  in  the  composition  of  the  parent  material 
from  that  of  the  normal  soils  of  the  area.  The  location  and  descrip- 
tion are  as  follows: 

Location:  20  miles  south  of  Malta,  Mont. 
Ai.  0  to  l}i  inches,  a  dust  mulch. 

A2.  1)4  to  4  inches,  a  dark  grayish-brown  laminated  layer,  with  blocky  breakage, 
not  columnar:  laminations  distinct  when  the  material  is  broken  out. 


*  C  horizons  not  distinguishable  in  the  field. 


8    TECHNICAL  BULLETIN  399,  U.S.  DEPT.  OF  AGRICULTURE 

Bi.  4  to  9  inches,  grayish-brown  columnar  fine  sandy  loam,  somewhat  com- 
pact in  position.    Apparently  segmented  hardpan  columns. 

B2.  9  to  19  inches,  dense  clay  pan  layer,  dark  grayish  brown,  distinctly  col- 
umnar; columns  one  half  to  1  inch  in  diameter;  material  very  compact  in 
position  but  breaks  into  small  blocks  when  dug  out. 

B3.  19  to  36  inches,  the  layer  of  greatest  apparent  lime  accumulation.  Material 
white  and  olive  brown,  firm  in  position,  breaks  out  in  finely  compact 
clods. 

B4.  36  to  54  inches,  similar  to  layer  above,  except  there  is  more  olive  brown 
and  less  white,  apparently  less  lime;  clods  slightly  softer. 

C.  54  to  64  inches,  grayish-yellow  or  olive-yellow  friable  clay  loam.  Structure- 
less glacial  drift.    This  sample  carefully  taken  with  post-hole  digger. 

FARGO  SOILS 

The  Fargo  soils  represent  the  profile  development  of  the  lacustrine 
deposit  in  the  region  of  the  former  Lake  Agassiz  in  Minnesota  and 
North  Dakota.  The  normal  development  is  without  a  distinct 
claypan,  although  the  subsoil  is  very  heavy  clay.  In  the  Fargo  soils, 
the  claypan  occurs  in  localized  spots  ranging  from  10  to  60  feet  in 
diameter.  In  some  areas  these  spots  make  up  more  than  half  the 
total  surface.  The  prevalent  natural  vegetation  is  that  of  the  long- 
grass  prairie  region.  The  claypan  spots  occur  in  slight  depressions 
in  a  generally  flat  surface.  The  mean  annual  rainfall  is  about  21.5 
inches.  The  profile  development  is  of  the  solonetz  type  and  is  strik- 
ingly uniform  wherever  developed.  The  field  evidence  of  podzoliza- 
tion  is  in  the  light  color  of  the  A2  horizon  and  the  very  great  contrast 
with  the  texture  of  the  B  horizon.  The  sample  studied  was  collected 
by  C.  C.  Nikiforoff  at  a  point  about  30  miles  south  of  Moorehead, 
Minn.    The  profile  is  described  as  follows: 

Ai.  0  to  6  inches,  very   dark   grayish-brown   or  black   material.     Structure 

usually  finely  granular.     This  surface  soil  is  not  noticeably  dififerent 

from  the  surface  layer  of  the  surrounding  areas. 
A-2.  6  to  10  inches,  light-gray  or  ash-colored  material.     Loose  with  laminated 

structure,  the  laminae  being  very  fragile.    Material  crumbles  easily  into  a 

loose  light-gray  powder. 

B.  12  to  20  inches.    This  horizon  begins  abruptly.    Black  material,  extremely 

hard  and  compact  when  dry,  plastic  when  wet.  Most  of  the  columns 
range  from  1  to  2  inches  in  diameter,  and  the  dense  upper  part  is  usually 
from  4  to  6  inches  in  length.  When  degradation  has  proceeded  to  any 
depth  the  columns  are  rounded  and  have  a  white  coating  over  their 
rounded  tops.  Below  the  dense  part  the  columnar  form  is  gradually 
lost  and  the  material  breaks  up  into  irregular  blocks. 

C.  82  to  48  inches,  the  parent  material  of  lacustrine  clay. 

McLEANSBORO  SOILS 

A  considerable  area  of  southern  Illinois  is  covered  by  a  soil  char- 
acterized according  to  an  older  nomenclature  as  a  gray  silt  loam  over 
light  clay.  A  profile  of  this  soU  was  collected  at  a  point  6  miles  west  of 
McLeansboro,  Hamilton  County,  on  route  15.  The  county  has  not 
been  surveyed,  but  the  soil  is,  apparently,  soil  no.  1,  accordmg  to  the 
new  State  nomenclature.  It  is  the  characteristic  soil  of  the  flat  areas 
of  the  district.  The  hardpan  is  very  dense  and  nearly  impervious  to 
water,  but  it  dries  out,  leaving  large  cracks  through  which  some 
drainage  takes  place.  The  mean  annual  rainfall  of  the  area  is  high, 
40  to  45  inches,  and  the  removal  of  colloid  from  the  A  horizons  is  very 
marked.     The  description  of  the  profile  follows: 

Ai.  0  to  8  inches,  dull-brown  silt  loam,  somewhat  dark. 
Aa.  8  to  12  inches,  pale-yellow  silt  loam. 
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Bi.  12  to  16  Inches,  heavier  than  Aj.  Consists  of  or  contains  well-defined  small 
structure  particles,  each  of  which  is  coated  on  the  outside  with  bluish 
or  bluish-yellow  material.  The  insides  of  the  particles  are  reddish. 
Mass  is  of  loose  consistence. 

Bj.  16  to  19  inches,  a  gray  layer  consisting,  like  Bi,  of  small  structure  particles, 
each  of  which  is  covered  with  a  coating  of  gray  powdery  material,  the 
inside  of  each  particle  being  reddish  brown  or  yellowish  brown  in  color. 

Bs.  19  to  26  inches,  clay  pan  made  up  mainly  of  angular  structure  particles 
ranging  up  to  an  inch  or  less  in  diameter.  Each  particle  is  coated  with 
dense  black  material,  and  the  insides  of  the  particles  are  of  rust-yellow 
color  traversed  with  small  black  streaks. 

C.  264-  inches,  moderately  heavy  parent  material  breaking  into  irregular  clods. 
The  material  in  most  places  is  rust  yellow  or  pale  grayish  yellow  and 
contains  many  small  black  spots  and  streaks. 

METHODS    OF   EXAMINATION 

The  mechanical  analyses  were  made  by  the  pipette  method  de- 
scribed by  Olmstead,  Alexander,  and  Middle  ton  (21).  Included  with 
the  mechanica]  analyses  are  determinations  of  organic  matter  by 
hydrogen  peroxide.  This  method  as  used  is  not  one  of  precision;  and 
when  but  small  quantities  of  organic  matter  are  present  with  consid- 
erable soluble  inorganic  matter,  the  inorganic  matter  is  not  reported. 
The  chemical  analyses  of  the  soils  were  made  according  to  the  pro- 
cedure described  by  Robinson  (26).  The  colloids  were  extracted  from 
the  soils  with  the  aid  of  the  supercentrifuge  and  essentially  as  de- 
scribed by  Brown  and  Byers  (7).  In  none  of  the  horizons  extracted 
was  it  found  desirable  to  use  any  agent  to  assist  the  dispersion  in  water. 
Five  hundred  grams  of  the  soil  were  kneaded  to  a  plastic  mass  and 
dispersed  by  hand  rubbing  in  10  gallons  of  distilled  water.  The 
resulting  suspension  was  centrifuged  at  a  rate  of  17  seconds  per  liter 
at  a  speed  of  17,000  revolutions  per  minute  (diameter  of  bowl,  4  inches) 
The  colloidal  particles  remaining  suspended  were  certainly  less  than 
1  /i  in  diameter  and  probably  few  exceeded  0.3  /x.  The  dispersion  in 
the  same  water,  after  filtration,  was  repeated  four  times.  The  result- 
ing colloid  was  collected  on  Pasteur-Chamberland  filters  by  suction 
and  amounted  to  30  to  80  percent  of  the  quantity  of  colloid  shown  by 
mechanical  analysis.  The  final  drying  of  the  colloid  was  effected  on 
a  steam  bath. 

The  colloids  were  analyzed  by  the  same  methods  employed  for  the 
soils.  In  calculating  the  '* water  of  hydration'*  the  carbon  dioxide 
content,  as  well  as  that  of  the  organic  matter,  was  subtracted  from 
the  loss  on  ignition. 

The  pH  values  of  the  soils  were  determined  by  the  use  of  the  hydro- 
gen electrode  as  described  by  Bailey  (6).  The  approximate  salt  con- 
tent was  determined  by  use  of  the  electrolytic  bridge,  as  described  by 
Davis  (11).     All  samples  were  air-dried. 

The  water-vapor  absorption  of  the  colloid  was  determined  by  the 
method  described  by  Robinson  (25)  and  Middleton  (19). 

Because  of  the  large  quantity  of  analytical  data,  it  is  presented  in 
separate  tables  for  each  soil  examined,  together  with  a  brief  discussion 
of  each  table.  These  tables  are  followed  by  a  series  of  tables  which 
present  certain  data  which  are  derived  from  the  analytical  results. 
Finally  a  r6sum6  of  the  more  pertinent  features  is  presented. 

12077"— 33 ^2 
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ANALYTICAL  RESULTS 

THE  FILLMORE  PROFILE 

Fillmore  silt  loam  is  the  most  highly  weathered  of  the  group  of 
Nebraska  soils  examined.  The  data  obtained  by  mechanical  analyses 
are  presented  in  table  1.  The  chemical  analyses  of  the  whole  soil  are 
presented  in  table  2,  and  the  analyses  of  the  extracted  colloid  are  given 
m  table  3. 

Table  1. — Mechanical  analyses  of  Fillmore  silt  loam  ^ 


Sample  no. 


8095. 


Horizon 


Ai.... 

A2.... 

Bi.... 
Ba.... 

B3-  — 
B4-... 

Bj.... 
C 


Inches 
0-2 

2    -  6h 

16  -38 

38  -42 

42  -60 

60  -84 

84  -96 


fa 


Per- 
cent 
0.0 
.0 
.0 
.0 
.1 
.2 
.1 
.0 


Per- 
cent 
0.1 
.1 
.0 
.1 
.1 
.3 
.1 
.2 


II 


Per- 
cent 
0.1 
1 

1 
1 
1 
2 


I 

il 


Per- 
cent 
0.2 
.2 
.1 
.1 
.2 
.4 


Per- 
cent 
5.6 
8.1 
4.3 
4.1 
4.5 
6.4 
6.7 
4.2 


CQ 


Per- 
cent 
59.3 
60.2 
41.6 
40.0 
.54.2 
60.0 
64.3 
63.3 


Per- 
cent 
28.3 
27.6 
52.0 
54.7 
39.8 
31.8 
28.9 
31.6 


Per- 
cent 
20.2 
19.8 
48.2 
50.2 
29.8 
22.9 
23.3 
25.4 


Per- 
cent 
5.4 
2.9 
1.2 
.6 
.4 
1.1 
«.0 
«.0 


1  Analyses  by  H.  W.  Lakin  and  T.  M.  Shaw. 

«  Organic  matter  not  present  in  excess  of  0.4  percent. 

The  mechanical  analyses  indicate  a  very  striking  case  of  uniformity 
of  texture  throughout  the  profile  so  far  as  the  sands  are  concerned. 
The  chief  difference  between  the  horizons  is  in  the  relative  amounts  of 
silt  and  clay,  which  together  make  up  from  87.8  to  94.9  percent  of  the 
total  soil.  In  the  claypan  zone,  the  Bi  and  B2  horizons,  the  clay  con- 
tent is  nearly  100  percent  greater  thaa  in  Ai  and  A2  and  is  also  greater 
than  in  the  lower  horizons.  It  is  to  be  noted  that  the  coUoid  content 
is  greater,  relative  to  the  total  clay,  in  all  horizons  than  in  the  Ai  and 
A2  horizons.  These  facts  when  taken  in  conjunction  with  the  addi- 
tional fact  of  higher  organic  content  of  the  Ai  and  A2  horizons  are  indi- 
cations of  enrichment  of  the  lower  strata  by  illuviation.  These  values 
are  to  be  noted  particularly  since  translocation  of  colloid  particles, 
as  so  indicated,  is  less  marked  in  certain  of  the  other  profiles. 

Table  2,  showing  the  chemical  analyses  of  the  whole  soil,  likewise 
indicates  eluviation  of  the  upper  horizons.  The  high  silt  content  is 
reflected  in  the  high  silica  of  the  Ai  and  A2  horizons.  The  lower 
silica  and  higher  iron  and  alumina  content  of  Bi  and  B2  are  due  to 
increased  colloid  present  in  the  hardpan,  while  in  Bg  and  B4  the 
presence  of  the  carbonate  accentuates  the  decrease  in  silica  content. 
The  transfer  of  material  indicated  by  the  silica  relations  and  by  the 
increase  of  calcium  carbonate  is  also  indicated  by  the  hydrogen-ion 
concentrations  of  the  horizons  which  gradually  decrease,  with  in- 
crease of  pH,  until  the  value  corresponds  to  that  of  calcium  carbon- 
ate. The  same  relation  is  also  indicated  by  the  soluble  salts  which 
reach  a  maximum  value  in  the  layers  immediately  beneath  the  hard- 
pan.  The  high  values  of  the  potassium  and  sodium  content  of  the 
soil  and  their  relations  to  the  content  of  the  same  elements  in  the 
colloid  indicate  the  presence  of  approximately  20  percent  undecom- 
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posed  feldspars  in  the  silt.     This  indication  from  the  analyses  was 
confirmed  hj  petrographic  examination  (24)- 

The  relative  constancy  of  the  content  of  the  alkalies  and,  indeed, 
of  all  the  minor  constituents  of  the  soil,  other  than  of  magnesium  and 
calcium,  are  further  indications  of  uniformity  of  the  parent  material 
and  that  the  translocation  which  occurred  is  essentially  of  colloid 
only. 


Table  2. 

— Chemical  analys 

es  of  Fillmore  silt  loam  ^ 

Sample  no. 

Horizon 

Depth 

SiOi 

FeiO, 

AhO, 

MgO 

CaO 

K,0 

NajO 

TiOj 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

8088 

Ai... 

0-2 
2    -6H 
6H-16 
16    -38 

71.93 
75.00 
67.64 
66.70 

2.74 
2.40 
4.99 
6.18 

9.46 
10.04 
14.32 
15.05 

0.95 
.88 
1.63 
1.68 

1.25 
1.18 
1.20 
1.32 

2.31 
2.46 
2.58 
2.57 

1.45 
1.65 
1.22 
1.24 

0.53 

8089 

Aj 

.56 

8090 - 

Bi 

.63 

8091 

B?... 

.63 

8092 

B3— 

38    -42 
42    -60 
60    -84 

67.68 
62.56 
66.10 

3.85 
3.20 
3.52 

11.51 
11.64 
11.40 

2.08 
2.07 
2.00 

9.87 
7.28 
5.10 

2.24 
2.27 
2.39 

1.16 
1.51 
1.59 

.62 

8093 

B 

.64 

8094 

b; 

.65 

8095 

C 

84    -96 

67.20 

3.36 

12.00 

2.08 

4.76 

2.37 

1.43 

.57 

Sample  no. 

Horizon 

Depth 

■/'■ 
MnO 

PjOs 

Ignition 
loss 

SOi 

Total 

COj* 

N 

PH 

Soluble 
salts' 

Parts 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

rmllion 

8088 

Ai 

0-2 

0.05 

0.30 

8.88 

0.16 

100.01 

(*) 

0.33 

6.1 

300 

8089 

Aj 

2    -6H 

.04 

.21 

6.61 

.16 

100.08 

0) 

.21 

6.4 

640 

8090 

Bi 

6^-16 

.04 

.18 

6.69 

.14 

100.06 

.12 

6.7 

640 

8091 

B, 

16    -38 

.07 

.24 

6.31 

.12 

100.11 

.01 

7.1 

800 

8092 

Bs 

38    -42 

.05 

.31 

10.70 

.11 

100.08 

5.85 

.01 

8.6 

1.180 

8093 

B4 

42    -60 

.05 

.16 

8.85 

.16 

100.29 

4.15 

.03 

8.6 

1,180 

8094 

Bs 

60    -84 

.05 

.13 

7.16 

.12 

100.11 

1.79 

.04 

8.6 

1,040 

8095 

C 

84    -96 

.05 

.16 

5.60 

.12 

99.60 

1.47 

.03 

8.6 

1.060 

•  Determinations  (except  pH  and  soluble  salts)  by  J.  Q.  Smith. 

» COj  of  the  carbonates. 

» Determined  by  bridge  method. 

Trace. 

The  colloid  analyses  (table  3)  represent  the  composition  of  the 
colloid  extracted  from  the  various  horizons  by  identical  treatment. 
The  quantity  ranges  from  37  percent  of  the  total  colloid  present  to 
79  percent,  reckoning  the  quantity  of  colloid  found  by  mechanical 
analyses  as  100  percent.  The  distinctlv  acid  horizons  are  less  easily 
dispersed  than  those  approaching  the  alkaline  range.  The  more  dif- 
ficultly dispersible  material  is  also  highest  in  organic  matter.  The 
colloid  throughout  is  characterized  by  its  uniformity  of  chemical  com- 
position when  due  allowance  is  made  for  the  organic  matter  of  Ai  and 
A2  and  for  the  presence  of  carbonates  in  the  B3  and  B4  horizons.  The 
parallelism  between  the  organic  matter  and  the  content  of  manganese, 
phosphorus,  and  sulphur  is  usual.  The  deficiency  of  magnesium  in 
the  Ai  horizon  and  the  larger  quantities  of  calcium  and  potassium, 
as  compared  with  the  A2  horizon,  may  be  noted,  since  this  peculiar- 
ity is  confined  to  this  soil  t^pe  among  the  chernozems  reported  in 
this  investigation.  Though  it  is  more  frequently  encountered  in  the 
colloids  from  humid  soils,  it  is  bv  no  means  general  (9). 

The  degree  of  uniformity  of  the  colloid  composition  is  more  read- 
ily revealed  by  the  set  of  derived  data  given  in  table  4. 
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Table  3. — Chemical  analyses  of  Fillmore  sUt  loam  colloid 


Sample  no. 

Horizon 

Depth 

Colloid 

ex- 
tracted 

SiO, 

Fe20s 

AI2O3 

MgO 

CaO 

K3O 

8088 

Ai 

Inches 
0-2 

2    -  6H 
6H-16 
16    -38 
38    -42 
42    -60 
60    -84 
84    -96 

Percent 
38 
37 
79 
73 
69 
71 
69 
71 

Percent 
49.61 
61.35 
62.95 
63.80 
61.40 
52.03 
64.55 
64.68 

Percent  Percent 
7. 20       17.  59 

8. 30  18.  53 
8.94       21.62 
9. 28       21. 00 

8. 31  18. 13 
7.  76       18.  01 
7. 43       20.  60 
7. 80       20.  26 

Percent 
1.97 
2.78 
2.76 
2.60 
2.48 
2.75 
2.72 
2.68 

Percent 
1.67 
1.25 
1.37 
1.78 
5.54 
6.50 
3.04 
2.64 

Percent 
2.35 

8089 

A2 

2  52 

8090 

Bi 

2  44 

8091 

8092 

B2 

B3 

2.44 
2.03 

8093 

B4 

2  07 

8094 

8096 

g!-:::::::::: 

2.27 
2.29 

Sample  no. 

Horizon 

Depth 

NajO 

TiOj 

MnO 

P2O5 

SOj 

Igni- 
tion 
loss 

Total 

Or- 
ganic 
mat- 
ter 1 

C02» 

N 

8088 

8089 

8090 

8091 

8092. 

8093 

8094 

8095 

Ai 

A2— - 

Bi 

B2 

g-::;::::: 

Inches 

0-2 

2    -6H 

6H-16 

16    -38 

38    -42 

42    -60 

60    -84 

84    -96 

Per- 
cent 
0.42 
.45 
.39 
.22 
.60 
.40 
.46 
.41 

Per- 
cent 
0.65 
.74 
.67 
.68 
.68 
.68 
.67 
.65 

Per- 
cent 
0.13 
.11 
.09 
.09 
.08 
.08 
.06 
.05 

Per- 
cent 
0.34 
.25 
.22 
.20 
.38 
.20 
.30 
.19 

Per- 
cent 
0.28 
.19 
.10 
.09 
.14 
.12 
.11 
.08 

Per- 
cent 
18.52 
14.20 
9.03 
9.33 
10.63 
L0.47 
8.20 
8.46 

Percent 
100. 63 
100.67 
100.58 
101. 51 
100.30 
100. 07 
100.39 
100.19 

Per- 
cent 

12.73 
7.62 
2.05 
1.84 
1.46 
1.11 
.94 
.63 

Per- 
cent 

i 

2.33 
2.40 
.81 
.66 

Per- 
cent 
0.70 
.33 
.14 
.12 
.12 
.13 
.08 
.07 

'Determined  by  combustion  method  (CO3XO.471). 
CO2  of  the  carbonates. 
» Trace. 


Table  4. — Derived  data:  Fillmore  silt  loam  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 
of  hy- 
dration 

Com- 
bined 

Sample  no. 

Si02 

SiOs 
Fe203 

SiOj 
AI2O3 

FejOj 
AI2O3 

Si02> 
Total 
bases 

water 

of  the 

soil 

acid  3 

Fe203.Al203 

8088 

8089 

8090. 

Ai 

A2 

Bi 

Inches 
0-2 

2  -m 

6H-16 
16    -38 
38    -42 
42    -60 
60    -84 
84    -96 

3.76 
3.65 
3.22 
3.52 
3.73 
3.84 
3.65 
3.67 

18.20 
16.37 
15.52 
15.36 
16.39 
17.75 
19.40 
18.60 

4.75 
4.69 
4.05 
4.34 
4.80 
4.90 
4.21 
4.57 

0.262 
.287 
.259 
.283 
.293 
.276 
.231 
.246 

7.44 
6.80 
7.02 
7.05 
6.28 
6.47 
6.72 
7.00 

Percent 
5.79 
6.58 
6.98 
7.49 
6.84 
6.96 
6.45 
7.27 

Percent 
9.00 
9.65 
9.18 

8091 

8092 

B2 

B3 

9.82 
9.99 

8093 

B4-. 

Bs 

C 

9.96 

8094 

8095 

9.15 
9.80 

» Carbonates  deducted. 

*  Water  of  hydration  plus  the  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonate 
content. 

The  uniformity  of  the  ratios  is  remarkable  and,  indeed,  seems  to 
indicate  that  we  are  deaUng  with  the  same  substance  throughout  the 
profile.  There  are,  however,  differences  which  may  be  noted.  The 
silica-sesquioxide  ratio  is  higher  in  the  Ai  and  A2  than  in  the  claypan 
horizons.  There  is  a  minor  alteration  in  the  silica-ferric  oxide  ratios, 
and  of  the  ferric  oxide-alumina  ratios,  which  indicates  a  very  slight 
amount  of  fractionation  of  the  colloid  which  is  so  marked  in  podzol 
soils  (5,  7).  The  colloid  of  these  soils,  when  the  organic  matter  is 
removed  by  hydrogen  peroxide,  is  grayish  white,  and  this  would 
seem  to  indicate  that  but  a  very  small  quantity  of  ferric  oxide  or 
hydroxide  can  be  present  as  such.  The  siUca-alumina  ratio  indicates, 
as  does  also  the  presence  of  feldspars  in  the  soil,  a  comparatively  low 
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degree  of  weathering  or  of  removal  of  silica  by  leaching.  The  silica- 
total  base  ratio  is  fairly  uniform  throughout  the  profile,  though 
despite  the  supposedly  strong  base-holding  power  of  organic  matter, 
the  total  bases  present  are  least  in  the  Ai  horizon.  The  water  of 
hydration  is  somewhat  variable,  but  within  a  narrow  range. 

The  total  combined  water  of  the  soil  acid  given  in  the  last 'column 
of  table  4  is  the  sum  of  the  water  of  hydration  (the  ignition  loss  less 
the  carbon  dioxide  and  organic  matter)  and  of  the  water  equivalent 
of  the  bases  and  corrected  for  the  organic  matter  and  carbonate  con- 
tent. The  quantities  so  arrived  at  indicate  the  amount  of  water 
whicli  will  result  from  the  ignition  of  acids  of  the  types  assumed  to 
exist  in  colloids,  as  discussed  by  Brown  and  Byers  (7)  and  more  fully 
discussed  by  Byers  (8).  If  the  colloid  were  a  pure  acid,  which  of 
course  it  is  not,  and  were  of  the  montmorillonitic  type  (see  General 
Discussion),  the  water  loss  indicated  should  be  10.6  percent,  and  if  of 
the  pyrophyllic  type  it  should  be  13.6  percent. 

Too  much  reliance  on  the  vaHdity  of  these  calculations  is  to  be 
guarded  against  since,  as  will  be  more  fully  discussed  after  all  the 
data  are  presented,  they  are  affected  by  a  number  of  sources  of  error 
of  unknown  magnitude.  These  include  uncertainty  of  quantity  of 
organic  matter,  the  probable  presence  in  the  colloid  of  undecomposed 
mineral  particles  of  colloidal  size,  and  the  lack  of  evidence  that 
"combined  water"  is  limited  to  that  present  at  105°  C.  It  must  also 
be  observed  that  the  water  equivalent  of  the  bases  includes  any  bases 
present  in  the  organic  matter.  The  remarkable  uniformity  of  com- 
position indicated  by  the  corrected  water  values  in  the  last  colunin 
may,  however,  be  regarded  as  a  final  bit  of  evidence  that  the  colloid 
of  the  Fillmore  profile  is,  so  far  as  its  inorganic  material  is  concerned, 
essentially  a  definite  chemical  substance. 


THE  CRETE  PROFILE 


As  mentioned  in  the  introduction,  the  Crete  soils  are  associated 
with  the  Fillmore  soils  in  the  same  area  but  occur  where  drainage  is 
good.  Farther  west,  with  lower  rainfall,  they  occur  under  nearly  the 
same  conditions  as  do  the  Fillmore  soils  lying  to  the  east  of  them. 
The  particular  profile  for  which  analytical  data  are  given  in  tables 
5,  6,  and  7  is  from  an  area  only  a  few  miles  distant  from  the  Fillmore 
profile  given  in  tables  1,  2,  and  3.  It  has  therefore  developed  under 
practically  identical  conditions,  except  for  better  drainage  and  as  a 
consequence  with  probably  decreased  hydrolysis  and  less  leacliing. 

Table  5. — Mechanical  analyses  of  Crete  silt  loam  ^ 


Sample  no. 


Horizon 


OS    I 

O 


B^ 


Ss 


a  a 


<0  lO 


I 


CO 


i^ 


«W 


8100 

8101 

8102 

8103 

8104 


Ai 

A2 

Ai 

B, 

B, 

O 


Incha 
0  -  m 
lH-4 
4  -20 
20  -38 
38  -60 
60    -84 


Per- 
cent 
0.1 
.0 
.0 
.0 
.0 
.0 


Per- 
cent 
0.1 
.1 
.0 
.0 
.0 
.0 


Per- 
cent 
0.1 
.1 
.1 
.0 
.1 
.0 


Per- 
cent 
0.2 
.2 
.1 

.2 
.1 


Per- 
cent 
7.9 
7.4 
5.5 
4.3 
7.0 
6.3 


Per- 
cent 
70.5 
W.0 
63.6 
43.3 
62.0 
66.7 


Per- 
cent 
18.6 
23.5 
28.3 
61.0 
30.0 
26.7 


Per- 
cent 
15.9 
20.3 
24.0 
46:2 
23.7 
20.1 


Per- 
cent 
2.0 
2.4 
2.2 
.9 
».0 
>.0 


»  Analyses  by  H.  W.  Lakin  and  T.  M.  Shaw. 

I  Organic  matter  not  present  In  excess  of  0.4  percent. 
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In  mechanical  composition  (table  5)  the  lesser  degree  of  weathering, 
as  compared  with  the  Fillmore  silt  loam,  is  indicated  by  the  somewhat 
larger  percentage  of  silt  and  smaller  percentage  of  clay  in  the  Ai,  A2, 
and  A3  horizons  and  by  a  less  marked  translocation  of  colloid  to  the 
B  horizon.  Perhaps  these  differences  may  be  ascribed  to  better 
surface  drainage  on  slopes,  or  less  rain  on  flats,  and  in  part  to  better 
underdrainage  which  gives  rise  to  a  deeper  penetration  of  translocated 
colloid  before  an  impervious  layer  is  developed.  To  better  drainage 
is  to  be  ascribed,  also,  the  almost  complete  removal  of  carbonates 
from  the  profile,  as  shown  in  tables  6  and  7. 

Table  6. — Chemical  analyses  of  Crete  silt  loam  soil  ^ 


Sample  no. 


Horizon 


Depth 


SiOa 


FeaOs 


AljOs 


MgO 


CaO 


KjO 


NajO 


TiOi 


8100 

8101 

8102 

8103 

8104 


Ai- 
A2- 
A3- 
Bi-. 
Bj.. 
C. 


Inches 
0  -  IH 
lH-4 
4  -20 
20  -38 
38  -60 
60    -84 


Percent 
74.88 
74.22 
73.78 
67.24 
69.00 
71.60 


Percent 
1.36 
2.91 
3.12 
6.28 
4.72 
4.24 


Percent 
11.40 
10.26 
10.98 
13.26 
13.04 
12.30 


Percent 
0.87 
.95 
1.05 
2.07 
1.64 
1.85 


Percent 
1.30 
1.32 
1.38 
1.40 
2.40 
1.50 


Percent 
2.19 
2.31 
2.29 
2.64 
2.69 
2.74 


Percent 
1.79 


Percent 
0.62 
.61 
.62 
.62 
.60 
.68 


Sample 
no. 


8100 
8101 
8102 
8103 
8104 


Horizon 


Ai 

Aj 

A3 

Bi.. 

B2- 

C 


Depth 


Inches 

0  -  m 

IH-  4 
4  -20 
20  -38 
38  -60 
60    -84 


MnO 


Percent 

0.02 
.05 
.06 
.06 
.08 


P»05 


Percent 
0.14 
.13 
.12 
.21 
.21 
.21 


Igni- 
tion 


Percent 
5.41 
6.27 
6.53 
6.78 
4.11 
3.14 


SOj 


Percent 
0.12 
.13 
.14 
.16 
.12 
.10 


Total 


Percent 
100.08 

99.79 
100.64 

99.82 
100.02 

99.65 


C0a» 


Percent 
0.00 
.00 
.00 
.00 
.32 
.04 


Percent 
0.13 
.15 
.17 
.10 
.04 
.03 


PH 


7.2 
6.3 
6.6 
7.1 
8.6 
8.6 


Solu- 
ble 
salts' 


Parts 
per  mil- 
lion 
<298 
<29? 
<29S 
340 
1.440 
800 


'  Determinations  (except  pH  and  soluble  salts)  by  J.  Q.  Smith. 
»  CO2  of  the  carbonates. 

*  Determined  by  bridge  method. 

*  Trace. 

The  effect  of  improved  drainage  is  also  shown  in  table  6  by  the  low 
soluble  salt  content  of  the  A  horizons  and  the,  by  contrast,  high  con- 
tent of  the  layer  immediately  beneath  the  claypan.  The  drier 
average  state  of  the  Crete  soil,  as  compared  with  the  Fillmore,  is 
indicated  by  the  higher  pH  values  of  the  A  horizons  and  again  by  the 
lower  content  of  organic  matter  as  measured  by  hydrogen  peroxide 
treatment.  In  other  respects  the  general  relations  shown  by  table 
6  indicate  a  close  similarity  of  the  Crete  and  Fillmore  profiles.  If 
proper  allowance  be  made  for  the  potassium  and  sodium  in  the  colloid, 
the  results  indicate  very  clearly  the  presence  of  undecomposed 
feldspars  in  the  silt  and  very  fine  sand.  The  analysis  of  the  whole 
soil  (table  6)  indicates  essential  constancy  of  composition  except  for 
translocation  of  colloid. 

The  analyses  of  the  colloid  (table  7)  likewise  indicate  a  greater 
degree  of  permeabiHty  and  relative  dryness  of  the  Crete  soil,  which 
may  be  assumed  to  be  the  reason  for  the  marked  uniformity  of  the 
colloid.  The  quantity  extracted  by  identical  treatment  without 
dispersing  agent  is  not  widely  different  in  the  different  horizons,  the 
range  being  from  49  percent  m  the  Ai  horizon  to  78  percent  in  the  B2. 
The  colloid  differs  most  markedly  from  the  Fillmore  coUoid  in  the  low 
content  of  calcium  carbonate  in  the  lower  strata  and  in  the  organic- 
matter  content  of  the  A  horizons. 
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Sample  no. 

Horizon 

Depth 

Colloid 

ex- 
tracted 

SiOi 

FeiOi 

A1,0, 

MgO 

CaO 

K,0 

Na,0 

8099 

Ai 
Aj 
Ai 
B, 
Bt 

Inches 

0  -  m 
m-4 

4    -20 

20    -38 
38    -60 
60    -84 

Percent 
49 
65 
65 
73 
78 
70 

Percent 
60.30 
60.00 
50.11 
62.20 
63.60 
63.95 

Percent 
7.31 
7.36 
7.68 
7.79 

a  36 

8.42 

Percent 
20.88 
20.47 
20.18 
22.14 
20.03 
20.25 

Percent 
2.14 
2.08 
2.23 
2.75 
3.27 
3.14 

Percent 
1.41 
1.61 
1.45 
1.35 
1.90 
1.49 

Percent 
2.65 
2.55 
2.47 
2.40 
2.18 
2.28 

Percent 
0.39 

8100 

.40 

8101        

.40 

8102           ^ 

.32 

8103 

.81 

8104 

c 

.28 

Sample 
no. 

Horiwn 

Depth 

TiOi 

MnO 

PiO, 

SO, 

nit  ion 
loss 

Total 

Or- 
ganic 
matter » 

COj« 

N 

8099 

Ai 

Inches 

0  -  m 
m-  4 

4    -20 

Percent 
0.68 
.76 
.76 
.72 
.77 
.76 

Percent 
0.16 
.11 
.10 
.07 
.10 
.10 

Percent 
0.33 
.34 
.39 
.19 
.19 
.14 

Percent 
0.25 
.21 
.23 
.28 
.29 
.24 

Percent 
14.18 
14.66 
14.23 
10.50 
8.74 
9.16 

Percent 
100.68 
100.44 
100.23 
100.71 
99.74 
100.20 

Percent 
6.59 
7.18 
6.65 
2.28 
1.11 
.91 

Percent 
0.00 
.00 
.00 
.00 
.37 
.30 

Percent 
0.42 

8100 

Aj 

.44 

8101 

As     . 

.44 

8102 

8103 

8104 

B, 

Bj 

C 

20    -38 
38    -60 
60    -84 

.18 
.14 
.13 

I  Determined  by  combustion  method  (COj  X  0.471). 
»  COi  of  the  carbonates. 

The  average  content  of  potassium  oxide  in  the  Crete  colloid  is  2.42 
percent  and  in  the  Fillmore  is  exactly  the  same,  while  the  same  con- 
stituent is  2.40  percent  in  the  soil  of  both.  This  apparent  identity 
is  more  fortuitous  than  real,  since  the  content  of  organic  matter  and 
of  carbonates  are  both  greater  in  the  Fillmore  soil  and  colloid.  The 
figures,  however,  do  indicate  an  essentially  hke  degree  of  saturation 
of  the  two  colloids  by  this  not  readily  exchangeable  base  and  lends 
emphasis  to  the  assumption  that  both  colloids  contaia  the  same  soU 
acid.  This  assumption  is  best  estabhshed  by  a  consideration  of  the 
data  derived  from  the  colloid  analyses  and  given  in  table  8. 

Table  8. — Derived  data:  Crete  silt  loam  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 

of 
hydra- 
tion 

Com- 
bined 

Sample  no. 

SiOi 
FesOs.  AhO, 

SiOj 
FeiO, 

SiO, 
A1,0, 

Fe,0, 
AhO, 

Si0,» 
Total  bases 

water 

of  the 

sou 

acid* 

8099 

A, 

Ai 

A, 

Bi 

g^:::::: 

Inches 

0  -  m 

1^-4 

4    -20 

20    -38 

38    -60 

60    -84 

8.34 
3.37 
3.39 
3.26 
3.68 
3.57 

1&20 
18.00 
17.30 
17.70 
16.96 
16.95 

4.09 
4.14 
4.21 
4.00 
4.63 
4.61 

0.224 
.230 
.243 
.225 
.267 
.266 

7.41 
7.40 
6.72 
7.04 
6.69 
7.07 

Percent 
7.69 
7.48 
7.68 
8.22 
7.26 
7.95 

Percent 
10.28 

8100 

10.23 

8101 

8102 

10.62 
10.67 

8103 

9.88 

8104 

10.43 

»  Carbonates  deducted. 

« Water  of  hydration  plus  the  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonate 
content. 

The  siUca  sesquioxide  ratios  shown  by  the  Crete  colloid  average 
3.42,  and  those  of  the  Fillmore  average  3.63.  The  corresponding 
averages  for  the  silica-alumina  ratios  are  4.25  and  4.50,  respectively. 
Taken  bv  themselves,  these  values  seem  to  indicate  a  greater  degree 
of  hydrolysis  in  the  Crete.  It  is  probable,  however,  that  the  relatively 
small  differences  noted  are  due  to  the  removal  of  silicic  acid  by  better 
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drainage  in  the  Crete.  Some  translocation  of  iron  oxide  downward, 
i.e.,  fractionation  of  the  colloid,  is  indicated  by  the  decreasing  silica- 
ferric  oxide  ratios  and  increasing  ferric  oxide-alumina  ratios.  This 
indicates  that  podzoUzation  is  sHght. 

More  important  is  the  sihca-total  base  ratio,  which  is  nearly 
uniform  in  the  Crete  profile,  while  it  is  less  constant  in  the  Fillmore. 
In  both  soils,  however,  if  the  organic  content  of  the  colloid  is  taken 
into  account,  the  evidence  of  definite  composition  is  strong.  This 
definiteness  is  still  more  strongly  emphasized  by  the  combined  water 
of  the  soil  acids.  The  mean  value  of  this  quantity  for  the  whole 
profile  is  10.33  percent.  When  one  considers  the  known  sources  of 
error  in  computing  this  component,  aside  from  the  imavoidable 
analytical  errors,  the  constancy  is  surprising. 

THE  HASTINGS  PROFttE 

The  Hastings  silt  loam  sample,  the  analytical  data  of  which  are 
given  in  tables  9,  10,  and  11,  is  from  Sherman  County,  Nebr.,  a 
Httle  to  the  northwest  of  the  Fillmore  and  Crete  samples,  but  it  is 
representative  of  the  soils  lying  directly  west  of  the  Crete  area  and 
which  are  developed  under  lower  rainfall  than  are  the  soils  previously 
discussed. 

Table  9. — Mechanical  analyses  of  Hastings  silt  loam  ^ 


Sample  no. 


8085 


Horizon 


Ai. 

A2 

Bi 

B2 

Bs 

B4 


Inches 
0-  6 
6-  20 
20-  30 
30-  43 
43-  67 
67-  78 
78-108 


bD<-t 
I 


Per- 
cent 
0.0 
.0 
.0 
.0 
.0 
.1 
.0 


Per- 
cent 
0.1 

!o 

.0 
.0 
.1 
.1 


^S 


Per- 
cent 
0.1 
.0 
.0 

!l 

!l 


Per- 
cent 
0.3 
.2 
.1 
,1 
.1 
.2 
.1 


Per- 
cent 
12.9 
9.1 
9.3 
11.1 
15.1 
19.5 
18.6 


Per- 
cent 
68.4 
67.1 
49.1 
48.1 
54.6 
57.1 
57.6 


Per- 
cent 
24.3 
30.8 
40.9 
39.9 
29.6 
22.5 
23.0 


Per- 
cent 
21.9 
27.0 
35.8 
34.0 
23.0 
14.8 
16.6 


"3  >> 

6 


Per- 
cent 
3.5 
2.2 
.6 
.6 
.6 
.4 
.6 


1  Analyses  by  H.  W.  Lakin  and  T.  M.  Shaw. 


The  data  given  in  table  9  indicate  that  the  lower  rainfall  and  con- 
sequent lessened  percolation  have  produced  less  differentiation 
between  silt  and  clay  in  the  A  and  B  horizons  than  in  the  Fillmore 
and  Crete  soils  and  may  be  responsible  for  the  greater  quantities 
of  very  fine  sand.  This  condition  results  in  greater  permeability, 
more  complete  drying  between  rains,  and  deeper  penetration  of  the 
smaller  quantity  of  water  available.  These  characteristics  of  the 
soil  are  also  shown  by  the  data  given  in  table  10  by  the  less  sharp 
concentration  of  carbonates  and  at  a  greater  depth,  by  the  mild 
acidity  of  the  upper  four  horizons,  by  the  uniformity  of  the  distribu- 
tion of  the  sihca,  and  by  the  increased  sodium  content  of  the  soil. 
As  in  the  previous  profiles,  the  presence  of  unweathered  feldspars  is 
indicated. 
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Table  10. — Chemical  analyses  of  Hastings  silt  loam  soil  * 


Sample  no. 

Horizon 

Depth 

SlOi 

Fe,0, 

AljOs 

MgO 

CaO 

K,0 

NajO 

TIO, 

Ai 

Inches 
0-    6 
6-  20 
20-  30 
30-  43 
43-  57 
57-  78 
78-108 

Percent 

71.48 
70.98 
69.92 
69.34 
70.46 
70.69 
70.96 

Percent 
2.99 
3.43 
4.24 
4.43 
4.13 
3.94 
3.92 

Percent 
12.20 
13.41 
14.00 
14.32 
14.01 
13.60 
12.80 

Percent 
0.97 
1.05 
1.34 
1.50 
1.52 
1.41 
1.69 

Percent 
1.60 
1.44 
1.33 
1.57 
1.75 
2.41 
1.88 

Percent 
2.47 
2.38 
2.42 
2.62 
2.51 
2.45 
3.07 

Percent 
1.62 
1.53 
1.38 
1.09 
1.54 
1.47 
1.49 

Percent 
0.69 

8080 

8081  .  ..  . 

Aj 

Bi 

.60 
.60 

8082 

Bj     . 

.61 

8083 

Bj 

.69 

8084 

B 

.61 

8085.. 

C 

58 

Sample 
no. 

Horizon 

Depth 

MnO 

PjO. 

Ignition 
loss 

SOi 

Total 

COi« 

N 

PH 

Soluble 
salts* 

8079 

J 

] 

ii 

Inches 
0-    6 
6-  20 
20-  30 
30-  43 
43-  57 
67-  78 

Percent 
0.05 
.06 
.06 
.05 
.06 
.06 

Percent 
0.13 
.14 
.13 
.14 
.22 
.15 

Percent 
6.05 
6.28 
4.72 
4.36 
3.66 
3.79 

Percent 
0.19 
.19 
.16 
.16 
.14 
.15 

Percent 
100.34 
100.48 
100.28 
100.19 
100.58 
100.63 

Percent 
0.00 
.00 
.00 
.14 
.13 
.46 

Percent 
0.22 
.15 
.08 
.07 
.03 
.03 

6.3 
6.1 
6.7 
6.8 
7.2 
8.3 
8.3 

Parts 
per 
million 
<298 

8080 

<298 

8081 

<298 

8082 

8083 

8084 

<298 
920 
900 

8085 

^ 

78-lC 

18 

.06 

.26 

3.47 

.10 

100.17 

.25 

.01 

680 

'  Determinations  (except  pH  and  soluble  salts)  by  J.  Q.  Smith. 

*  COa  of  the  carbonates. 

*  Determined  by  bridge  method. 

In  the  colloid  analyses  of  table  11  may  be  noted  the  high  organic 
content  of  the  A  horizons,  which  is  associated  with  increased  sulphur 
and  phosphorus,  although  the  organic  content  is  lower  than  that  of 
the  Fillmore  profile.  A  point  of  considerable  interest  is  that  colloidal 
calcium  carbonate  exists  throughout  the  profile  in  small  quantity, 
though  the  quantity  in  the  soil  itself  is  so  small  that  it  was  not  re- 
ported for  the  upper  three  layers  of  the  soil.  An  interesting,  though 
not  surprising,  result  of  the  increased  permeability  of  the  soil  is  that 
though  the  weathering  is  less,  as  indicated  by  the  colloid  content 
(table  9),  the  leaching  of  that  which  is  produced  is  greater,  as  indi- 
cated by  base  content  shown  in  table  11,  as  compared  with  tables  3 
and  7. 

Table  11. — Chemical  analyses  of  Hastings  silt  loam  colloids 


1 

Colloid 

Sample  no. 

Horizon 

Depth 

extract- 
ed 

SiOi 

Fe,0, 

AlaOs 

MgO 

CaO 

K,0 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

8079       

At 

0-    6 
6-  20 

65 
66 

48.81 
k90 

7.50 
7.50 

20.28 
21.42 

2.37 
2.33 

1.09 
1.02 

1.77 

8080... 

A: 

2.24 

8081 

Bi 

20-  30 
30-  43 
43-  57 
57-  78 
78-108 

84 
78 
63 
65 
66 

61.75 
53.41 
54.52 
55.10 
64.79 

7.82 
7.33 
8.21 
8.18 
8.31 

22.40 
22.19 
19.99 
19.51 
19.92 

2.61 
2.87 
3.18 
3.15 
3.19 

1.04 
1.21 
2.00 
2.58 
2.07 

2.26 

8082    

B2— 

2.04 

808;i 

Ih 

2.23 

8084 

Bi      

2.30 

8086 

C 

2.15 

Sample  no. 

Horizon 

Depth 

NajO 

Ti0» 

MnO 

P»0. 

SOi 

loss 

Total 

Or- 
ganic 
mat- 
ter* 

COi» 

N, 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Inches 

cent 

cent 

cent 

cent 

cent 

cent 

Percent 

cent 

cent 

cent 

8079. 

Ai 

0-    6 

0.24 

0.71 

0.09 

0.28 

0.26 

17.25 

100.63 

7.19 

0.58 

0.45 

8080 

As 

6-  20 

.21 

.61 

.07 

.17 

.31 

14.69 

100.47 

6.91 

.12 

.36 

8081. 

B, 

20-  30 

.19 

.62 

.07 

.11 

.20 

11.56 

100.62 

2.35 

.05 

.18 

8082 

B2 

30-43 

.17 

.66 

.06 

.12 

.16 

10.21 

100.43 

1.48 

.08 

.12 

8083 

Bs 

43-57 

.31 

L04 

.07 

.26 

.17 

8.95 

100.84 

1.02 

.34 

.06 

8084 

B4 

67-  78 

.26 

.76 

.07 

.23 

.19 

8.68 

100.92 

.86 

.25 

.06 

8085 

C 

78-108 

.23 

.67 

.06 

.21 

.17 

8.76 

100.68 

L08 

.28 

.07 

I  Determined  by  combustion  method  (CO2XO.47I). 
'  COj  of  the  carbonates. 

12077°— 33 3 
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The  essential  characteristics  of  the  colloids  of  the  profile  are  indi- 
cated by  the  derived  data  shown  in  table  12. 

Table  12. — Derived  data:  Hastings  silt  loam  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 
of  hy- 
dration 

Com- 
bined 

Sample  no. 

SlOj 

Si02 
FeaOs 

Si02 

AI2OJ 

Fe203 
AhOs 

SiOji 
Total  bases 

water 

of  the 

soil 

acid» 

FeaOa.AbOa 

8079 

8080 

A, 

A2 

Inches 
0-    6 
6-  20 
20-  30 
30-  43 
43-  57 
57-  78 
78-108 

3.30 
3.23 
3.05 
3.37 
3.66 
3.78 
3.68 

17.22 
17.63 

17.52 
19.30 
17.  55 
17.85 
17.45 

4.08 
4.17 
3.92 
4.08 
4.62 
4.79 
4.66 

0.237 
.224 
.223 
.212 
.263 
.268 
.267 

9.23 
8.19 
7.88 
7.58 
6.70 
6.35 
6.39 

Percent 
9.48 
8.67 
9.15 
8.65 
7.59 
7.57 
7.40 

Percent 
11.98 
11  20 

8081 — 

8082 

Bu- — 

B2               .    . 

11.40 
10  92 

8083 - 

8084.-- 

B3- - 

B4 

10.23 
10.55 

8085     

C 

10.06 

1  Carbonates  deducted. 

*  Water  of  hydration  plus  water  equivalent  of  the 
content. 


bases,  corrected  for  organic  matter  and  carbonate 


The  silica-sesquioxide,  silica-alumina,  and  silica-total  base  ratios 
all  indicate  a  sharp  transition  to  colloid  characteristic  of  the  C 
horizon  at  a  depth  of  43  inches.  This  may  be  taken  to  mean  that 
the  zone  of  carbonate  accumulation  has  been  weathered  to  practi- 
cally the  same  extent  as  has  the  C  horizon.  The  increased  leaching 
of  the  colloid,  heretofore  mentioned,  is  shown  by  the  low^er  silica- 
sesquioxide  and  silica-alumina  ratios  of  the  Hastings  colloid,  as 
compared  with  the  Fillmore  (table  4).  The  leaching  effect  is  accom- 
panied by  incipient  fractionation  of  the  colloid,  as  shown  by  slight 
alterations  in  the  silica-iron  oxide  and  iron  oxide-alumina  ratios.  On 
the  whole,  however,  the  composition  of  the  colloid  is  essentially  the 
same  throughout  the  profile,  so  far  as  its  inorganic  negative  complex 
is  concerned,  and  the  differences  are  due  to  the  translocation  of 
colloid  as  a  whole.  The  silica-total  base  ratios  indicate  the  slightly 
more  extensive  leaching  of  the  bases  from  the  upper  horizons.  The 
attention  of  the  reader  is  again  directed  to  the  water  relations.  The 
greater  leaching  of  the  colloid,  despite  less  water,  is  shown  by  the 
magnitude  of  the  water  of  hydration,  as  compared  with  the  corre- 
sponding quantities  shown  by  tjie  Fillmore  and  Crete  soils,  and  cor- 
responds to  the  assumed  existence  of  a  definite  soil  acid.  The  water 
of  hydration  decreases  as  the  ratio  of  silica  to  total  base  decreases; 
i.e.,  with  increase  of  base  saturation.  When  to  the  water  of  hydra- 
tion is  added  the  water  equivalent  of  the  bases  and  these  values  are 
corrected  for  organic  matter  and  calcium  carbonate  content,  the 
quantities  listed  in  the  last  column  of  table  12  are  shown.  While 
these  quantities  are  not  so  constant  as  those  for  the  Fillmore  and 
Crete  soils,  they  are  very  important  as  exceeding  by  a  small  margin 
the  maximum  content  to  be  expected  for  montmorillonitic  acid  (7), 
though  short  of  the  quantities  required  for  pyrophyllic  acid  {8). 
(See  General  Discussion,  p.  37.) 


THE   HOLDREGE   PROFILE 


The  Holdre^e  silt  loam  profile  reported  in  tables  13,  14,  and  15 
was  collected  m  Phelps  County,  Nebr.,  still  farther  west,  in  a  drier 
area  and  at  a  greater  elevation  than  those  previously  discussed. 
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Table  13. — Mechanical  analyses  of  Holdrege  silt  loam  * 


^ 

1 

•o 

1 

•o 

d 
1 

o 

o 

1 

¥ 

Sample  no. 

Horizon 

5 

1 

la 
1 

11 

go 

If 

If 

(DO 

1^^ 

1 

^1 

1 

|g 

1 

s 

sa 
a 
>> 

OS 

1 

^a 

o 

Q 

(>< 

O 

h 

> 

CO 

O 

o 

o 

Inches 

Pet. 

Pet. 

Pd. 

Prt. 

Prf. 

Prf. 

Pd. 

Prf. 

Pd. 

9215 

Ai 

0-  4 
4-  7 

0.0 

0.1 

0.1 

.1 

0.2 

16.0 
12.0 

59.5 
59.4 

20.7 
24.2 

18.3 
20.5 

3.6 

9216 

Ai 

3.4 

9217 

Aj 

7-18 
18-30 

.0 

.0 

.1 

10.2 
10.8 

57.2 
50.1 

29.5 
37.4 

28.1 
31.5 

2.4 

9218... 

B, 

.8 

9219 

Bi     

30-49 
49-72 

.1 
.0 

.  1 

.1 
.1 

13.9 
13.8 

57.7 
62.0 

27.7 
23.0 

22.1 
16.7 

».o 

9220 

B». 

».C 

9221 

C 

72-96 

.1 

.1 

.2 

12.8 

64.3 

22.1 

17.0 

».o 

>  Analyses  by  H.  W.  Lakin  and  T.  M.  Shaw. 

•  Organic  matter  not  present  in  excess  of  0.4  percent. 

This  soil  is  different  from  those  previously  discussed  in  that  it  can 
scarcely  be  said  to  have  either  a  distinct  hardpan  or  a  zone  of  car- 
bonate accumulation,  though  developed  from  the  same  parent 
material. 

The  mechanical  analyses  (table  13)  indicate  a  very  marked  uni- 
formity of  texture  throughout  the  profile,  the  maximum  difference 
in  clay  content  being  between  the  Ai  horizon  and  the  Bi,  and  this 
difference  but  11  percent  of  the  whole  soil.  The  decrease  in  weather- 
ing is  most  sharpl}'^  indicated  by  the  higher  values  of  the  very  fine 
sand  content  as  compared  with  the  soils  previously  discussed.  This 
relative  coarseness  is  most  marked  in  the  Ai  horizon  and  may  have 
been  effected  bv  wind  erosion.  It  would  appear  that  the  transloca- 
tion of  the  colloid  is  less,  by  reason  of  the  lesser  rainfall.  At  the 
same  time,  the  soil  is  more  permeable  and  less  weathered. 

Table  14. — Chemical  analyses  of  Holdrege  silt  loam  soil  ^ 


Sample  no. 


9215 

9216 - 

9217 

9218 

9219 

9220 

9221 


Horizon 


Ai 
Aa 
As 
B, 

B2 
B3 

C. 


Depth 


Inches 

0-  4 

4-  7 

7-18 

18-30 

30-49 

49-72 

72-96 


SlOi 


Percent 
72.46 
72.82 
72.40 
68.34 
70.76 
71.84 
70.00 


Fe20» 


Percent 
1.92 
2.72 
3.28 
3.84 
3.28 
3. 52 
3.68 


AhOi 


Percent 
11.68 
10.88 
11.76 
16.38 
13.34 
12.90 
13.02 


MgO 


Percent 
0.96 


1.61 
1.67 
1.47 
1.73 


CaO 


Percent 
1.52 
1.64 
1.50 
1.60 
1.64 
2.22 
2.40 


K2O 


Percent 
2.46 
2.47 
1.92 
2.34 
2.67 
2.27 
2.40 


NajO 


Percent 
1.88 
1.70 
1.89 
L50 
2.68 
1.43 
2.40 


TiOi 


Percent 
■  0.62 
.65 
.68 
.62 
.62 
.55 
.62 


Sample 
no. 


9216. 
9216. 
9217. 
9218. 
9219. 
9220. 
0221. 


Horizon 


Ai 

Aj 

A, 

B, 

Bj 

B3 

C 


Depth 


Inches 
0-  4 
4-  7 
7-18 
18-30 
30-49 
49-72 
72-96 


MnO 


Percent 
0.04 
.06 
.06 
.05 
.06 
.04 
.03 


PjO, 


Percent 
0.18 
.18 
.16 
.17 
.19 
.19 
.13 


Ignition 


Percent 
6.43 
6.13 
5.02 
4.75 
3.55 
3.76 
3.61 


SOs 


Percent 
0.19 
.IS 
.23 
.16 
.16 
.16 
.15 


Total 


Percent 
100.13 
100.32 
100.46 
100.26 
100.30 
100.34 
100.17 


COt» 


Percent 
0.00 
.00 
.00 
.00 
.00 
.22 
.33 


Percent 
0.22 
.18 
.15 
.08 
.04 
.03 
.03 


PH 


Soluble 
salts* 


Parts 

per 

million 

560 

700 

440 

560 

420 

1,300 

1.200 


» Determinations  (except  pH  ana  soluble  salts)  by  J.  Q.  Smith. 
•  CO2  of  the  carbonates. 
'Determined  by  bridge  method. 
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The  data  in  table  14  indicate  that,  while  the  permeability  of  the 
soil  has  allowed  the  practically  complete  removal  of  calcium  carbonate 
from  the  profile  to  a  depth  of  50  inches  and  has  not  resulted  in  a 
marked  accumulation  of  carbonate,  at  least  to  a  depth  of  96  inches, 
the  colloid  is  not  excessively  leached.  The  zone  of  accumulation  of 
soluble  salts,  as  shown  by  the  bridge  reading,  is,  however,  immediately 
beneath  the  layer  which,  in  an  area  of  greater  rainfall,  would  consti- 
tute the  claypan.  In  this  soil,  as  in  all  the  others,  the  presence  of 
undecomposed  feldspars  is  sharply  evident. 

Table  15. — Chemical  analyses  of  Holdrege  silt  loam  colloid 


Sample  no. 


9215- 
9216- 
9217. 
9218. 
9219. 
9220. 
9221- 


Horizon 


Colloid 

Depth 

extract- 
ed 

SiOj 

Fe203 

AI2O3 

MgO 

CaO 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

0-  4 

69 

49.91 

7.25 

19.38 

2.57 

1.29 

4-  7 

60 

49.55 

7.15 

19.11 

2.33 

1.48 

7-18 

60 

60.20 

7.61 

19.93 

2.58 

1.45 

18-30 

75 

62.76 

7.60 

21.45 

2.94 

1.49 

80-49 

72 

64.10 

7.86 

19.30 

3.19 

2.09 

49-72 

78 

64.42 

8.20 

19.66 

3.11 

2.54 

72-96 

64 

64.35 

8.54 

19.45 

3.08 

2.44 

1 

KjO 


Percent 
2.69 
2.56 
2.27 
2.39 
2.16 
2.28 
2.37 


Sample  no. 


9215. 

9216 — . 

9217-. 

9218 

9219 

9220- 

9221 


Horizon 


Ai 

A2..... 

A3 

B, 

B2 

B3 

C 


Depth 


Inches 

0-  4 

4-  7 

7-18 

18-30 

30-49 

49-72 

72-96 


Na20 


Pet. 

0.18 
.25 
.24 
.21 
.50 
.34 
.37 


TiOj 


Pet. 

0.70 
.54 
.64 
.69 
.73 
.75 
.73 


MnO 


Pet. 

0.21 
.14 
.16 
.12 
.11 
.10 
.13 


PjO» 


Pet. 

0.28 
.10 
.29 
.20 
.26 
.24 
.28 


SO3 


Pet. 

0.29 
.33 
.27 
.21 
.34 
.24 
.21 


Igni- 
tion 
loss 


Pet. 
15.18 
16.57 
14.55 
10.66 
9.67 
8.81 
8.93 


Total 


Pet. 

99.93 
100.17 
100.19 
100.71 
100.30 
100.69 
100.88 


Or- 
ganic 
mat- 
ter 1 


Pet. 
7.49 
9.11 
6.33 
2.37 
1.62 
.77 
1.21 


CO2' 


Pet. 

0.21 
.10 
.00 
.18 
.23 
.18 
.14 


Pet. 
0.51 
.55 
.41 
.16 
.17 
.12 
.13 


1  Determined  by  combustion  method  (CO2  X  0.471). 
»  CO2  of  the  carbonates. 

The  data  presented  in  table  15  indicate  that  considerably  more 
organic  matter  exists  in  colloidal  form  than  is  the  case  with  either  the 
Hastings  or  Crete  soils.  Whether  this  be  a  result  of  the  lessened 
activities  of  bacteria  in  a  drier  area  or  a  result  of  the  differences  in 
grass  cover  is  not  to  be  determined  from  the  data  at  hand.  In  almost 
all  other  respects  the  analyses  of  the  Holdrege  colloid  are  strikingly 
similar  to  those  of  the  Hastings  colloid.  The  differences  which  exist 
are  more  clearly  revealed  by  the  derived  data  assembled  in  table  16. 


Table  16 

. — Derived  data:   Holdrege  silt  loam  colloid 

Horizon 

Depth 

Molecular  ratio 

Water 
of  hy- 
dration 

Com- 
bined » 
water 
of  the 
soil  acid 

Sample  no. 

Si02 
Fe203.Al203 

Si02 

Fe203 

Si02 

AI2O3 

Fe203 
AI2O3 

Si02i 
'I'otal 
bases 

9215 -- 

Ai 

Inches 
0-  4 
4-  7 
7-18 
18-30 
30-49 
49-72 
72-96 

3.52 
3.55 
3.43 
3.39 
3.77 
3.70 
3.70 

18.24 
18.41 
17.45 
18.35 
18.25 
17.55 
16.85 

4.36 
4.39 
4.27 
4.16 
4.76 
4.68 
4.71 

0.239 
.239 
.245 
.227 
.261 
.267 
.281 

7.37 
7.26 
7.06 
7.04 
6.31 
6.10 
6.10 

Percent 
7.48 
7.36 
8.22 
8.11 
7.82 
7.86 
7.58 

Percent 
10.16 

9216 

9217 

9218 

9219 

A2 

A3- 

Bi- 

B2 

10.86 
11.04 
10.65 
10.68 

9220.     

B3 

10.66 

9221 

c 

10  40 

>  Carbonates  deducted. 

*  Water  of  hydration  plus  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonate 
content. 
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The  mean  value  of  the  silica-sesqiiioxide  ratio  in  the  Holdrege 
colloid  is  3.58,  in  the  Hastings  3.44.  The  corresponding  values  for  the 
silica-iron  oxide  ratios  are  17.87  and  17.80,  respectively,  and  for  the 
silica-alumina  ratios  4.76  and  4.33,  respectively.  These  all  indicate 
less  leaching  of  the  Holdrege  profile.  This  indication  is  also  fur- 
nished by  smaller  numerical  values  of  the  siHca-total  base  ratios  of 
the  upper  layers  of  the  profile.  The  silica-iron  oxide  ratios  and  the 
iron  oxide-alumina  ratios  of  the  three  A  horizons  compared  with  those 
for  the  Bi  horizon  show  but  the  faintest  trace  of  fractionation  of  the 
colloid.  The  translocation  of  colloid  from  the  surface  downward  is  of 
the  colloid  as  a  whole.  The  combined  water  of  the  soil  acid  indicates 
essentially  constant  composition  of  the  colloid. 

THE  KEITH   PROFILE 

The  analyses  of  the  Keith  profile  are  given  in  tables  17,  18,  and  19. 
These  samples  were  collected  in  Dundy  County,  Nebr.,  where  the 
annual  rainfall  is  approximately  18  inches.  The  chestnut-brown 
soil  which  develops  is  essentially  free  from  claypan  but  has  a  normal 
development  of  a  zone  of  carbonate  accumulation,  whereas  the  Fill- 
more soil,  under  a  rainfall  of  32  inches,  develops  a  very  marked  clay- 
pan  and  carbonate  layer.  The  intermediate  soils  show  claypan 
development  and  less  marked  carbonate  accumulations. 

Table  17. — Mechanical  analyses  of  Keith  silt  loam  * 


T 

0^ 

1 
e5 

i 

I 

o 
1 

1^ 

« 

^ 

-a 

"a 

O'g' 

"^a 

1  _ 

8 

^5 

Sample  no. 

Horlron » 

I'a 
1 

a^ 

so 

1^ 

T3  g 

CO 

1 

^a 
sa 

a 

08 

sa 
2  a 

0w 

'f 

Q 

Pm 

^ 

> 

02 

O 

o 

o 

Inches 

Pet. 

Pd. 

Pd. 

Pd. 

Pd. 

Pd. 

Pd. 

Pd. 

Pd. 

9222 

Ai         

0   -    H 

0.1 

0.1 
.2 

0.1 
.1 

0.4 
.4 

31.2 
26.6 

47.4 
47.8 

18.4 
22.8 

16.2 
20.0 

1.8 

9223 

Aj 

1.2 

9224... 

Bi 

3^-14  . 

.1 

.0 

.3 

24.9 

46.4 

26.4 

22.2 

1.3 

9225 

B2-. 

14    -21 

.1 

.1 

.3 

23.3 

48.2 

26.8 

23.7 

.5 

9226 

5 

21    -33 
33    -40 

.0 
.0 

.1 
.0 

.1 
.0 

.2 
.2 

25.4 
26.7 

44.5 
47.6 

28.9 
24.8 

24.4 
18.1 

1 

9227 

6 

».0 

9228 

7 

40    -48 

.0 

.0 

.0 

.2 

29.3 

48.6 

21.2 

15.1 

».0 

9229 

8 

48    -72 

.0 

.0 

.1 

.2 

30.5 

50.4 

18.3 

13.2 

».o 

9230 

9. 

72    -96 

.0 

.0 

.1 

.2 

31.6 

49.8 

17.6 

13.2 

«.o 

1  Determinations  by  H.  W.  Lakin  and  T.  M.  Shaw. 

•  C  horizons  not  distinguishable  in  the  field. 

»  Organic  matter  not  present  in  excess  of  0.4  percent. 

In  this  soil  the  horizonal  development  is  indistinct,  even  in  the  upper 
part,  and  quite  markedly  so  at  lower  depths.  However,  the  samples 
are  marked  Ai,  A2,  Bi,  and  B2  for  the  upper  part,  and  the  lower 
samples  are  simply  numbered.  Table  17,  when  compared  with  table 
13,  reveals  definite  differences  between  the  Keith  and  Holdrege  soils. 
The  Keith  has  a  much  higher  very  fine  sand  fraction  and  definite 
quantities  of  fine  sand.  The  silt  and  clay  together  make  up  only 
about  two  thirds  of  the  surface  layer,  and  the  colloid  content  is  low. 
Surface  removal  of  colloid  is  indicated,  and  wind  erosion  is  a  possible 
cause.  Certainly  only  a  relatively  small  concentration  of  colloid  in 
the  lower  strata  is  to  be  noted. 
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Table  18. — Chemical  analyses  of  Keith  silt  loam  soil  ^ 


Sample  no. 

Horizon  > 

Depth 

SiO, 

FejOi 

A1,0, 

MgO 

CaO 

K2O 

NajO 

TIOi 

9222 

Ai 

Inches 
0    -    Vi 

14    -21 
21    -33 
33    -40 

40    -48 
48    -72 
72    -96 

Percent 
72.82 
71.00 
71.10 
71.46 
68.22 
64.80 
65.82 
69.68 
69.36 

Percent 
3.04 
3.44 
3.60 
3.92 
3.60 
3.68 
3.36 
3.36 
3.36 

Percent 
10.86 
11. 66 
12.02 
11.88 
12.00 
11.84 
11.84 
11.88 
11.42 

Percent 
1.06 
1.17 
1.26 
1.44 
1.65 
1.66 
1.63 
1.67 
1.63 

Percent 
1.86 
1.88 
1.88 
2.08 
3.94 
6.14 
5.44 
4.30 
4.46 

Percent 
2.48 
2.34 
2.32 
2.28 
2.82 
2.45 
2.48 
1.98 
2.51 

Percent 
2.35 
2.23 
2.10 
2.15 
1.92 
1.42 
1.99 
1.06 
1.38 

Percent 
0.60 
.60 
.64 
.64 
.58 
.60 
.58 
.57 
.58 

9223 

9224 

9226 

9228 

A2 

Bu 

B, 

5 

9227.. 

9228 

6. 

7 

9229 

8 

9230 

9 

. 

Sample 
no. 

Horizon ' 

Depth 

MnO 

P2O5 

Ignition 
loss 

SO3 

Total 

COa* 

N 

PH 

Soluble 
salts  * 

9222 

9223 

9224 

9225 

9226. 

9227 

9228 

9229. 

9230 

Ai 

A2 

Bi- 

B2 

5... 

6... 

7-- 

8-.. 

9.. 

Inches 
0-34 

3^-  m 
314-14 

14    -21 
21    -33 
33    -40 

40    -48 
48    -72 
72    -96 

Percent 
0.02 
.03 
.03 
.04 
.03 
.05 
.05 
.07 
.05 

Percent 
0.10 
.11 
.09 
.09 
.08 
.19 
.18 
.15 
.16 

Percent 
4.63 
5.55 
4.70 
3.90 
4.94 
6.98 
6.33 
5.34 
6.08 

Percent 
0.16 
.14 
.18 
.20 
.24 
.15 
.30 
.23 
.16 

Percent 
99.98 
100.15 
99.92 
100.08 
100.02 
99.96 
100.00 
100.27 
100.15 

Percent 

0.05 

.03 

.03 

.10 

1.48 

3.83 

3.04 

2.42 

2.24 

Percent 
0.14 
.17 
.12 
.09 
.09 
.05 
.04 
.03 
.03 

7.4 

7.4 
7.6 
8.2 
8.5 
8.4 
8.5 
8.6 
8.6 

Parts 

mfuion 

680 

500 

400 

1.160 

1,400 

1.480 

1,460 

1,460 

1,400 

1  Determinations  (except  pH  and  soluble  salts)  by  J.  G.  Smith. 

»  C  horizons  not  distinguishable  in  the  field. 

»  CO2  of  the  carbonates. 

*  Determined  by  bridge  method. 

Table  19. — Chemical  analyses  of  Keith  silt  loam  colloid 


Col- 

Sample no 

Horizon  1  . 

Depth 

loid  ex- 
tracted 

SiOj 

Fe20, 

AI2O3 

MgO 

CaO 

KjO 

Inches 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

9222 

Ai 

0    -    H 
li-  33^ 

33^-14 
14    -21 
21    -33 

46 
46 
79 

61. 92 
61.45 
51.80 

6.92 
6.92 

7.  13 

19.13 
18.61 
19.67 

3.00 
2.64 
3.07 

2.12 
2.21 
2.70 

2  42 

9223 

A2 - 

2.41 

9224         

Bi             

2  33 

9225 

B9 

76 

87 

53-.  00 
47  80 

7.22 
6  19 

20.49 
17  88 

3.37 

1.93 

7  59 

2  34 

9226 

5 

2  16 

9227         

6      

33    -40 

40    -48 

89 
68 

43.60 
46.00 

6.39 

6.77 

16.  62         3.  31 

11.92 
9.72 

1  82 

9228.- 

7 

17.  58 

3.39 

L91 

9229 

8 

48    -72 

92 

49  50 

6  45 

19  09 

3  48 

6  54 

2  12 

9230           

9 

72    -96 

90 

62.61 

6.98 

19.76 

3.52 

3.63 

2  21 

Sample  no. 

Horizon ' 

Depth 

NasO 

TiO, 

MnO 

P2O5 

SO3 

Igni- 
tion 
loss 

Total 

Or- 
ganic 
mat- 
ter* 

CO2' 

N 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Inches 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

9222... 

Ai— -- 

0-3^ 

0.24 

0.66 

0.19 

0.29 

0.28 

13.  43 

100.60 

5.32 

0.00 

0.37 

9223 

A2.- 

H-  33^ 

.29 

.71 

.22 

.36 

.25 

14.  38 

100.  45 

6.32 

.09 

.48 

9224 

B, 

334-14 

.28 

.72 

.13 

.22 

.24 

13.05 

101.34 

0.68 

.CO 

.31 

9225— 

B2 

14    -21 

.45 

.67 

.08 

.11 

.16 

11.09 

100.  91 

2.98 

.22 

.23 

9226 

5 - 

21    -33 

.43 

.54 

.09 

.27 

.17 

13.94 

100.57 

1.67 

4.71 

.16 

9227 

6. 

7. 

33    -40 

40    -48 

.37 
.39 

.51 
.52 

.11 
.12 

.29 
.23 

.15 
.13 

16.70 
15.03 

100.79 
100.79 

1.75 
1.86 

8.34 
6.46 

.14 

9228 

.08 

9229 

8 

48    -72 

.38 

.56 

.11 

.20 

.13 

12.  33 

100.89 

1.21 

3.66 

.13 

9230 

» 

72    -96 

.34 

.66 

.09 

.21 

.14 

10.71 

100.85 

.89 

L32 

.10 

'  C  horizons  not  distinguishable  in  the  field. 

'  Determined  by  combustion  method  (CO2XO.471). 

*  CO2  of  the  carbonates. 
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The  data  given  in  table  17  show  in  the  layer,  3V.>  to  14  inches, 
incipient  clavpan  structure,  and  there  is  a  corresponding  increase  of 
the  water-soluble  salts  in  the  next  lower  stratum  (table  18).  In  the 
fifth  and  sixth  laj^ers  is  found  the  zone  of  carbonate  accumulation. 
The  whole  profile  indicates  a  very  low  degree  of  weathering  and  also 
of  leaching.  The  high  pH  values  and  low  loss  on  ignition  are  both 
indicative  of  these  facts.  The  relativelv  unweathered  state  is  also 
indicated  by  the  mechanical  analyses  and  by  the  high  potassium  and 
sodium  content.     Abundant  feldspar  content  is  evident. 

The  organic-matter  content  of  the  colloid  (table  19)  is  less  in  the 
Keith  soil  than  in  its  neighbor,  the  Holdrege,  but  to  what  extent  this 
is  due  to  better  oxidation  or  less  abundant  vegetation  is  not  evident. 
Low  organic  content  is  characteristic  of  chestnut-brown  soils.  The 
colloid  composition  is  uniform  throughout  the  profde  except  for  the 
increased  content  of  organic  matter  and  sulphur  in  the  upper  strata 
and  of  carbonate  in  the  lower  part.  It  is  again  evident  that  trans- 
location of  colloid  is  as  a  whole  to  whatever  extent  it  has  occurred. 
The  derived  data  on  this  profile  are  given  in  table  20. 

Table  20. — Derived  data:  Keith  silt  loam  colloid 


Horizon  ' 

Depth 

Molecular  ratio 

Water 

of 
hydra- 
tion 

Com- 
bined 

Sample  no. 

SiOj 

SiOi 
Fe,0, 

SIOi 
AhOa 

FeiOj 
AhOa 

SiOj' 
Total 
bases 

water 

of  the 

soil 

Fej03.AlsO& 

acid' 

9222 

Ai 

Ai 

Bi      ...  - 

Ivches 

0    -    H 

1.^  3H 

3H-H 

14    -21 

21     -33 

33    -40 

40    -48 

48     -72 

72    -96 

3.74 
3.78 
3.62 
3.58 
3.71 
3.69 
3.67 
3.61 
3.72 

19.91 
19.70 
19.21 
19.44 
20.44 
21.  52 
21. 13 
20.32 
21.02 

4.61 
4.68 
4.46 
4.38 
4.53 
4.45 
4.43 
4.40 
4.52 

0.229 
.238 
.232 
.225 
.222 
.207 
.210 
.216 
.215 

6.14 
6.41 
5.59 
6.06 
5.51 
5.53 
5.55 
5.46 
5.77 

Percent 
8.07 
7.97 
7.37 
7.89 
7.55 
6.61 
6.73 
7.56 
8.50 

Percent 
11.22 

9223 

9224 

11.08 
10.74 

9225 

B: 

5 

6 

7 

8 

9  .  .     - 

10.74 

9226 

9227 

9228 

9229 

9230               -  . 

11.57 
11.41 
11.05 
11.43 
11.57 

•  C  horizons  not  well  defined. 
'  Carbonates  deducted. 

'  Water  of  hydration  plus  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonat* 
content. 

The  somewhat  high  silica-sesquioxide  and  silica-alumina  ratios  of 
the  first  two  layers  give  ground  for  suspicion  of  the  presence  of  silicA 
or  feldspathic  silicates  of  colloidal  size,  but  even  if  present  the  remain- 
ing data  indicate  that  the  quantity  is  small.  The  silica-iron  oxide 
and  ferric  oxide-alumina  ratios  of  the  first  and  second  layers,  com- 
pared with  the  corresponding  values  for  the  third  and  fourtli,  indicate 
but  a  faint  trace  of  fractionation.  The  silica-total  base  ratios  average 
5.78  for  the  entire  profile  and  are  the  lowest  for  any  of  the  soils  exam- 
ined. These  values,  as  well  as  the  plj  values  for  the  whole  soil,  indi- 
cate that  leaching  has  not  been  extensive.  The  combined  water  of 
the  soil  acids,  when  corrected  for  organic  matter  and  carbonates 
present,  is  so  nearly  a  constant  value  for  all  horizons  as  to  leave  little 
reason  for  doubt  that  a  soil  inorganic  acid  of  essentially  constant 
composition  is  present. 

THE  PHILLIPS  PROFILE 

As  mentioned  in  the  description  of  the  samples,  the  Phillips  profile 
has  a  well-developed  claypan,  and  yet  the  mean  annual  rainfall  is  less 
and  the  t<3mperature  lower  than  in  the  Keith  area  where  the  claypan 
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is  absent.  There  is  an  essential  difference  in  the  parent  material 
which,  under  the  Phillips  soils,  is  glacial  drift.  Moreover,  the  soil  is 
a  sandy  loam,  whereas  the  others  reported  are  silt  loams.  In  this 
area  the  high  winds  produce  sufficient  erosion  on  the  sparsely  grassed 
areas  to  remove  the  surface  soils  and  produce  so-called  ** slick  spots." 
The  analytical  data  on  this  profile  are  given  in  tables  21,  22,  and  23. 


Table  21. — Mechanical  analyses 

of  Phillips  sandy  loam  1 

^ 

•o 

•0 

"O 

0 

Sample  no. 

Horizon 

1 

0 

1 

la 

0 

0 

So 

11 

a 

^1 

m 

1 

0 
1 

S-'rt 

0 

a 

0 

OX! 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Inches 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

8749 

Ai 

0  -  13/2 

1.4 

3.5 

4.1 

10.2 

17.8 

38.9 

18.5 

12.9 

4.9 

8760 -. 

A2-.. 

1^4 

1.3 

3.2 

4.2 

10.9 

19.5 

39.4 

19.5 

13.2 

1.5 

8751 

Bi 

4    -9 

1.4 

2.9 

4.0 

11.1 

18.2 

34.8 

26.3 

19.7 

.7 

8752 

Bo.. 

9    -19 

.4 

1.5 

2.1 

5.4 

12.3 

40.7 

36.5 

31.0 

.5 

8753 

Bs. 

19    -36 

.6 

1.2 

2.3 

8.1 

19.1 

33.2 

35.0 

27.2 

2.0 

8754 

B4 - 

36    -54 

1.0 

2.6 

3.9 

13.9 

20.4 

27.4 

.30.2 

24.1 

2.0 

8754-A 

C 

54    -64 

1.3 

3.7 

5.8 

13.4 

15.4 

31.0 

28.9 

21.6 

2.0 

1  Determinations  by  H.  W.  Lakin  and  T.  M.  Shaw. 

2  Organic  matter  not  present  in  excess  of  0.4  percent. 

Table  21,  the  mechanical  analyses,  shows  that  the  sandy  character 
of  the  surface  layer  persists  throughout  the  profile  and  indeed  be- 
comes somewhat  coarser,  colloid  content  being  considered,  as  the 
depth  increases.  The  silt  and  clay  content  nowhere  exceeds  60  per- 
cent. Marked  eluviation  of  colloid  from  the  A  horizons  and  concen- 
tration in  the  B  horizons  is  apparent.  The  B  horizon  in  which  the 
greatest  concentration  of  colloid  appears  (B2)  is  the  point  at  which  the 
soil  becomes  alkaline  (table  22).  Immediately  beneath  this  layer 
the  content  of  soluble  salts,  as  determined  by  the  bridge  reading, 
becomes  considerable,  and  the  pH  values  rise  sharply,  becoming  the 
highest  of  any  of  the  profiles  examined.  If  the  original  soil  material 
at  the  surface  had  the  same  composition  aside  from  the  colloid,  the 
cause  of  the  deposition  of  the  hardpan  would  appear  to  be  the  floccu- 
lation  and  consequent  deposition  of  colloid,  which  ultimately  by 
filtration  of  finer  colloid,  as  the  surface  became  leached,  resulted  in  a 
practically  impervious  layer.  That  this  original  material  contained 
sulphates  is  not  indicated  by  the  analyses,  but  an  examination  of  the 
water-soluble  material  from  the  B3  horizon  shows  the  presence  of  39 
parts  per  million  of  sulphur  trioxide  and  339  parts  per  million  of 
chlorine.  The  C  horizon  shows  159  parts  per  million  of  soluble 
sulphur  trioxide  and  but  85  parts  per  million  of  chlorine.  It  would 
appear,  therefore,  that  small  as  is  this  alkali-salt  content,  to  it  is  to 
be  ascribed  the  clay  pan  deposition.  The  part  played  by  alkali  in 
the  ''freezing  up"  of  soils  under  irrigation  has  been  described  by 
McGeorge,  Breazeale,  and  Burgess  (17).  It  does  not  follow  that  their 
conclusions  concerning  the  role  of  aluminum  hydroxide  in  the  process 
are  valid.  The  soil  analyses  indicate  by  their  high  potassium  and 
sodium  content  the  presence  of  much  undecomposed  feldspars.  The 
high  silica  content  of  the  profile  indicates  the  presence  of  free  quartz. 
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Sample  no. 

Horizon 

Depth 

SiOa 

FeiOi 

AhOa 

MgO 

CaO 

K,0 

NajO 

TiOi 

8749  > 

.    Ai 

Inches 
0    -  IM 
IJ-i-  4 
4-9 
9    -19 
19    -36 
36    -64 
54    -64 

Percent 
73.60 
75.54 
74.64 
70.12 
64.66 
65.34 
69.49 

Percent 
2.80 
2.80 
3.34 
4.41 
3.84 
4.32 
3.31 

Percent 
9.44 
10.24 
11.64 
12.86 
11.70 
11.50 
10.38 

Percent 
0.68 
.72 
.91 
2.23 
1.48 
2.20 
2.08 

Percent 
1.18 
1.12 
1.06 
1.15 
6.98 
6.14 
4.27 

Percent 
1.80 
1.94 
2.06 
2.14 
1.84 
1.83 
1.77 

Percent 
1.80 
2.48 
1.84 
1.87 
1.81 
2.00 
L30 

Percent 
0.45 

8760  > 

.    Aj 

.46 

8751  « 

.    Bi 

.60 

87.')2  « 

.    B2 

.64 

8753  > 

8754  > 

8754A  > 

.   bS 

.     B4 

.    C 

.46 
.46 
.SO 

Sample  no. 

Horizon 

Depth 

MnO 

P»0. 

Ignition 
loss 

SO3 

Total 

CO23 

N 

PH 

Soluble 
salts* 

8749 « 

8760  > 

8751  • 

8762  > 

8763  > 

8754  > 

8754  A» 

Ai 

Aj 

B, 

B» 

Bs 

B4 

C 

Inches 

0   -  VA 

4-9 
9    -19 
19    -36 
36    -54 
54    -64 

Percent 
0.05 
.05 
.03 
.06 
.04 
.04 
.08 

Percent 
0.16 
.16 
.11 
.13 
.17 
.16 
.13 

Percent 
8.15 
4.50 
3.85 
4.62 
8.04 
6.10 
6.40 

Percent 
0.10 
.17 
.20 
.18 
.16 
.14 
.13 

Percent 
100.27 
100.17 
100.08 
100.31 
100.18 
100.22 
99.84 

Percent 

0.00 

.00 

.00 

.00 

4.00 

2.73 

3.60 

Percent 
0.25 
.15 
.10 
.09 
.04 
.03 
.03 

6.1 
6.2 
6.5 
7.4 
9.4 
9.1 
10.0 

Parts 
per  mil- 
lion 

340 
<298 
<298 
<298 
1,460 
1,520 
1,980 

>  Determinations  (except  pH  and  soluble  salts)  by  J.  Q.  Smith. 
*  Determinations  (except  pH  and  soluble  salts)  by  Q.  Edgington. 
»  COj  of  the  carbonates. 
«  Determined  by  bridge  method. 

Table  23. — Chemical  analyses  of  Phillips  sandy  loam  colloid 


Sample  no. 

Horizon 

Depth 

Col- 
loid ex- 
tracted 

SiO, 

FejOs 

AI2O3 

MgO 

CaO 

K,0 

NajO 

8749 

A, 

5!:::::::: 

B2 

i::::::::: 

Inches 

0    -IM 

lM-4 

4-9 

9    -19 

19    -36 

36    -64 

54    -64 

Percent 
51 
60 
63 
84 
95 
74 
75 

Percent 
49.45 
60.05 
61.31 
51.95 
51.10 
62.45 
51.42 

Percent 
8.02 
8.24 
8.88 
9.18 
9.20 
8.32 
8.91 

Percent 
18.82 
19.22 
21.03 
20.91 
20.97 
20.21 
20.80 

Percent 
2.09 
2.20 
1.93 
3.16 
3.21 
3.38 
3.24 

Percent 
1.09 
.94 
.84 
.82 
2.30 
2.96 
2.59 

Percent 
2.45 
2.69 
2.15 
2.30 
1.57 
1.74 
1.83 

Percent 
0  29 

8750 

.17 

8751 

.64 

8762 

8763 

.23 
.73 

8764 

.15 

8754-A    .. 

.48 

Ram  pie 
no. 

Horizon 

Depth 

TiOj 

MnO 

P»0. 

SOj 

'tS'Votal 

Organic 
matter ' 

COi« 

N 

8749 

8750 

8761 

8762 

8763 

8754 

8754-A... 

Ai 

A» 

B, 

Bi 

B3 

B4 

C 

Inches 

0    -  VA 

lH-4 

4-9 

9    -19 

19    -36 

36    -54 

64    -64 

Percent 
0.80 
.89 
.82 
.63 
.73 
.73 
.69 

Percent 
0.15 
.14 
.09 
.06 
.07 
.06 
.05 

Percent 
0.51 
.43 
.26 
.17 
.15 
.19 
.08 

Percent 
0.40 
.31 
.22 
.21 
.19 
.14 
.18 

Percent 
16.69 
14.83 
11.96 
10.83 
10.76 
10.15 
10.29 

Percent 
100.76 
100.11 
100.13 
100.45 
100.98 
100.48 
100.56 

Percent 
10.30 
7.46 
4.10 
2.59 
2.65 
1.37 
1.56 

Percent 
0.12 
.06 
.12 
.04 
.86 
1.48 
1.49 

Percent 
0.80 
.69 
.35 
.21 
.20 
.11 
.11 

«  Determined  by  the  combustion  method  (COjXO.471). 
*  COi  of  the  carbonates. 

The  analyses  of  the  colloid  (table  23)  indicates  the  association  of 
the  sulphur  and  phosphorus  content  with  the  organic  matter,  and  the 
persistence  of  organic  matter  throughout  the  profile  is  an  indication 
of  the  slow  development  of  the  claypan.  The  high  content  of  car- 
bonates shown  by  the  soil  analyses  in  horizons  B3,  B4,  and  C,  when 
contrasted  with  the  low  relative  carbonate  content  of  the  extracted 
colloid,  indicates  coarse  carbonates,  as  compared  with  the  Nebraska 
silt  loam  soils.     The  organic  and  carbonate  content  being  considered, 
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the  gross  analyses  themselves  indicate  a  very  uniform  type  of  colloid 
and  that  its  concentration  in  the  B  horizon  has  been  without  seri(5us 
fractionation,  so  far  as  the  inorganic  part,  at  least,  is  concerned. 
These  relations  are  more  clearly  presented  by  the  derived  data  given 
in  table  24. 


Table  24. — Derived  data:  Phillips  sandy  loam  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 
of  hy- 
dration 

Com- 
bined 

Sample  no. 

SiOa 

Si02 
Fe203 

Si02 
AhOi 

Fe203 
AI2O3 

Si02' 

water 

of  the 

soil 

acid  ' 

Fe203.  AI2O3 

Total  bases 

8749_-- 

A, 

A2 

B, 

B2 

B3 

B4 

C 

Inches 

0  -m 

lH-4 
4-9 
9    -19 
19    -36 
36    -54 
54    -64 

3.59 
3.46 
3.26 
3.28 
3.24 
3.79 
3.29 

16.34 
16.08 
15.32 
14.90 
14.71 
16.70 
15.27 

4.58 
4.41 
4.14 
4.21 
4.13 
4.40 
4.19 

0.282 
.274 
.275 
.281 
.281 
.264 
.274 

8.12 
7.46 
8.84 
7.16 
6.54 
7.02 
7.12 

Percent 
6.27 
7.31 
7.74 
8.20 
7.25 
7.30 
7.24 

Percent 
9.05 

8750 

10.09 

8751 

8752 

9.91 
10.60 

8753 

10.00 

8754 

8754-A 

10.00 
10.13 

'  Carbonates  deducted. 

2  Water  of  hydration  plus  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonate 
content. 

The  silica-sesquioxide  and  silica-alumina  ratios,  when  considered 
in  the  light  of  the  possible  presence  of  secondary  quartz  and  undecom- 
posed  minerals,  are  fairly  uniform  and  average  for  the  profile  3.41  and 
4.30,  respectively.  The  silica-iron  oxide  ratios,  taken  alone,  might 
be  considered  as  indicating  incipient  podzolization,  but  even  this 
degree  of  fractionation  is  not  wholly  confirmed  by  the  iron  oxide- 
alumina  ratios.  One  might,  by  using  sufficient  imagination,  visualize 
the  process  as  producing  after  a  sufficiently  long  interval,  a  kind 
of  gray  layer  in  place  of  the  A2  and  Bi  layers.  If  so,  the  process  must 
be  very  slow.  The  silica-total  base  ratio  indicates  considerable  leaching 
of  the  upper  three  horizons.  The  combined  water  of  the  soil  acid 
has  an  average  value  of  9.87  percent,  which  is  essentially  the  same  as 
for  the  Fillmore  proffie. 

THE  FARGO   PROFILE 

The  proffie  of  Fargo  clay,  which  is  detailed  in  tables  25,  26,  and  27, 
was  collected  in  Wilkin  County,  Minn.,  across  the  Red  River  from 
Wahpeton,  N.Dak.  It  is  not  a  continuous  proffie.  The  transitional 
zones  between  A2  and  B  and  between  B  and  C  were  omitted  by  the 
collector.  The  Fargo  soils  contain  a  larger  soluble-salt  content  in 
the  whole  proffie  than  the  Phillips  soils  of  Montana,  The  dominant 
soils  of  the  area  are,  in  general,  not  strictly  claypan  soils,  but  in  the 
slight  depressions  below  the  general  level  a  pronounced  dense  claypan 
appears.  The  annual  rainfall  of  the  area  is  21.5  inches,  and  in  the 
depressions  the  water  available  for  w^eathering  and  proffie  develop- 
ment is  in  excess  of  this  amount.  The  soil  parent  material,  being 
a  lacustrine  deposit,  was  doubtless  much  weathered  before  proffie 
development  began.  Also,  as  the  glacial  Lake  Agassiz  disappeared 
the  soil  material  was  doubtless  impregnated  with  soluble  salts.  The 
present  condition  is  thus,  perhaps,  analagous  to  the  result  of  long- 
continued  irrigation.  There  is  no  certainty  that  the  parent  material 
was  uniform  in  character;  but,  since  deep  lake  deposits  are  usually 
uniform  in  texture,  it  mav  be  assumed  that  they  were  so  in  this  case. 
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Table  25. — Mechanical  analyses  of  Fargo  clay  » 

« 

1§? 

a 

■§? 

g 

T 

o 
1 

15 

Sample  no. 

Horizon 

5 

OS  B 

«    1 

08  q 

CO  S 

s? 

If 

ii 
it 

li 

if 

a 

sa 
c5 

II 

Inches 

Pet. 

Pet. 

Pet. 

Prt. 

Pet. 

Pcf. 

Prt. 

Pc/. 

Pd. 

108 

Ai 

0-  6 

0.4 

1.6 

2.5 

9.7 

4.7 

29.1 

42.2 

27.9 

9.2 

107 

Ai 

«M0 
12-20 
32-48 

1.7 
.6 
.4 

2.8 
1.5 
1.1 

3.9 
2.1 
1.2 

13.8 
7.8 
2.8 

6.5 
3.6 
1.8 

31.2 
10.7 
15.2 

38.3 
72.3 
74.2 

19.5 
68.8 
63.9 

1.4 

108 

B. 

.7 

loe 

C 

.9 

'  Determinations  by  H.  W.  Lakin  and  T.  M.  Shaw. 

The  process  of  soil  formation,  if  the  profile  was  originally  uniform, 
has  resulted  in  tremendous  differentiation.  The  sands  and  silt  are 
very  much  higher  in  the  A  horizons  than  in  the  B  and  C,  and  there 
is  a  sharp  difference  between  Ai  and  A2.  This  relation  is  characteris- 
tic of  podzol  soils.  The  thick  and  very  dense  claypan  shows,  however, 
no  tendency  toward  the  production  of  a  true  hardpan,  or  ortstein, 
layer,  and  the  clay  and  colloid  content  of  the  B  layer  are  essentially 
the  same  as  in  the  parent  material.  This  condition  is  not  normal  for 
podzol  soils.  The  organic  content  of  the  Ai  horizon  is  high;  that  of 
the  A2  is  much  lower.  This  is  a  podzol  characteristic.  The  B  horizon 
is  also  low  in  organic  matter.  This  is  not  true  of  the  normal  humid' 
podzols. 

Table  26. — Chemical  analyses  of  Fargo  clay  soil 


Rnmple  no. 

Horizon 

Depth 

SiOi 

FejO, 

AhOs 

MrO 

CaO 

KjO 

NaaO 

TiOj 

106 

Aj 

c. 

Inches 
0-  6 
6-10 
12-20 
32-48 

Percent 
69.92 
79.59 
66.70 
57.30 

Percent 
2.37 
2.91 
5.26 
4.66 

Percent 
9.22 
8.04 
14.74 
13.72 

Percent 
1.05 
.74 
2.38 
3.00 

Percent 

0.97 

.81 

.72 

6.83 

Percent 
1.63 
1.93 
1.85 
2.04 

Percent 

0.93 

1.37 

.76 

.83 

Percent 
0.80 

107 

.83 

108 

.81 

109 

.78 

Sample 
no. 

Horizon 

Depth 

MnO 

PjOj 

Ignition 
loss 

SO3 

Total 

CO,' 

N 

PH 

Soluble 
salts » 

106  . 

At 

Inchef 

0-  6 

6-10 

12-20 

32-48 

Percent 

0.09 

.11 

.10 

.13 

Percent 

0.15 

.06 

.07 

.12 

Percent 
12.49 
3.28 
6.09 
?.97 

Percent 

0.17 

.06 

.13 

L79 

Percent 
99.79 
99.72 
99.61 
100.06 

Percent 

0.16 

.08 

.19 

4.64 

Percent 

(31 
(») 
(') 
(») 

6.3 
7.5 
7.9 
8.3 

ParU 

million 
1.060 

107 

108 

109 

Aj 

B 

c 

460 

600 

12,060 

'  COi  of  the  carbonates. 

'  Determined  by  bridge  method. 

» Not  determined. 

The  chemical  examination  of  the  whole  soil  (table  26)  reveals  some 
important  facts.  The  silica  content,  allowance  being  made  for  the 
high  ignition  loss,  is  tremendously  higher  in  the  A  horizons  than  in 
the  B  horizon;  whereas,  when  account  is  taken  of  the  carbonates  and 
sulphates  in  the  C  horizon,  the  silica  contents  in  the  B  and  C  horizons 
are  of  similar  magnitude,  being  71.2  percent  for  the  B  horizon  and 
71.5  percent  for  the  C.  The  eluviation  of  carbonates  from  the  A  and 
B  horizons  is  essentially  complete.  The  high  magnesium  content  of 
the  B  and  C  horizons  may  be  taken  to  indicate  that  the  carbonates 
are  somewhat  dolomitic.    The  limitation  of  the  leaching  of  the  soil  is 


28        TECHNICAL   BULLETIN    399,  U.S.  DEPT.  OF   AGRICULTURE 

definitely  marked.  The  exceedingly  sudden  and  enormous  increase  of 
soluble  salts  in  the  C  horizon  may  be  taken  to  mean  that  the  B  hor- 
izon is  essentially  impermeable  to  water  and  that,  therefore,  drainage 
must  be  either  from  the  surface  of  the  soil  or  from  the  surface  of  the 
B  horizon.  The  soluble  salts  were  examined  and  shown  to  consist 
almost  wholly  of  calcium  and  magnesium  sulphates,  about  10,000 
parts  per  million  of  the  dry  soil.  The  chloride  content  does  not  exceed 
400  parts  per  million. 


Table  27. — Chemical  analyses  of  Fargo  clay  colloid 

Sample  no.        Horizon 

Depth 

Colloid 

ex- 
tracted 

SiOa 

Fe203 

AhOs 

MgO 

CaO 

K2O 

NajO 

106 

A. 

A2 

B. 
C. 

Inches 
0-  6 
6-10 
12-20 
32-48 

Percent 
76 
41 
75 
61 

Percent 
49.25 
61.20 
54. 69 
54.50 

Percent 
11.38 
4.74 
7.07 
8.88 

Percent 
11.40 
16.66 
21.73 
19.09 

Percent 
2.61 
2.13 
3.82 
3.13 

Percent 
1.95 
1.07 
.76 

.    2.85 

Percent 
1.97 
2.61 
1.82 
1.93 

Percent 
0.33 

107    

.71 

108... 

109... - 

.40 
.34 

Sample 
no. 

Horizon 

Depth 

TiOj 

MnO 

PjOs 

SOj 

Ignition 
loss 

Total 

Organic 
matter  i 

C0j» 

N 

106 

Ai 

Inches 

0-  6 

&-10 

12-20 

32-48 

Percent 

0.97 

1.04 

.79 

.81 

Percent 

0.05 

.04 

.03 

.05 

Percent 

0.33 

.12 

.11 

.12 

Percent 

0.32 

,23 

.16 

.14 

Percent 
20.61 
10.32 
9.58 
8.39 

Percent 
101.17 
100.87 
100.96 
100.23 

Percent 
14.41 
6.95 
3.02 
2.93 

Percent 

0.07 

.07 

.09 

.85 

Percent 
0.81 

107- 

108 

109__     .. 

A2 

B 

C 

.34 
18 

»  By  combustion  method  (CO2XO.47I). 
*  CO2  of  the  carbonates. 
» Not  determined. 

The  chemical  analyses  of  the  colloid  (table  27)  indicate  relatively 
little  colloidal  carbonates  and  lead  to  the  conclusion  that  the  carbon 
dioxide  of  the  soil  of  the  B  and  C  horizons  is  largely  residual.  This 
conclusion  is  in  harmony  with  the  arid  soil  characteristics  of  the  C 
horizon.  The  derived  data  in  table  28  reveal  several  important 
features  of  the  profile. 


Table  28. — Derived  data:   Fargo  clay  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 
of  hy- 
dration 

Com- 
bined 

Sample  no. 

SiOs 

Si02 

Fe203 

Si02 

AI2O3 

Fe203 
AI2O3 

8102^ 

water 

of  the 

soil 

acid* 

Fe203.Al20! 

Total  bases 

106 

Ai 

Inches 

0-  6 

6-10 

12-20 

32-48 

4.48 
5.40 
3.53 
3.73 

11.53 
34.63 
20.47 
19.73 

7.  .35 
6.42 
4.27 
4.84 

0.639 

.188 
.208 
.296 

4.75 
9.28 
7.01 
6.69 

Percent 
6.13 
3.30 
6.52 
5.16 

Percent 
10.80 

107- 

A" 

6.67 

108. - 

109 - 

B.-_ 

C 

9.12 
8.28 

1  Carbonates  deducted. 

'  Water  of  hydration  plus  water  equivalent  of  the  bases  corrected  for  organic  matter  and  carbonate  content. 

The  very  high  silica-sesquioxide  ratio  of  the  Ai  horizon,  the  still 
higher  value  for  the  A2,  and  the  correspondingly  high  silica-alumina 
ratios  clearly  indicate  the  presence  of  colloidal  free  silica.  The  rela- 
tively high  iron  oxide  content  of  the  Ai  horizon,  together  with  the 
high  organic  matter,  when  taken  into  consideration  with  the  low  iron 
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oxide  in  the  Az  horizon,  leads  to  an  interesting  conclusion.  The  re- 
moval of  iron  oxide  and  alumina  has  not  been  by  transference  to  the 
B  horizon  but  has  been  accomplished  chiefly  by  lateral  erosion.  This 
conclusion  is  supported  by  the  iron-alumina  ratio  which  is  very  slightly 
greater  in  the  B  horizon  than  in  the  A2  and  is  still  greater  in  the  C. 
This  relation,  together  with  the  siUca-iron  oxide  ratio,  would  indicate 
that  even  the  B  horizon  has  been  somewhat  eluviated,  so  far  as  its 
iron  content  is  concerned.  This  conclusion  accords  also  with  the  fact 
tha  t  in  slight  depressions  this  soil  must,  during  rainy  periods,  be 
swampy  and  therefore  subject  to  anaerobic  fermentation,  as  shown 
by  Robinson  (27),  with  consequent  reduction  of  iron  to  the  ferrous 
state  and  its  removal  by  drainage  above  and  not  through  the  claypan. 
Under  such  circumstances  the  chalybeate  water  at  the  surface  woidd 
be  oxidized  and  deposited  with  humus  material.  This  assumed  proc- 
ess accounts  for  the  relativelv  high  iron  content  of  the  Ai  horizon. 
The  holding  power  of  humified  matter  for  ferric  iron  has  been  recently 
emphasized  by  Horner,  Burk,  and  Hoover.^ 

The  immense  base-holding  capacity  of  organic  matter  and  the  trans- 
fer of  bases  by  grass  cover  are  emphasized  by  the  low  silica-total  base 
ratio  of  the  Ai  horizon.  The  wide  difference  between  this  value  for 
the  Ai  and  A2  horizons  is  indicative  of  the  intermittently  swampy 
character  of  these  claypan  spots. 

The  water  of  hydration  and  the  total  combined  water  of  the  soil 
acid  are  interesting  even  if  not  readily  explicable.  The  low  experi- 
mental value  and  the  calculated  value  for  the  parent  material  are 
both  lower  than  is  to  be  expected  were  the  colloid  derived  from  tri- 
silicates,  as  appears  to  be  the  case  with  the  Ai  horizon.  There  is 
nothing  abnormal  in  the  fact  that  these  quantities  for  the  B  horizon 
are  similar  to  those  of  the  parent  material,  since  the  indications  are 
that  but  little  transfer  of  material  downward  has  occurred.  It  must 
be  noted,  however,  that  in  the  Ai  horizon  the  calculated  value  of  the 
combined  water  of  the  soil  acid  includes  the  water  equivalent  of  the 
bases  which  are  associated  with  the  organic  matter.  This  introduces 
a  considerable  degree  of  possible  error  where  the  organic  matter  is 
high. 

On  the  whole,  the  profile  examination  indicates  that  this  soil  has 
developed  on  a  saline  clay  nearly  impervious  to  water  and  that  by 
eluviation  of  fine  material  the  present  B  horizon  has  been  produced 
with  but  little  downward  transportation  of  material.  It  seems  clear 
that  the  apparent  podzolization  of  the  surface  soil  has  been  produced 
by  lateral  erosion  aided  by  anaerobic  fermentation  and  consequent 
solution  and  removal  of  the  iron  component  of  the  clay.  At  the  same 
time,  leaching  of  calcium  and  magnesium  has  occurred  to  a  marked 
degree.  Whether  there  has  been  any  actual  removal  of  colloid  as  a 
whole  by  lateral  translocation  may  not  be  inferred  from  the  data. 
This  kind  of  podzolization  would  appear  to  be  a  common  process  by 
which  a  light-colored  layer  (bleicherde)  may  be  produced,  and  it  may 
be  that  the  so-called  "sand;y^  podzols"  of  the  areas  of  low  rainfall  are 
of  this  character.  There  is  not  sufficient  information  available  at 
present  to  decide  the  question,  but  it  is  well  worth  careful  investiga- 
tion. It  appears  certain  from  this  profile  and  from  other  fragmentary 
and  unpublished  data  that  th«re  is  a  definite  distinction  between  a 

*  HoBNER.  O.  R.,  BuBK,  D.,  and  Hoover,  S.  R.  pbbparation  Of  hxtmatb  or  ibon  and  other  humati 
METALS.    Plant  Physiol.    (In  press.) 
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profile  of  the  character  of  this  one  and  the  podzols  of  the  cold  and 
humid  areas  to  which  the  term  is  ordinarily  applied.  Whether  a  new 
term  should  be  used  to  describe  them  remains  to  be  seen. 

Other  than  for  this  variation  in  leaching,  the  soU  colloid  developed 
on  the  Fargo  parent  material  appears  to  be  the  same  as  that  developed 
on  the  loess  in  Nebraska  and  on  glacial  drift  in  Montana,  under  the 
same  general  climatic  conditions. 

THE  McLEANSBORO   PROFILE 

As  mentioned  in  the  introduction,  a  development  of  claypan  on 
level  areas  is  not  confined  to  regions  of  low  rainfall.  It  seemed 
desirable  to  include  in  the  present  study  a  profile  developed  under 
cHmatically  different  conditions  but  which  otherwise  is  similar  to 
the  claypan  soils  of  Nebraska.  A  profile  from  southern  Illinois  was 
selected.  It  is  developed  on  level  areas,  with  high  rainfall  and  at  a 
mean  annual  temperature  much  higher  than  in  Nebraska.  The 
analytical  data  are  presented  in  tables  29,  30,  and  31. 

Table  29. — Mechanical  analyses  of  McLeansboro  silt  loam  * 


Sample  no. 

Horizon 

S3 

tCH 

B^ 

P 

i 

SB 

SB 

4 

s 

1^ 

IT 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Inches 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

10331 

Ai 

0-8 

0.9 

2.0 

1,6 

2.2 

2.7 

66.7 

23.3 

16.6 

0.4 

10332... 

A2. 

8-12 

.7 

1.6 

1.2 

1.6 

2.0 

62.6 

29.7 

21.6 

.6 

10333 

Bi 

12-16 
16-19 

.2 
.2 

.8 

.7 

.8 
.8 

1.2 
1.4 

1.4 
1.6 

62.1 
61.5 

43.0 
43.4 

36.6 
35.3 

.2 

10334... 

B2....- 

KO 

10335... 

B3 

19-26 

.2 

.6 

.9 

1.7 

1.8 

48.6 

45.7 

38.6 

.1 

10336 

C... 

26+ 

.4 

1.0 

1.3 

2.2 

2.5 

60.5 

31.7 

25.1 

».0 

'Determinations  by  H.  W.  Lakin  and  T.  M.  Shaw. 
^Organic  matter  not  present  in  excess  of  0.4  percent. 

The  mechanical  analyses  (table  29)  indicate  that  this  profile,  like 
those  in  Nebraska,  consists  largely  of  silt  and  clay,  and  that  the 
hardpan  layers  are  very  defiboitely  developed.  The  Bi  horizon  is 
essentially  the  same  as  B2,  except  that  it  includes  the  rounded  tops 
of  the  coluronar  clay  with  a  whitish  podzolized  very  thin  crust.  The 
mechanical  texture  is  the  same  as  in  B2,  except  for  a  slightly  increased 
sUt  content.  The  high  clay  and  colloid  content  of  the  parent  material 
indicates  either  transfer  of  colloid  into  it  or  formation  of  colloid  in 
place.  Yet  there  is  material  translocation  of  colloid  from  the  A 
horizon  to  the  B  horizons,  as  indicated  by  an  alteration  ranging  from 
less  than  30  percent  in  the  A  horizons  to  more  than  40  percent  in 
the  B  horizons. 

The  chemical  analyses  of  the  profile  indicate  severe  leaching  through 
the  whole  profile  so  far  as  it  is  examined.  This  is  shown  by  the  total 
absence  of  carbonates  and  by  the  pH  values  obtained  (table  30),  as 
well  as  by  the  soluble-salt  content.  It  is  therefore  impossible  to 
say,  from  the  data,  whether  the  material  originally  was  saline, 
although  the  character  of  the  claypan  indicates  that  condition. 
Despite  the  extensive  weathering,  the  soU  still  contains  undecomposed 
feldspars,  as  is  indicated  by  the  contrast  between  the  sodium  content 
of  the  soil  and  of  the  colloid  (table  31).  The  chief  component  of 
the  sands  and  silt  is  obviously  quartz. 
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Sample  no. 

Horizon 

Depth 

SiOi 

FejO, 

Al.O, 

MgO 

CaO 

K,0 

NajO 

TIOi 

10331 

10332 

Ai 
At 

Inches 
0-  8 
8-12 
12-16 
16-19 
19-26 
26+ 

Percent 
80.69 
78.09 
73.27 
71.66 
70.96 
74.82 

Percent 
3.34 
4.26 
6.14 
6.00 
6.93 
6.36 

Percent 
8.03 
10.18 
12.56 
13.60 
14.12 
11.75 

Percent 
0.53 
.61 
.89 
.80 
.96 
.80 

Percent 
0.45 
.45 
.39 
.60 
.37 
.67 

Percent 
1.26 
1.36 
1.44 
1.35 
1.43 
1.77 

Percent 
0.90 
1.06 
1.29 
.88 
.94 
1.35 

Percent 

0.90 

.91 

10333 

B, 

B, 
C. 

.91 

10334- 

.92 

10335 

.91 

10336 

.91 

Sample 
no. 

Horizon 

Depth 

MnO 

PjO, 

Ignition 
loss 

S0» 

Total 

COi» 

N 

PH 

Soluble 
salts  > 

Ai 

Inches 
0-8 
8-12 
12-16 
16-19 
19-26 

Percent 
0.15 
.06 
.04 
.03 
.04 
.09 

Percent 
0.00 
.00 
.00 
.00 
.00 
.00 

Percent 
0.10 
.05 
.06 
.06 
.04 
.02 

5.2 
4.6 
4.8 
5.0 
6.3 
6.7 

10331 

Percent 
0.13 
.10 
.07 
.08 
.10 
.10 

Percent 
3.82 
3.20 
4.02 
4.68 
4.80 
8.10 

Percent 
0.10 
.07 
.07 
.07 
.06 
.05 

Percent 
100.20 
100.35 
101.09 
100.47 
100.60 
100.66 

Parts 
per 
million 
<298 

10332 

Ai 

<298 

10333.. 

Bi  ... 

<298 

10334 

Bj 

<298 

10335 

B» 

10336.... 

C...... 

28+ 

<298 

1  Determinations  (except  pH  and  soluble  salts)  by  J.  Q.  Hough. 

*  COj  of  the  carbonates. 

» Determined  by  bridge  method. 


Table  31.— 

-Chemical  analyses  of  McLeansboro  silt  loam  colloid 

Sample  no. 

Horizon 

Depth 

Colloid 

ex- 
tracted 

SlOi 

Fe,0, 

A1,0, 

MgO 

CaO 

K2O 

NaiO 

10331 

10332 

10333 

Ai 
Aj 
B, 
Bj 

?! 



Inches 
0-8 
8-12 
12-16 
16-19 
19-26 
26+ 

Percent 
70 
70 
76 
80 
79 
79 

Percent 
46.66 
48.72 
48.43 
48.92 
49.25 
48.21 

Percent 
8.22 
9.18 
10.84 
11.11 
9.48 
6.69 

Percent 
23.81 
24.83 
24.67 
24.92 
26.08 
29.11 

Percent 
1.65 
1.70 
1.77 
1.95 
1.98 
2.20 

Percent 
0.44 
.29 
.34 
.43 
.43 
.73 

Percent 
1.60 
1.52 
1.44 
1.35 
1.33 
1.57 

Percent 

0.07 

.08 

.06 

10334 

.33 

10335 

.28 

10336 

.32 

Sample 
no. 

Horizon 

Depth 

TiOj 

MnO 

PjOi 

SO3 

Ignition 
loss 

Total 

Organic 
matter » 

C0,» 

N 

10331 

Ai     . 

Inches 
0-8 
8-12 
12-16 

Percent 
0.83 
.81 
.81 
.89 
.86 
.92 

Percent 
0.03 
.02 
.07 
.03 
.03 
.07 

Percent 
0.26 
.18 
.16 
.13 
.14 
.18 

Percent 
0.23 
.16 
.16 
.17 
.15 
.17 

Percent 
16.21 
12.53 
11.48 
10.80 
10.71 
10.11 

Percent 
100.01 
100.02 
100.23 
101.03 
100.71 
100.28 

Percent 
6.66 
3.21 
1.93 
1.95 
1.82 
1.47 

Percent 
0.21 
.11 
.26 
.12 
.06 
.11 

Percent 
0.25 

10332 

10333 

Ai 

Bi 

.12 
.12 

10334.... 

10335 

10336 

Bj 

16-19 
19-26 
26+ 

.16 
.16 
.13 

»  By  combustion  method  (C0»  X0.471). 
I  COi  of  the  carbonates. 

The  analyses  of  the  colloids  (table  31)  are  normal  for  the  prairie 
colloids.  The  high  organic  matter  in  the  Ai  horizon  is  accompanied 
by  corresponding  quantities  of  phosphorus  and  sulphur  and  by  slightly 
higher  calcium  and  potassium,  as  compared  with  the  A2  horizon.  The 
carbonates,  which  are  negUgible  in  the  whole  soil,  become  measurable 
in  the  colloid.  This  is  particulariy  interesting  as  indicating  that 
acid  colloids  (table  30)  contain  appreciable  q[uantities  of  carbonates 
(1).  The  story  of  the  colloid,  tola  by  the  denved  data  in  table  32,  is 
substantially  the  same  as  that  of  the  Nebraska  soils,  with  the 
exception  of  a  few  feature*. 
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Table  32. — Derived  data:  McLeanshoro  silt  loam  colloid 


Horizon 

Depth 

Molecular  ratio 

Water 

of 
hydra- 
tion 

Com- 
bined 
water 
of  the 

Sample  no. 

SiOa 

SiOj 
FesOa 

SiOj 
A.I2O3 

FeaOs 
Ah03 

SiOji 
Total 
bases 

FeaOs.AhOj 

soil 
acids  > 

10331 

Ai  - 

Inches 
0-8 
8-12 
12-16 
16-19 
19-26 
26+ 

2.72 
2.69 
2.60 
2.59 
2.60 
2.45 

15.02 
14.05 
11.84 
11.65 
13.75 
19.16 

3.33 
3.33 
3.33 
3.33 
3.20 
2.81 

0.221 
.237 
.282 
.285 
.233 
.147 

11.68 
12.46 
12.11 
10.56 
10.76 
9.47 

Percent 
9.44 
9.21 
9.29 
8.73 
8.83 
8.53 

Percent 
11.36 
10.79 
10.63 
10.27 
10.37 
11.14 

10332 

A2 

10222.. 

Bi 

10334 

B2. 

10335- - 

Ba 

10336 

c;:::::::::: 

J  Carbonates  deducted. 

2  Water  of  hydration  plus  water  equivalent  of  the  bases,  corrected  for  organic  matter  and  carbonate 
content. 

The  silica-sesquioxide  and  the  siHca-alumina  ratios  are  those  of 
prairie  and  not  of  chernozem  type  (S).  The  siKca-iron  oxide  ratios 
indicate  that  a  much  higher  degree  of  podzolization,  i.e.,  fractionation 
of  the  colloid,  accompanies  the  translocation  of  the  colloid  downward 
than  occurs  in  the  chernozems.  The  same  is  also  indicated  by  the 
ferric  oxide-alumina  ratios.  The  deposition  of  the  iron  oxide  is  much 
more  marked  in  the  upper  7  inches  of  the  B  horizon  (Bi  and  B2)  than 
in  the  second  7  inches  (B3).  The  silica-total  base  ratios  are  much 
greater  than  in  the  chernozem  colloids,  a  feature  which  corresponds  to 
the  evidence  of  leaching  already  mentioned.  The  lower  silica-total  base 
ratio  of  the  Ai  horizon  and  of  the  C  horizon  are  indications  of  the  high 
base-holding  power  of  organic  matter  and  of  the  decreased  leaching 
of  the  C  horizon.  The  water  of  hydration  decreases  as  the  base  con- 
tent increases  and  when  converted  to  the  water  of  combination  of  the 
soil  acid  gives  an  average  water  value  of  10.76.  This  numerical  value 
is  a  point  of  considerable  interest,  as  will  appear  in  the  general  dis- 
cussion. The  whole  profile  indicates  translocation  of  colloid  as  a  whole 
from  the  upper  to  the  lower  horizons  and  makes  probable  the  presence 
of  a  soil  acid  of  definite  composition  but  essentially  different  from 
that  of  the  chernozems. 

HYGROSCOPIC  RELATIONS 

In  a  previous  publication  (7)  the  writers.  Brown  and  Byers,  have 
called  attention  to  the  hygroscopic  character  of  colloidal  fractions 
of  widely  different  soil  types  and  particularly  to  the  striking  differ- 
ences in  the  ratio  of  the  water  vapor  absorbed  over  3.3  percent 
sulphuric  acid,  99  percent  humidity,  and  over  30  percent  sulphuric 
acid,  75  percent  humidity.  In  the  colloids  there  reported  a  wide 
variation  of  this  ratio  was  noted.  For  the  Amarillo  silty  clay  loam 
colloid,  a  chernozem,  the  ratio  was  found  to  be  approximately  1.9; 
for  the  Marshall  silt  loam  colloid,  a  prairie  soil,  about  2.5;  and  for 
the  Davidson  clay  loam  coUoid,  a  lateritic  soil,  the  ratio  rose  to  as 
high  as  6.17  for  one  fraction.  It  seemed  probable,  therefore,  that  if 
the  colloids  of  the  soils  under  consideration  were  as  closely  similar  as 
their  analyses  indicate,  this  water-vapor  relation  would  also  indicate 
their  similarity.    The  results  of  this  examination  are  given  in  table  33. 
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Table  33. — Hygroscopic  properties  of  the  colloids  of  the  soil  profiles  found  in  tables  1 

to  32,  inclusive 


FILLMORE  SILT  LOAM 


KEITH  SILT  LOAM 


Sample 
no. 


8088. 
8089. 
8090. 
8091. 
8092. 
8093. 
8094. 
8095. 


Hori- 
eon 


Ai... 
Ai... 

Bi... 
B,... 
Bs... 
Bi... 
B,... 
C... 


Depth 


Inches 
0-2 
2  -6H 
6H-16 
16  -38 
38  -42 
42  -60 
60  -84 
84    -96 


Water  vapor 
absorbed 


3.3  per 

cent 

H1SO4 


Per- 
cent 
27.09 
27.79 
34.14 
34.88 
33.02 
33.48 
33.41 
32.25 


30  per- 
cent 
HjSOi 


Per- 
cent 
12.17 
13.08 
17.61 
18.17 
16.87 
16.48 
16.00 
16.25 


Ab- 
sorp- 
tion 
ratio 


3.3  per- 
cent 

30  per- 
cent 

HiSOt 


CRETE  SILT  LOAM 


8100.. 
8101.. 
8102.. 
8103.. 
8104.. 


Ai... 
Aj... 
A3--. 
Bi... 
B,... 
O... 


0  -  m 
m-  4 
4  -20 

20  -38 
38  -<50 
60    -84 


26.18 
26.28 
27.76 
32.03 
36.89 
34.89 


12.42 
13.42 
12.86 
16.85 
17.36 
16.65 


HASTINGS  SILT  LOAM 


HOLDREQE  SILT  LOAM 


9216.... 
9216.... 
9217.... 
9218.... 
9219.... 
9220.... 
9221.... 


Aj... 

0  -4 

30.00 

13.16 

Aj... 

4-7 

28.71 

12.76 

Aj-.. 

7  -18 

30.15 

14.65 

B,... 

18  -30 

33.43 

16.76 

B2--. 

30  -49 

33.92 

16.02 

Ba... 

49  -72 

34.  63 

16.06 

C... 

72  -96 

34.90 

16.72 

2.21 
2.12 
1.95 
1.92 
1.96 
2.04 
2.09 
1.99 


2.11 
1.96 
2.16 
2.02 
2.07 
2.09 


8079 

Ai... 

0-6 

28.44 

13.34 

2.13 

8080 

Aj... 

6-20 

30.04 

14.88 

2.02 

8081 

B,-. 

20-30 

33.85 

16.60 

2.04 

8082 

B,... 

30  -  43 

33.14 

17.37 

1.91 

8083 

B,... 

43-  67 

28.14 

17.14 

1.64 

8084 

B4--. 

67  -  78 

26.31 

17.17 

1.63 

8086 

0.... 

78-108 

27.13 

16.80 

1.62 

2.28 
2.25 
2.06 
2.00 
2.12 
2.15 
2.22 


Sample 
no. 


9222... 
9223... 
9224... 
9225... 
9226... 
9227... 
9228... 
9229... 
9230... 


Hori- 
zon 


Ai... 
A,... 
B,.-. 
Bj.-. 

16.... 
>6.... 
1  7.... 
18-... 
1  9.... 


Depth 


Inches 
0    -,   H 

31^-14 
14  -21 
21  -33 
33    -40 


40  -48 
48  -72 
72    -96 


Water  vapor 
absorbed 


3.3  per- 
cent 
H2S0i 


Per- 
cent 
32.39 
32.83 
34.56 
34.18 
32.99 
32.91 
33.28 
32.33 
32.91 


30  per- 
cent 
HjSO* 


3.3  per 
cent 

30  per- 
cent 

H280« 


Per- 
cent 
15.50 
15.49 
17.21 
17.71 
16.08 
14.13 
14.46 
15.29 
14.61 


Ab- 
sorp- 
tion 
ratio 


PHILLIPS  SANDY  LOAM 


FARGO  CLAY 


McLEANSBORO  SILT  LOAM 


10331. 
10332. 
10333. 
10334. 
10336. 
10336. 


Ai... 
Ai... 

B,-.. 
Bj.-. 
Bs... 
C... 


0-8 
8  -12 
12  -16 
16  -19 
19  -26 
26-1- 


23.10 
21.59 
26.29 
30.04 
30.65 
30.04 


10.36 
11.29 
13.60 
14.37 
14.85 
14.62 


2.09 
2.12 
2.01 
1.93 
2.05 
2.33 
2.30 
2.12 
2.25 


8749 

Ai... 

0  -  m 

25.76 

10.63 

2.42 

8750 

As... 

m-  4 

25.76 

11.17 

2.31 

8751 

B,... 

4-9 

29.85 

14.06 

2.12 

8762 

B2--. 

9  -19 

34.30 

16.71 

2.05 

8753 

B,-.. 

19  -36 

33.83 

16.44 

2.06 

8754 

B4... 

36  -54 

35.93 

16.74 

2.16 

8754-A... 

C... 

64  -64 

35.25 

15.56 

2.26 

106 

Ai... 

0-6 

29.20 

13.13 

2.22 

107. 

Ai... 

6  -10 

19.55 

8.56 

2.28 

108. 

B.... 

12  -20 

35.07 

18.07 

1.93 

109 

C... 

32  -48 

34.23 

16.22 

2.16 

2.26 
1.91 
1.86 
2.09 
2.06 
2.08 


>  O  horizon  not  distinct. 


These  data  may,  at  first  sight,  seem  too  satisfactory  in  that  they 
show  the  chernozem  and  solonetz  profiles  to  have  a  nearly  uniform 
water-vapor  ratio  over  3.3  and  30  percent  sulphuric  acid,  with  a 
mean  value  for  the  first  seven  soils  of  2.08  and  for  the  prairie  profile 
a  mean  value  of  2.04.  This  relation  may  seem  to  indicate  a  closer 
similarity  between  the  McLeansboro  profile  and  the  others  than  b 
warranted  by  the  analytical  data.  However,  in  the  general  discus- 
sion which  follows  there  will  be  given  a  possible  explanation. 

The  data  of  table  33  bring  out  a  point  of  great  interest  with  refer- 
ence to  the  hygroscopic  capacity  of  the  colloids.  It  is  to  be  observed 
that  the  water-vapor  absorption  of  the  surface  horizons  is  in  every 
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case  lower  than  for  the  B  horizons.  This  difference  is  of  considerable 
magnitude.  The  average  for  the  B  horizons  of  the  eight  soils  is  32.96 
percent,  while  for  the  A  horizons  it  is  27.27  percent,  a  difference  of 
5.69  percent  for  the  absorption  from  a  nearly  saturated  atmosphere. 
At  75  percent  humidity  the  mean  values  for  the  B  horizon  colloids 
is  17.14  percent  and  for  the  A  horizon  colloids  12.71  percent,  a  differ- 
ence of  4.43  percent.  These  differences  are  too  wide  and  too  general 
to  be  accidental,  despite  the  fact  that  the  water-vapor  absorptions 
are  known  not  to  be  equilibrium  values.  The  only  marked  differences 
between  the  A  and  B  horizon  colloids  is,  in  general,  in  the  organic- 
matter  content  which,  in  this  series  of  colloids,  averages  7.27  percent 
for  the  A  horizons  and  1.96  percent  for  the  B  horizons,  a  difference  of 
5.31  percent. 

It  would  apparently  seem  that  the  inference  is  warranted  that  the 
hygroscopicity  of  the  organic  matter  of  these  colloids  is  less  than  that 
of  the  inorganic  part.  This  conclusion  is  in  general  accord  with  the 
data  on  water-vapor  absorption  of  a  series  of  colloids  reported  by 
Gile,  Middleton,  Robinson,  Fry,  and  Anderson  (IS)  in  which  the 
water-vapor  absorption  of  the  colloid  of  15  surface  soils  over  3.3 
percent  sulphuric  acid  shows  a  mean  value  of  0.2825,  whereas  the 
subsoils  of  the  same  soils  show  a  mean  of  0.3050.  These  are  the  same 
soils  reported  by  Robinson  and  Holmes  (28)  which  have  a  mean 
organic  content  of  the  surface  soil  colloids  of  6.36  percent,  while  the 
subsoil  colloids  have  an  organic  content  of  3.08  percent.  Among 
these  soils  are  three  in  which  the  surface  soil  colloid  has  higher  absorp- 
tive capacity.  These  are  the  Cecil,  Stockton,  and  Wabash  soils. 
Of  these  three,  the  Stockton  and  Wabash  are  reported  as  having  a 
lower  organic  content  in  the  surface  soil  colloid.  On  the  other  hand, 
it  is  not  in  accord  with  the  conclusions  reported  by  Richter  (28), 
although  a  careful  inspection  of  Richter's  data  show  that  they  do 
not  well  support  his  own  deductions  from  them.  It  is  also  to  be  noted 
that  Richter  worked  with  soils  of  low  silica-sesquioxide  ratio.  Ander- 
son and  Byers  (4)  have  shown  that  the  inorganic  colloid  of  a  lateritic 
soil  of  the  Cecil  series  has  an  extremely  low  water-vapor  absorption 
over  30  percent  sulphuric  acid,  and  that  from  a  desert  soil  colloid  of  the 
Fallon  series  has  a  high  absorptive  capacity  when  the  organic  matter 
has  been  removed  from  both.  They  have  also  shown  that  (3)  the  podzol 
colloids,  when  the  organic  matter  is  removed,  show  lowered  absorp- 
tive capacity.  It  is  therefore  not  to  be  assumed  that  the  water- 
vapor-absorption  capacity  of  an;^  inorganic  soil  colloid  is  greater 
than  its  organic  associated  material,  even  though  this  appears  to  be 
the  case  in  the  colloids  of  at  least  the  chernozem  and  prairie  soil 
groups. 

In  drawing  the  general  conclusion  that  the  organic  colloid  is  of 
relatively  low  water-vapor  absorption  in  these  colloids,  it  should  be 
mentioned  that  other  possible  explanations  may  be  found.  The  sur- 
face soils  are  more  subject  to  alterations  through  change  of  tempera- 
ture and  are  therefore  more  Hkely  to  suffer  irreversible  dehydration. 
This  explanation  seems  most  probable,  but  no  evidence  is  available 
at  present.  Also,  no  account  has  been  taken  in  the  above  considera- 
tions of  the  effect  of  colloidal  size  on  the  hygroscopic  relations.  It 
has  been  shown  by  Brown  and  Byers  (7)  that  in  general  the  fine 
colloid  particles,  less  than  0.1  /x,  are  capable  of  higher  moisture  absorp- 
tion than  those  of  greater  dimension,  and  it  is  possible  that  the  finer 
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particles  of  colloid  eluviated  from  the  A  horizons  may  be  the  cause  of 
the  observed  results.  The  question  is  of  importance,  and  its  further 
investigation  is  being  pursued. 

It  is  perhaps  also  worth  while  to  call  attention  to  the  abnormally 
low  value  of  the  water-vapor  absorption  of  the  colloid  of  the  A2 
horizon  of  Fargo  clay.  This  phenomenon  is  also  exhibited  by  the 
humid  podzols  reported  by  Anderson  and  Byers  (3)  and  may,  perhaps, 
be  considered  as  the  normal  behavior  of  the  gray  layer  (bleicherde). 

GENERAL   DISCUSSION 

In  order  to  bring  into  as  condensed  form  as  possible  the  general 
information  conveyed  by  the  analytical  data  of  tables  1  to  33,  inclu- 
sive, so  that  this  information  may  serve  as  a  basis  for  a  discussion  of 
the  topics  mentioned  in  the  introduction,  table  34  has  been  prepared. 
The  two  points  in  question  are  with  reference  to  claypan  formation 
and  the  constitution  of  soil  colloids. 

Table  34. — Review  of  data:  Colloids 


Sofl  type 


Col- 
loids 
in  the 
soil  > 


Molecular  ratio 

Com 

bined 
water 
of  the 
sou 
acid* 

SiOj 

SiO, 
Fe,0, 

SiOi 
Al,0, 

Fe,0, 
AhO, 

SiO,« 
Total 
bases 

FeiOi.AljOi 

3.71 
8.37 
3.63 

17.29 
16.44 
17.20 

4.72 
4.19 
4.60 

0.275 
.271 
.267 

7.22 
7.03 
6.84 

Percent 
9.28 
9.60 
9.56 

3.37 
3.42 
8.42 

17.83 
17.33 
17.62 

4.15 
4.26 
4.25 

.232 
.246 
.242 

7.17 
6.81 
7.35 

10.38 
10.28 
10.35 

3.28 
8.21 
3.44 

17.43 
18.41 
17.80 

4.13 
4.00 
4.33 

.231 
.217 
.242 

8.71 
7.73 

7.48 

11.59 
11.19 
10.91 

3.50 
8.58 
8.58 

18.03 
18.30 
17.87 

4.34 
4.46 
4.76 

.231 
.244 
.251 

7.22 
6.67 
6.75 

10.52 
10.62 
10.65 

3.76 
8.60 
8.68 

19.81 
19.37 
20.30 

4.65 
4.42 
4.50 

.234 
.228 
.222 

6.28 
5.82 
5.78 

11.15 
10.74 
11.20 

8.53 
3.27 
3.41 

16.21 
16.11 
15.61 

4.50 
4.17 
4.30 

.278 
.278 
.276 

7.79 
8.00 

7.61 

9.52 
10.26 
10.11 

4.94 
8.63 
4.26 

23.05 
20.47 
21.46 

6.88 
4.26 
5.66 

.414 
.208 
.316 

7.52 
7.01 
6.94 

8.24 
9.12 
8.72 

2.71 
2.60 
2.61 

14.63 
11.74 
14.25 

3.33 
8.32 
3.22 

.229 
.283 
.234 

12.02 
11.33 
10.51 

11.08 
10.42 
10.81 

Absorp- 
tion 
ratio « 


Fillmore  silt  loam: 

A  horizon 

Claypan  » 

Entire  profile 

Crete  silt  loam: 

A  horizon .., 

Claypan  • 

Entire  profile , 

Hastings  silt  loam: 

A  horizon 

Claypan » 

Entire  profile 

Holdrege  silt  loam: 

A  horizon 

Claypan  » 

Entire  profile 

Zeith  silt  loam: 

A  horizon 

Claypan » 

Entire  profile 

Phillips  sandy  loam: 

A  horizon... 

Claypan  • 

Entire  profile 

Fargo  clay: 

A  horizon 

Claypan  » 

Entire  profile 

McLeansboro  silt  loam 

A  horizon 

Claypan » 

Entire  profile 


Percent 
20.0 
49.1 
30.0 

20.1 
46.2 
25.0 

24.6 
84.9 
24.7 

21.6 
31.5 
21.7 

18.1 
23.4 

18.5 

13.1 
26.0 
21.4 

23.9 
58.8 
40.0 

19.1 
35.6 
28.6 


2.17 
1.93 
2.03 

2.08 
2.04 
2.07 

2.08 
1.97 
1.84 

2.27 
2.06 
2.15 

2.11 
1.97 
2.13 

2.38 
2.08 
2.20 

2.25 
1.93 
2.04 

2.08 
1.98 
2.19 


»  Determined  by  mechanical  analysis. 

*  Carbonates  deducted. 

*  Water  of  hydration  plus  water  equivalent  of  bases,  corrected  for  carbonates  and  organic  matter. 

*  Water  absorbed  over  3.3  percent  HjSOi  divided  by  water  absorbed  over  30  percent  H1SO4. 

*  Includes  only  Bi  and  Bi,  or  equivalent  horizons. 

It  would  appear  that,  with  the  exception  of  the  Fargo  soil,  the 
claypans  are  all  produced  by  the  same  process.  The  colloid  as  a 
whole  is  translocated  from  the  surface  downward  by  dispersion  and 
eluviation.  The  transfer  is  from  a  point  of  lower  toward  one  of 
higher  pH  value.  It  seems  probable  that  originally  the  parent 
material  contained  calcium  carbonate,  or  calcium  silicates.     As  a 
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result  of  leaching,  calcium  bicarbonate  was  formed  and  transported 
downward  through  the  parent  material  in  periods  of  excess  precipita- 
tion. During  dry  periods  the  bicarbonate  would  be  decomposed  and 
precipitated  as  the  carbonate  in  the  stratum  of  maximum  mean 
water  penetration.  The  soluble  calcium  salts  iust  above  the  carbon- 
ate layer  would  tend  to  flocculate  dispersed  colloid,  and  its  accumula- 
tion thus  tends  to  decrease  the  permeability  of  this  layer.  Where  the 
rainfall  is  sufficiently  high,  as  in  the  Fillmore  and  Crete  areas,  this 
layer  may  become  sufficiently  dense  as  to  be  practically  impermeable. 
From  the  description  of  the  soils  it  would  appear  that  it  is  immaterial 
whether  the  water  reaches  the  soil  by  rainfall  or  by  drainage  from 
higher  areas.  Where  the  rainfall  is  still  higher,  the  layer  of  calcium 
carbonate  cannot  form,  because  of  nearly  constant  underdrainage. 
The  exceeding  tightness  of  the  claypan  is  not  sufficient  to  stop  under- 
drainage completely  but  only  to  impede  it.  This  would  appear  to  be 
the  case  with  the  McLeansboro  profile.  Where  the  rainfall  is  less, 
the  concentration  of  colloid  in  the  B  horizon  is  not  so  great  and  the 
claypan  not  so  dense  or  impermeable.  This  is  the  case  in  the  Hastings 
and  also  the  Holdrege  profiles.  Where  it  is  sufficiently  low  no  claypan 
is  formed. 

The  chief  differences  between  the  Phillips  profile  and  the  profiles 
in  Nebraska  are  apparently  due  to  the  differences  in  the  parent  mate- 
rial which  is  glacial  drift  in  the  Phillips  area.  The  examination  of 
the  water-soluble  material  shows  a  reasonably  large  accumulation  of 
soluble  alkali  salts  beneath  the  B  horizon  (table  22  and  discussion). 
It  is  reasonable  to  assume,  therefore,  that  the  original  material  of 
which  the  soil  was  formed  contained  sufficient  salts  to  precipitate  the 
dispersed  colloid  and  to  form  a  nearly  impervious  layer,  under  a 
smaller  rainfall  than  in  the  loessial  region  of  the  Keith  areas.  Whether 
the  prairie  claypans  developed  on  glacial  drift  have  had  their  for- 
mation facilitated  by  the  presence  of  such  salts  cannot  be  inferred 
from  the  data  here  presented.  Also,  it  cannot  be  definitely  asserted, 
because  of  lack  of  information,  that  the  nonslick-spot  areas  adjacent 
to  the  Phillips  soils  were  developed  on  different  parent  drift.  It 
would  be  of  mterest  to  determine  this  point.  It  is  not  necessary  to 
assume  that  fractionation  of  the  colloids  has  had  any  part  in  the 
development  of  the  claypans,  though  evidence  of  such  fractionation 
is  detectable  in  any  case  where  a  claypan  is  formed.  Neither  is  it 
necessary  to  assume  that  free  ferric  hydroxide  or  aluminum  hydroxide 
have  played  a  part  in  the  development,  although  the  presumptive 
presence  of  small  amounts  of  both  is  to  be  granted. 

The  facts  presented  in  table  34,  on  which,  for  the  most  part,  the 
conclusions  just  stated  are  based,  are  as  follows:  The  silica-sesquiox- 
ide  ratios  of  all  the  soils  except  the  Fargo  show  essential  constancy  of 
composition  throughout  each  profile.  The  same  is  true  of  their  silica- 
alumina  ratios;  their  silica-iron  ratios;  and  the  water  of  combination 
of  the  soil  acids.  The  base  content  of  the  claypan  is  uniformly  greater 
than  in  the  A  horizons,  as  indicated  by  the  lower  value  of  the  silica- 
total  base  ratios.  The  lower  degree  of  concentration  of  colloid  in 
the  B  horizon  in  the  Keith  soil,  which  has  no  hardpan,  is  significant, 
and  equally  significant  of  the  probable  part  played  by  the  soluble  salts 
is  the  relatively  small  concentration  of  colloid  which  produces  the 
"tight'*  claypan  of  the  Phillips  soil.  The  existence  of  fractionation 
of  the  coUoid  is  indicated  strongly  in  the  McLeansboro  profile  by  the 
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decrease  of  the  silica-ferric  oxide  ratio  and  the  increase  of  the  ferric 
oxide-alumina  ratio  in  the  B  horizon  as  compared  with  the  A  horizons. 
This  alteration  is  less  in  the  Fillmore  profile  and  still  less  in  the  Crete 
profile.  It  becomes  still  less  definite  in  the  Holdrege,  Keith,  and 
rhillips  profiles. 

As  mdicated  in  the  discussion  of  tables  25^  26,  27,  and  28,  the  Fargo 
clav  presents  a  different  picture.  The  colloid  is  not  uniform,  and  the 
soil  is  not  leached  below  the  claypan.  It  would  appear  that  the  origi- 
nal clay  deposit  on  which  the  soil  developed  is  the  claypan,  and  that 
the  unquestioned  leaching  of  the  upper  part  is  due  to  ground  water 
rather  than  to  the  percolation  which  presumably  produces  the  humid 
podzols.  These  conclusions  are  based  in  part  on  the  concentrated 
data  of  table  34  and  in  part  on  the  more  detailed  data  of  tables  25, 
26,  27,  28,  and  33.  It  can  scarcely  be  conceived  that  leaching  through 
the  B  horizon  could  produce  a  soil  with  smaller  ferric  oxide-alumina 
ratio  in  the  B  than  in  the  A  horizons.  It  would  also  appear  from  the 
variations  of  the  silica-sesqui oxide  and  silica-alumina  ratios  and  the 
water  of  combination  of  the  soil  acids  that  the  lacustrine  deposit  is 
itself  a  relatively  highly  weathered  deposit. 

The  information  concerning  the  constitution  of  the  colloids,  which 
is  concentrated  in  table  34,  has  a  very  direct  bearing  on  the  views 
expressed  by  Brown  and  Byers  (7)  and  more  fully  by  Byers  (8). 
According  to  this  conception  of  soil  formation  there  are  in  the  differ- 
ent soil  colloids,  inorganic  ''acids"  of  definite  composition,  3H2O. 
Al203.6Si02,  montmorillonitic  acid;  3H20.Al203.4Si02,  pyrophyllic 
acid;  3H20.Al203.2Si02,  halloysitic  acid;  and  3H2O.AI2O3,  aluminum 
hydroxide.  The  names  are  derived  from  the  clay  minerals  which  most 
closely  approach  the  soil  colloids  in  composition.     Pyrophyllite  is 

Eartly  dehydrated  and  crystallized,  while  montmorillomte  appears  to 
e  a  hydrate  (10)  and  of  rather  indefinite  composition.  These  acids 
are  to  be  regarded  as  amphoteric  and  to  have  a  definite  constitution 
which,  in  the  absence  of  synthetic  evidence,  may  be  hypothetically 
represented  for  one  of  them  by  the  following  formula: 

O-Si-OH 

io 

1/  \ 

H0-8I  AlOH 

Pyrophyllic  acid 

The  colloids  are  to  be  regarded  as  the  salts  of  these  acids,  in  which 
a  part  of  the  acid  hydrogen  is  replaced  by  bases  and  of  the  basic 
hydroxyl,  attached  to  the  alumina,  by  acid  radicals.  The  inorganic 
part  of  the  colloid  is  associated  with  more  or  less  organic  matter,  but 
to  what  degree  the  inorganic  matter  is  associated  chemically  with 
organic  matter  is  not  made  evident  from  any  data  at  present  available. 
It  seems  reasonable  to  assume,  however,  that  a  part  of  the  bases  pres- 
ent in  a  soil  colloid  are  held  in  combination  by  humic  acid.  It  should 
be  clear,  from  all  the  considerations  involved,  that  under  normal  cir- 
cumstances pure  samples  of  the  compounds  in  question  are  not  to  be 
expected  to  occur  in  nature. 

That  a  very  close  approximation  to  the  hypothetical  pyrophyllic 
acid  is  found  m  the  colloid  of  the  first  six  profiles  summarized  in  table 
34  is  made  evident  from  the  following  considerations:  The  silica-ses- 
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quioxide  ratio  of  these  six  profiles  averages  3.53  ±0.13.  A  sample  of 
pyropbyllite,  beautifully  crystallized,  which  was  obtained  from  the 
Smithsonian  Institution  and  analyzed  by  R.  S.  Holmes,  has  a  silica- 
sesquioxide  ratio  of  3.67,  while  the  samples  of  this  mineral  reported 
by  Dana  {10)  range  between  the  limits  of  3.40  and  3.88. 

The  iron  content  of  these  colloids  is  essentially  wholly  associated 
with  the  alumino-silicate  radical,  i.e.,  plays  the  part  of  the  aluminum 
in  a  complex  acid  radical,  as  is  indicated  by  a  number  of  facts.  These 
soils,  when  treated  with  hydrogen  peroxide  for  removal  of  organic 
matter,  leave  a  grayish-w  hite  residue  with  no  trace  of  the  red  or  yellow 
color  of  iron  oxide.  The  silica-iron  oxide  and  iron  oxide-alumina 
ratios  fluctuate  in  the  different  parts  of  the  same  profile  within  ex- 
ceedingly narrow  limits,  as  compared  with  most  soil  colloids  of  other 
great  groups.  The  silica-alumina  ratios,  therefore,  ought  to  be 
greater  than  4,  as  they  are,  in  every  case.  The  siHca-total  base  ratio 
indicates  that  the  acid  complex  which  is  presumably  a  stronger  acid 
{8)  than  are  the  acids  of  lower  silica-sesquioxide  ratio  {8)  holds  the 
bases  strongly.  How  much  of  this  indicated  high  base  content  is  to 
be  ascribed  to  the  strength  of  the  acid  and  how  much  to  limited  leach- 
ing, under  low  rainfall,  cannot  be  determined. 

The  most  striking  evidence  of  a  definite  soil  acid  is  furnished  by  the 
water  of  combination  of  the  soil  acids  given  in  table  34.  The  quantity 
in  question,  it  may  be  repeated,  is  calculated  by  subtraction  of  the 
carbon  dioxide  and  organic  content  from  the  ignition  loss,  adding  to 
this  value  the  water  equivalent  of  the  bases  present  and  then  correcting 
this  value  for  the  organic  matter  and  carbonates  present.  This  opera- 
tion leaves  a  number  of  inaccuracies  and  uncertainties.  The  bases 
present  weigh  more  than  the  water  they  are  assumed  to  replace.  A 
part  of  the  manganese  is  also  in  manganous  form  and  therefore  re- 
places hydrogen,  but  how  much  of  it  is  so  held  is  not  determined. 
The  phosphorus  pentoxide  and  sulphur  trioxide,  so  far  as  they  are  a 
part  of  the  inorganic  complex,  also  replace  water  in  the  acid  complex 
which  is  amphoteric.  It  is  certain,  however,  that  a  part  of  each  of 
these  is  associated  with  the  organic  part  of  the  colloid. 

These  uncertainties  are  quantitatively  relatively  unimportant. 
There  are,  however,  two  other  sources  of  inaccuracy  which  cannot  be 
so  dismissed.  The  assumption  is  generally  made  that  all  water  given 
off  from  a  soil  colloid  below  105°  C.  is  not  chemically  associated  with 
it.  This  may  be  true  of  colloids  of  the  general  type  of  aluminum 
hydroxide,  but  it  cannot  be  assumed  in  the  case  of  substituted  silicic 
acid,  such  as  are  assumed  to  exist  in  these  colloids.  How  large  the 
error  introduced  by  making  this  assumption  may  not  be  estimated. 
The  laboratory  of  the  Division  of  Soil  Chemistry  and  Physics,  Bureau 
of  Chemistry  and  Soils,  is  at  present  engaged  on  this  point,  but  the 
data  are  not  yet  available. 

Another  known  source  of  error  is  the  uncertainty  in  the  determina- 
tion of  the  organic  matter,  which  has  been  reviewed  by  Alexander 
and  Byers  (^).  This  error  is  likely  to  be  compensatory  for  the  others, 
since  the  organic  matter,  as  calculated  from  the  factor  0.471  X  CO2,  is 
probably  too  low,  thus  making  the  apparent  water  content  as  reported 
somewhat  too  high.  All  the  other  undetermined  or  neglected  correc- 
tions would  tend  to  increase  the  combined  water  values.  When 
these  items  are  considered,  the  fact  that  the  mean  value  of  the  water 
of  combination  of  the  six  profiles  is  10.45  ±  0.86  shows  that  the  con- 
stancy is  too  great  to  be  considered  accidental.     PyrophylHc  acid, 
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H3AlSi207,  should  have  a  water  content,  if  pure,  of  13.6  percent. 
The  trend  of  the  evidence  is  that  this  acid,  if  it  exists  in  these  soils, 
does  so  as  an  acid  salt  of  the  general  type,  MH5(AlSi207)2.  This  gen- 
eral relation  is  supported  by  the  fact  that  the  water  equivalent  of  the 
bases  is  on  the  average  2.28  and  therefore  a  ratio  with  the  13.6  percent 
of  6.0.  If  then,  the  acid  is  pyrophyllic  acid,  approximately  1  out  of  6 
hydrogen  ions  are  neutralized.  It  is  scarcely  to  be  expected  that  an 
acid  salt  of  this  type  can  be  heated  to  105°  C.  and  not  lose  a  part  of 
its  water.  The  behavior  to  be  expected  should  be  analagous  to  that 
of  silicic  acid  itself.  The  general  conclusion  is  therefore  that  a  definite 
acid  of  the  pyrophyllic  type  exists  in  the  six  profiles  just  considered. 
This  statement  may  also  be  considered  as  being  applicable  to  the 
colloids  of  the  Barnes  silt  loam  profile,  reported  by  Denison  (12),  the 
Colby  silty  clay  loam  reported  by  Middleton,  Slater,  and  Byers  (20) y 
and  the  Amarillo  silty  clay  loam  reported  by  Anderson  and  Byers  (5), 
all  of  which  are  chernozem  soils. 

The  relation  of  this  coUoid  of  essentially  constant  composition  to 
climatic  and  other  conditions  requires  some  consideration  in  view  of  a 
recently  published  paper  by  Reifenberg  {22).  This  author  attempts  to 
show  that  there  is  a  direct  relation  between  the  silica-sesquioxide  ratio 
and  rainfall.  He  uses  analyses  of  American  soil  colloids  as  the  basis  of 
his  argument  and  cites  the  apparently  conflicting  evidence  of  Robinson 
and  Holmes  and  of  Crowther  on  the  one  hand  and  of  Jenny  and  of 
Baver  and  Scarseth  on  the  other.  In  view  of  the  fact  that  the  same 
colloid  develops  with  a  range  in  rainfall  from  13  to  32  inches,  it  can 
scarcely  be  established  that  rainfall  is  the  sole  determming  influence. 
Indeed,  such  could  scarcely  be  true,  even  though  colloid  formation  is 
essentially  a  hydrolysis.  Temperature  changes  affect  hydrolysis 
both  as  to  rate  and  to  the  changes  produced  on  the  resulting  hj^drolytic 
products.  It  seems  apparently  clear  also  that  the  parent  material 
plays  a  part  in  the  process,  and  the  resultant  effect  of  all  these  on  the 
vegetative  cover  is  to  be  taken  into  account.  It  seems  a  useless  ex- 
penditure of  effort  to  attempt  to  assign  to  any  one  of  these  a  primary 
role.  It  is  probably  the  case  that  the  relative  importance  of  these 
fundamental  factors  in  soil  formation  is  variable  under  different 
conditions. 

The  Fargo  soil  colloid  (table  34)  presents  a  somewhat  different  case. 
It  would  seem  to  have  a  composition  which  indicates  an  intermediate 
condition  between  the  montmorillonitic  type  of  colloid  and  the 
pvrophyllic  type.  This  is  not  believed  to  be  the  case,  despite  the  high 
silica  ratios  of  the  A  horizon.  It  seems  more  probable  that  the  true 
character  of  the  colloid  is  represented  by  the  silica-sesquioxide  ratio  of 
the  B  horizon,  and  that,  as  previously  mentioned,  the  A  horizons, 
especially  the  A2  horizon,  are  affected  by  secondary  silica  of  colloidal 
dimension.  Of  greater  interest  is  the  water  content  of  the  soil  acid, 
and  the  evidence,  previously  mentioned,  of  the  pseudopodzolic 
character  of  the  profile.  The  data  at  hand  allow  only  the  conclusion 
that  the  ground  water  podzols  of  the  semiarid  region  of  the  Northwest 
deserve  a  much  more  intensive  investigation. 

The  McLeansboro  profile  is  typically  that  of  the  prairie  soils.  The 
colloidal  acid  has  characteristics  of  an  intermediate  stage  between 
that  of  the  pyrophyllic  structure  and  the  halloysitic.  The  debasing 
effect  of  the  high  rainfall  is  apparent.  The  water  content  of  the  soil 
acid  is  slightly  higher  than  for  the  chernozems  but  still  much  below 
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that  of  h  alloy  si  tic  acid.  The  results  are  in  harmony  with  those  for 
prairie  soils  presented  by  Middleton,  Slater,  and  Byers  (W)  —the 
Marshall  soil  from  Iowa,  the  Shelby  from  Missouri,  and  the  Palouse 
from  Washington. 

The  absorption  ratios  given  in  the  last  column  of  table  34  require 
some  special  consideration.  As  already  mentioned,  Brown  and 
Byers  (7),  in  their  study  of  the  fractionation  of  soil  colloids,  have 
called  attention  to  the  wide  variation  in  the  water-vapor  absorption  of 
colloids  of  different  types  and  different  colloidal  dimension.  They  also 
pointed  out  that  surface  alone  is  not  an  adequate  explanation  of  the 
variations  observed.  In  the  series  of  colloids  under  present  considera- 
tion, there  is  also  found  in  colloids  of  presumably  like  size  a  rather 
wide  variation  in  the  water-vapor  absorption;  a  range  between  the 
limits  of  19.58  and  35.93  percent  for  99  percent  humidity  and  between 
8.56  and  18.17  percent  for  75  percent  humidity.  There  is,  however, 
no  such  range  between  the  ratios  observed  as  given  in  table  34.  It 
has  been  pointed  out  that  a  partial  explanation  may  exist  in  the  be- 
havior of  organic  matter,  but  that  this  alone  does  not  account  for  the 
phenomena.  It  would  again  seem  that  this  ratio  is  associated  with 
the  chemical  composition  of  the  colloid.  Since,  then,  the  general 
character  of  these  colloids  is  the  same,  there  should  be  a  similar  ratio. 
It  is  possible  that  the  pyrophyllic  colloid,  when  exposed  to  water 
vapor,  absorbs  water  to  form  a  fully  hydrated  acid  and  holds  this 
water  at  75  percent  humidity  more  tenaciously  than  do  colloids  domi- 
nantly  halloysitic  or  lateritic.  This  possibility  is  intriguing  and  calls 
for  special  study. 

Some  unfinished  investigations,  at  present  being  carried  on,  lend 
some  support  to  the  view  expressed.  At  present,  they  do  not  furnish 
proof.  There  are  also,  particularly  in  the  work  of  Anderson  and 
Mattson  (5)  and  of  Anderson  (2),  data  which  show  a  marked  influence 
of  the  presence  of  bases  in  the  colloids  on  the  water-vapor  absorption 
at  75  perceat  humidity.  In  what  degree  these  differences  affect  the 
absorption  ratio  is  not  apparent. 

SUMMARY 

There  are  presented  detailed  mechanical  and  chemical  analyses  of 
complete  profiles  of  eight  soils,  together  with  the  analyses  of  their 
coUoids.  Included  with  these  analyses  are  determinations  of  the  sol- 
uble salts  and  hydrogen-ion  concentrations  of  each  horizon  and  the 
water-vapor  absorption  of  the  colloids  over  3.3  and  30  percent  sul- 
phuric acid.  The  analyses  are  preceded  by  a  careful  description  of 
each  profile  and  a  description  of  the  areas  in  which  the  soils  occur, 
together  with  data  on  climatic  and  vegetative  conditions. 

From  the  analytical  data  are  calculated  the  usual  ratios  of  the  sihca 
to  sesquioxide,  iron  oxide,  alumina,  and  total  bases;  also  the  ferric 
oxide-alumina  ratios.  The  data  are  also  made  the  basis  of  calculation 
of  what  is  called  the  total  combined  water  of  the  soil  acid ;  that  is,  the 
combined  water  of  the  soil  colloid  plus  the  water  equivalent  of  the 
bases  present. 

The  data  show  that  the  six  chernozem  soils  contain  a  colloid  which, 
though  developed  under  a  rainfall  ranging  from  13  to  32  inches,  is 
essentially  the  same  material.  It  varies  in  calcium  carbonate,  organic- 
matter,  and  base  content,  but  it  has  a  mean  value  of  the  silica-sesqui- 
oxide  ratio  of  3.53.     The  analyses  of  Fargo  clay  show  it  to  be  a 
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pseiidopodzol,  the  gray  layer  of  which  may  be  considered  as  being 
produced  by  chemical  action  rather  than  colloidal  translocation  down- 
ward.   The  McLeansboro  profile  is  chemically  a  tvpical  prairie  soil. 

An  explanation  is  offered  for  the  existence  of  the  claypans  and  for 
their  absence  when  not  found. 

A  general  discussion  of  the  chemical  and  physical  properties  of  the 
colloids  is  made  the  basis  for  the  conclusion  that  the  dominant  material 
in  the  colloid  is  an  acid  salt  of  the  hypothetical  pyrophyllic  acid, 
H8AlSi207.  This  salt  is  considered  to  have  the  general  formula 
MH5(AlSi207)2  in  which  the  bases  are  chiefly  magnesium,  calcium, 
potassium,  and  sodium. 

The  examination  of  the  moisture  relations  leads  to  the  apparently 
unorthodox  and  improbable  conclusion  that  the  water-vapor  absorp- 
tion of  the  organic  colloid  of  these  chernozems,  at  least,  is  less  than 
for  the  corresponding  inorganic  colloid,  although  other  possible  expla- 
nations are  pointed  out.  Which  of  these,  or  some  other  explanation, 
is  correct  must  be  decided  on  in  the  light  of  future  evidence.  These 
data  also  lead  to  the  tentative  conclusion  that  chemical  relations  play 
an  important  part  in  determining  the  quantity  of  hygroscopic  water 
which  may  be  absorbed  by  soil  colloids. 
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INTRODUCTION 

The  watermelon  is  an  important  cash  crop  in  man^  sections  of  the 
United  States.  A  large  percentage  of  the  commercial  production  is 
centralized  in  southern  areas  where  soil  and  climatic  conditions  are 
suited  to  its  growth.  Thirty-three  of  the  States  have  made  carload 
shipments  at  various  times  during  the  1926-31  period.  Although 
part  of  the  crop  is  consumed  locally,  the  disposal  of  the  larger  part  of 
the  commercial  production  must  be  made  in  markets  outside  the  area 
where  grown.  The  weight  and  bulk  of  the  crop  tend  to  limit  the 
area  of  profitable  market  distribution. 

The  reports  of  the  Division  of  Crop  and  Livestock  Estimates  indi- 
cate an  average  of  215,728  acres  utilized  for  growing  watermelons 
commercially  m  the  United  States  during  the  period  from  1927  to 
1931,  inclusive.  This  acreage  produced  an  estimated  average  of 
69,868,400  melons  per  year,  equivalent  to  about  70,000  cars,  from 
which  an  average  of  51,233  cars  were  reported  shipped  to  market  each 
season.  The  farm  value  of  the  crop  is  estimated  to  have  averaged 
$10,031,600  per  year  for  the  period  included. 

Florida,  Georgia,  Alabama,  and  the  Carolinas,  named  in  the  order 
of  movement,  supply  the  greater  part  of  the  territory  east  of  the 
Mississippi  River.  Texas  melons  go  to  the  Central  States,  and  Cali- 
fornia supplies  a  large  part  of  the  Pacific  coast  area. 

The  marketing  of  these  watermelon  crops,  which  approximate  70 
million  melons  annually,  presents  many  problems.  Statistical  infor- 
mation as  to  areas  of  production,  time  and  volume  of  the  carload 
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movement,  sources  of  market  supply,  and  volume  of  market  demands 
will  aid  in  solving  these  problems. 

The  analysis  in  this  bulletin  is  based  on  the  carload  movement, 
since  a  large  part  of  the  commercial  movement  is  by  rail  in  carload 
lots.  Largely  because  of  the  bulk  and  relative  cheapness  of  water- 
melons the  proportion  of  the  crop  hauled  to  distant  markets  by  truck 
is  smaller  than  for  most  other  fruits  and  vegetables  grown  in  the  same 
areas. 

Past  performances  are  not  infallible  indicators  for  future  opera- 
tions, yet  experience  has  proved  that  proper  use  of  the  records  of  the 
past,  in  connection  with  the  current  official  information  on  crop  and 
market  conditions,  is  of  value  in  determining  marketing  activities. 
To  present  the  watermelon  statistical  situation  of  the  United  States, 
as  indicated  by  the  Department  of  Agriculture's  records  of  the  6 
years,  1926-31,  typical  graphic  illustrations  are  included  in  this 
bulletin.  Statistical  tables  and  comments  are  added  as  such  informa- 
tion aids  in  solving  a  specific  problem. 

AREAS  WHERE  GROWN 

Although  the  crop  is  grown  as  far  north  as  Minnesota  and  Michigan, 
practically  93  percent  of  the  volume  shipped  originates  south  of  the 
thirty-seventh  parallel.  The  bulk  of  the  commercial  watermelon 
crop  is  grown  in  the  five  Southeastern  States.  Eastern  Texas,  the 
Imperial  Valley,  and  central  California  are  other  important  centers. 

The  watermelon  can  be  grown  in  many  sections  of  the  United  States 
but  the  southern  sections  seem  better  adapted  to  its  cultivation. 
Florida  produces  the  early  crop  for  eastern  markets.  Texas  and  the 
Imperial  Valley  grow  the  early  crop  for  the  middle  western  and 
western  markets.  Central  Georgia  is  the  leading  watermelon  section 
of  the  United  States.  Washington,  Colorado,  South  Dakota, 
and  Michigan  are  the  northern  limits  of  commercial  watermelon 
production. 

ACREAGE 

During  the  1931  season,  238,620  acres  were  utilized  for  growing  the 
commercial  crop  of  watermelons  in  the  United  States  (table  1). 
This  acreage  is  about  13  percent  larger  than  that  of  1922  and  nearly 
52  percent  above  the  low  acreage  of  1923.  The  trend  of  watermelon 
acreage  as  a  whole  has  been  upward  in  recent  years.  The  greatest 
increase  in  acreage  occurred  in  the  second-early  group  of  States. 

Georgia  planted  about  30  percent  of  the  total  commercial  water- 
melon acreage  of  the  United  States  during  the  period  of  1922-31. 
Texas,  Florid.a,  and  South  Carolina  are  other  leading  States  in  water- 
melon acreage.  Imperial  Valley  of  Cahfomia  has  more  than  doubled 
its  acreage  since  1922. 

YIELD  PER  ACRE 

The  yield  per  acre  of  watermelons  varies  considerably  from  year  to 
year.  During  the  10  years  1922-31,  the  range  of  yields  in  Imperial 
Valley  was  from  540  to  790  melons  per  acre,  with  an  average  of  680. 
Georgia  reports  a  range  of  188  to  400  melons  per  acre  with  an  average 
of  322  for  the  same  period.  Delaware,  in  the  late-crop  area,  reported 
a  range  of  100  to  400  with  an  average  of  287  melons  per  acre.     The 
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average  yield  for  the  entire  commercial  area  was  reported  as  322 
melons  per  acre.  These  yields  represent  the  entire  production. 
During  this  period  about  one  car  of  melons  was  marketed  by  rail  for 
each  4  acres  planted. 


Table  1. — Estimated  commercial  acreage  of  watermelons,  hy  States, 


-31 


Group  and  State 


Early: 

California  (Imperial  Val- 
ley)  

Florida 

Group  total- 

Second  early: 

Alabama 

Arizona 

Georgia 

Mississippi 

North  Carolina 

South  Carolina. 

Texas 

Group  total 

Late: 

Arkansas 

California     (other     than 

Imperial  Valley) 

Colorado 

Delaware 

Illinois 

Indiana . 

Iowa 

Maryland— 

Missouri 

New  Jersey 

Oklahoma 

Virginia—- 

Washington 

Group  total 

Grand  total.- 


1922       1923       1924       1925       1926       1927       1928       1929       1930       1931 


Acres 
4,300 


42,  380 


12,  760 
1,200 

66,550 

740 

5,100 

15,  710 

25,500 


127,  560 


1,340 

6,220 

660 

1,380 

2,710 

2,850 

2,240 

2,100 

11,  670 

1,060 

4,520 

3,400 

750 


40,900 


210,  840 


Acres 
3,400 
30.880 


34,280 


7,130 
900 
42,  410 
750 
4,730 
11,200 
24,920 


92,040 


780 

5,080 

400 

920 

1,870 

3,050 

2,200 

1,850 

6,420 

1,160 

3,850 

2,480 

800 


30,860 


157, 180 


Acres 
3,800 
28,280 


32,  080 


10,  940 
1,230 

45,890 

800 

6,420 

15, 070 

30,800 


111,  150 


950 

8,040 
380 
1,000 
3,120 
3,540 
2,840 
2,000 
9,670 
2,400 
3,800 
3,040 
820 


41,600 


184,  830 


Acres 
4,000 
22,100 


26,100 


10,  030 
1,100 

45,  890 

810 

4,100 

11,010 

32, 020 


104,  960 


1,480 

6,370 
300 
1,900 
2,820 
3,440 
1,880 
1,920 
12,200 
2,400 
4,000 
3,100 


173,  710 


Acres 

6,000 

24, 150 


30, 150 


11,030 
1,200 

53,600 
1,240 
4,880 

12,720 

34.900 


119,570 


2,700 

6,820 

300 

2,000 

3,200 

3,440 

1,640 

1,800 

17,500 

2,200 

4,000 

3,100 

640 


49,  340 


199,060 


Acres 

5,500 

29,420 


34, 920 


9,820 
1,200 
55,  220 
1,300 
5,610 
12,  470 
29,660 


115,  280 


2,200 

4,280 

700 

980 

2,880 

2,720 

1,380 

1,240 

8,000 

1,500 

3,000 

2,320 

710 


31,910 


182, 110 


Acres 

7,000 

37, 840 


44, 840 


9,330 

1,150 

62,950 

1,400 

5,610 

14,  340 

35,  080 


129,  860 


2,700 

5,300 
1,150 
880 
3,170 
3,240 
1,610 
1,180 
5,000 
1,000 
3,270 
2.320 


31,  710 


206,  410 


Acres 
8,000 
40,000 


48,000 


7,460 

1,250 

71,000 

1,330 

5,500 

11,500 

34,240 


132,  280 


2,400 

6,520 
1,070 
600 
3,200 
3,200 
1,580 
1,400 
5,700 
1,000 
4,260 
4,100 
1,000 


36, 


216,  310 


Acres 
8,500 
34,700 


43,200 


7,000 

1,250 

80,000 

1,440 

7,600 

15,200 

34,800 


147,290 


3,800 

8,070 
1,070 
690 
3,620 
3,780 
1,850 
1,600 
8,550 
1,200 
5,110 
4,300 
1,060 


44,700 


235, 190 


Acres 

9,300 

31,000 

40,300 


7,100 
1,250 
75,000 
1,150 
10,500 
16,000 
34,100 


145, 100 


4,000 

9,750 
1,120 

760 
3.800 
4,300 
2,400 
1,900 
10,690 
1,300 
8,000 
4,300 

900 


53,220 


1  As  reported  by  Bureau  of  Agricultural  Economics  (truck  crop  section)  in  Crops  and  Markets,  Decem- 
ber 1931;  and  special  reports  of  Jan.  7,  1931,  and  May  11,  1932,  except  that  estimates  for  Idaho,  Nevada, 
and  Oregon  in  some  years  have  been  omitted  from  this  table.  Acreage  estimates  are  not  prepared  for  certain 
other  States  which  occasionally  report  shipments  in  carloads.  1928  to  1931,  inclusive,  partially  revised  to 
1929  census  basis;  for  earlier  years  not  so  revised. 


PRODUCTION 

The  total  commercial  production  for  the  States  shown  in  table  2 
has  averaged  64,636  cars  per  year  for  the  10-year  period  1922-31. 
Of  this  production  37,078  carloads  or  more  than  57  percent  were 
grown  in  the  second-early  group  States.  The  remainder  of  the 
production,  a  little  less  than  43  percent,  has  been  divided  about 
equally  between  the  early  and  late  groups.  Idaho,  Nevada,  and 
Oregon  which  appear  in  the  reports  of  the  Division  of  Crop  and 
Livestock  Estimates  are  omitted  from  this  table.  Production  is 
stated  in  carloads  for  comparison  with  carload  shipments  shown  in 
table  3. 

The  early  crop  grown  in  Florida  represents  about  15  percent  of  the 
commercial  production  of  the  United  States.  Georgia  produces 
more  than  one  half  of  the  second-early  crop  or  about  30  percent 
of  the  total  commercial  crop.  California,  other  than  Imperial  Val- 
ley, leads  the  late-crop  States  in  volume  of  production.  Missouri 
and  Texas  produce  about  16  percent  of  the  commercial  crop  (table  2). 
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Table  2. — Estimated  commercial  production  of  watermelons^  by  States,  1922-31  ^ 


Group  and  State 

1922 

1923 

1924 

1926 

1926 

1927 

1928 

1929 

1930 

1931 

Early: 

California  (Imperial  Val- 
ley)      

Cars 
2.322 
14, 470 

Cars 

2,040 

5,404 

Cars 

2,280 

6,929 

Can 
3,000 

8,288 

Cars 
4,560 
10,843 

Cars 

3,597 

8,826 

Cars 
4,914 
10,406 

Cars 
6,304 
11,600 

Cars 
6,060 
10, 410 

Cars 
6,529 

Florida          

10,230 

Group  total 

16,792 

7,444 

9,209 

11,288 

15,403 

12,423 

15,320 

17,904 

16, 470 

16. 759 

Second  early: 

3,956 

408 

20,630 

248 

1,632 

4,713 

8,642 

1,697 
288 
7,973 
202 
1,745 
4,200 
9,195 

3,173 

184 

16,750 

212 

963 

6.706 

6,930 

2,618 

352 

15,878 

304 

1,304 

4,668 

5,636 

3,254 

402 

20,958 

217 

1,484 

5.  215 

6,980 

2,946 
420 
17,946 
390 
2.014 
4,240 
8,156 

2,332 

391 

18,885 

392 

1,683 

4,302 

8,770 

2,387 

400 

23,430 

466 

990 

3,795 

6,163 

2,660 

412 

32,000 

396 

2,052 

5,472 

8,178 

2,414 

Arizona              .  . 

425 

Georgia 

20,250 

380 

North  Carolina        

2,940 

South  Carolina 

4,560 

Texas 

8,525 

Group  total 

40,129 

25,300 

34, 918 

30,760 

38,510 

36,112 

36,  755 

37,631 

51, 170 

39,494 

Late: 

415 

2,612 
231 
345 
881 
998 
784 
735 

3,618 
450 

1,582 

1,190 
300 

226 

2,032 
140 
350 
720 
854 
660 
703 

1,926 
454 
962 
662 
240 

380 

3,851 
114 
280 
780 

1,062 
781 
500 

2,418 
948 
950 
608 
287 

432 

2,648 

97 

697 

818 

1,204 

658 

691 

3,575 

1,200 

1,260 

976 

294 

540 

3,008 
108 
800 
816 
980 
420 
648 

5,688 
462 

1,300 
781 
234 

594 

1,644 
105 
98 
734 
778 
442 
446 

1,800 
300 

1,146 
731 
249 

810 

4,235 
367 
132 
824 

1,134 
523 
401 

1,430 
250 
818 
784 
305 

893 

4,929 

321 

180 

1,120 

1,152 

291 

385 

1,550 

500 

1,193 

1,476 

400 

665 

6,359 
342 
166 
724 
869 
388 
360 

1,624 
600 
869 

1,376 
318 

1,200 

California  (other  than  Im- 
perial Valley) 

6,844 

Colorado 

336 

304 

Illinois 

1,064 

1,290 

Iowa                -         -      - 

576 

Maryland 

760 

3,207 

New  Jersey 

520 

Oklahoma 

1,280 

Virginia       

1,505 

Washington 

288 

Group  total            -  - 

14, 141 

9,929 

12,  959 

14,450 

15,785 

9,067 

12,013 

14,390 

14,660 

19, 174 

Grand  total 

71,062 

42, 673 

57.086 

66,498 

69,  698 

57,602 

64,088 

69,  925 

82,300 

75,427 

'  Production  for  the  States  named,  as  reported  by  Truck  Crop  Section,  Bureau  of  Agricultural  Economics, 
reduced  to  cars  on  a  basis  of  1,000  melons  to  the  car.  Commercial  production  not  estimated  for  certain  States. 
See  also  note  to  table  1. 

COMMERCIAL  VARIETIES 

Relatively  few  varieties  of  watermelons  are  of  commercial  impor- 
tance. The  Tom  Watson  is  by  far  the  leading  commercial  variety. 
Some  of  the  other  varieties  appearing  on  the  markets  in  1931  include 
the  Thurmond  Gray,  Irish  Gray,  Dixie  Belle,  Excell,  Rattlesnake, 
Stone  Mountain,  and  Klondike. 

CROP  MOVEMENT 

The  States  name  in  table  3  are  considered  representative  of  the 
commercial  watermelon  industry.  These  States  are  included  in  the 
acreage,  yield,  and  production  estimates  issued  by  the  Division  of 
Crop  and  Livestock  Estimates.  The  Market  News  Service  of  the 
Department  of  Agriculture  includes  in  its  reports  all  car-lot  shipments 
made  in  the  United  States  which  accounts  for  the  slightly  larger  total 
shipments  published  by  that  service. 

During  the  10-year  period  (1922-31)  practically  74  percent  of  the 
total  watermelon  production  (table  2)  of  the  United  States  was 
marketed  in  carloads.  These  shipments  included  85  percent  of  the 
early  crop,  80  percent  of  the  second-early  crop,  and  47  percent  of  the 
late  crop.  The  smallest  total  shipments  were  made  in  1923,  and  the 
largest  during  1930  (table  3). 

The  shipment  of  watermelons  to  market  by  motor  truck  is  of  much 
less  importance  than  in  the  case  of  many  other  fruits  and  vegetables. 
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For  example,  the  reported  motor-truck  unloads  in  percentage  of  total 
watermelon  unloads  in  1931  were  for  New  York  City  0.5  percent,  for 
Philadelphia  17  percent,  for  Boston,  less  than  1  percent,  for  Denver 
4  percent,  and  for  Los  Angeles  28  percent.  The  truck  receipts  of  this 
commodity  are  probably  of  relatively  greater  importance  in  Phila- 
delphia and  Los  Angeles  than  in  most  of  the  other  markets. 

Table  3. — Carload  shipments  of  watermelons  from  the  States  shown,  1922-31  ^ 


Group  and  State 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

Early: 

California  (Imperial  Val- 
ley) 

Cars 
2  2, 024 
11,341 

Cars 

2  2,030 

4,317 

Cars 
2,202 
6,365 

Cars 

2,800 

7,190 

Cars 

4,513 

8,384 

Cars 

3,650 

8,486 

Cars 

3,477 

9,195 

Cars 
4,658 
10, 479 

Cars 
4,320 

8,687 

Cars 
4  686 

Florida 

9,  503 

Group  total 

13, 365 

6,347 

8,657 

9,990 

12, 897 

12,  035 

12,  672 

15, 137 

13,007 

14, 189 

Second  early: 

Alabama. 

1,941 

69 

13, 418 

113 

993 

4,677 

4,203 

1,256 
109 
7,222 
75 
1,542 
4,009 
5,317 

2,278 

159 

16,347 

198 

664 

4,972 

6,613 

1,880 

167 

14,754 

219 

991 

4,232 

3,157 

1,943 
176 
19, 379 
208 
1,301 
6,396 
6,314 

1,379 
133 
16, 762 
182 
1,144 
4,031 
6,619 

769 

88 

17,558 

197 

1,252 

3,822 

6,450 

722 

126 

21,882 

251 

758 

3,494 

4,460 

1,066 

83 

25, 824 

206 

1,766 

4,953 

6,048 

978 

Arizona 

24 

18,499 

139 

North  Carolina 

2,486 

South  Carolina 

4,206 

Texas 

4,082 

Group  total 

25,404 

19,530 

31,131 

25,400 

34,  716 

29,250 

30, 136 

31,  693 

39, 935 

30,  414 

Late: 

Arkansas 

325 

a  2, 278 
148 
299 
289 
542 
684 
379 
2,752 
39 
308 
156 
252 

190 

2  2, 024 

55 

245 

433 

484 

586 

666 

1,783 

59 

66 

166 

175 

352 

2,103 

56 

259 

188 

378 

50 

427 

1,432 

10 

205 

99 

216 

411 

1,722 
80 
348 
339 
646 
289 
531 

3,293 

78 

141 

375 

259 

471 

1,766 

71 

181 

166 

389 

,   135 
402 

2,843 

22 

249 

375 

191 

321 

1,671 
34 
64 
66 
46 
107 
161 
533 
14 
429 
294 
200 

347 

2,112 
35 
60 
163 
322 
123 
208 
851 
17 
613 
488 
261 

439 

1,708 

31 

62 

159 

299 

83 

210 

1,039 

16 

538 

487 

307 

270 

1,959 
90 
41 
81 
102 
100 
311 

511 
510 
239 

307 

California     (other     than 

Imperial  Valley) 

Colorado. 

1,568 
93 

Delaware 

68 

Illinois 

96 

Indiana 

305 

109 

Maryland— 

651 

Missouri 

2,662 

New  Jersey 

45 

Oklahoma 

244 

939 

192 

Group  total 

8,451 

6,832 

5,774 

8,612 

7,260 

3,939 

5,  480 

5,368 

5,642 

7,269 

Grand  total 

47,220 

32,709 

45,  462 

43,902 

54,873 

46,224 

48,288 

62, 198 

68.584 

51, 872 

1  Carload  shipment  reports  also  include  shipments  from  Idaho,  Kansas,  Louisiana,  Michigan,  Missis- 
sippi, Nevada,  Oregon,  South  Dakota,  and  Utah  during  the  period. 

2  state  total  was  divided  on  a  basis  of  average  shipments  for  the  subsequent  years  shown,  during  which 
shipments  from  these  sections  were  reported  separately. 

During  the  1926-31  period,  shipments  of  watermelons  have  been 
reported  by  the  railroads  from  1,351  stations  in  the  United  States. 
The  time  and  volume  of  these  movements  vary  considerably  from 
year  to  year.  Although  the  major  portion  of  these  shipments  are 
made  from  a  few  large  centers,  there  are  many  scattering  shipments 
which  appear  from  time  to  time  from  stations  outside  the  centralized 
sections.  Moultrie,  Colquitt  County,  Ga.,  made  the  largest  number 
of  carload  shipments  of  watermelons  in  the  United  States  during 
the  5-year  period,  1926-30.  These  shipments  averaged  824  cars  per 
year. 

TIME  OF  CROP  MOVEMENT 

The  shipping  period  for  watermelons  varies  each  year  in  accord- 
ance with  the  climatic  conditions  of  the  season.  During  the  6  years, 
1926-31^  the  shipping  season  has  started  as  early  as  April  20,  from 
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Florida  in   1929,  and  as  late  as  May   16,  from  California  in   1931. 
Table  4. 

Table  4. — Shipping  season  of  watermelons,  by  States,  1926-31 


Group  and  State 

1926  shipments 

1927  shipments 

1928  shipments 

First 

Last 

Total 

First 

Last 

Total 

First 

Last 

Total 

Western: 

California 

May  14 
May  18 
July     8 
July   21 
July   27 
July   28 
Aug.  14 

May  23 
May  28 
June  19 
June  24 
June  29 
June  30 
July     5 
July     7 
July     8 
July    13 
July    16 
July    28 
Aug.  10 
Aug.  11 

...do 

Aug.  12 
Aug.  16 
Aug.  21 
Sept.    2 
Sept.  15 

Oct.     9 
July   30 
July   29 
Sept.   8 
Aug.  30 
Sept.  25 
Oct.     7 

Aug.     9 
Oct.    13 
Oct.      3 

...do 

Sept.  17 
Sept.  25 

Aug.  15 
Sept.  17 
Aug.  26 
Sept.  11 
Oct.    21 
Oct.     6 
Sept.  22 
Sept.  23 
Oct.     9 
Sept.  17 
Sept.  26 
Oct.     9 

Cars 
6,278 
176 
16 
44 
24 
191 
71 

8,384 

6,314 

19, 379 

1,943 

5,395 

1,301 

2,843 

208 

24 

375 

471 

249 

166 

389 

402 

137 

135 

181 

20 

22 

May  17 
May  28 
July  22 
Aug.  13 
Aug.  16 
Aug.     5 
Aug.  23 

Apr.  27 
May  17 
June    6 
June    8 
June  18 
July     3 
July   29 
June  16 
June  28 
Aug.  12 
July    10 
July   25 
Aug.  25 
Aug.  31 
Aug.  19 
Aug.  26 
Aug.  23 
Aug.  30 
Aug.  15 
Aug.  10 

Oct.    25 
Aug.     7 
Aug.  18 
Sept.  28 
Sept.  23 
Oct.      4 
Oct.    15 

Aug.  24 
Oct.      7 
Oct.      6 
Sept.  15 
Aug.  31 
Sept.    5 
Oct.     5 
Aug.  31 
Aug.     1 
Sept.  16 

'Sept''l4' 
Oct.      5 
Sept.  24 
Sept.  19 
Oct.     3 
Oct.      5 
Sept.  20 
Sept.  30 
Sept.  24 

Cars 

5,221 

133 

13 

24 

10 

200 

34 

8,485 

5,619 

16,  762 

1,397 

4,031 

1,144 

533 

182 

58 

294 

321 

429 

66 

45 

161 

114 

107 

64 

5 

14 

May  18 
May  24 
July    17 
July  30 
Aue.    4 
Aug.     1 
Sept.    1 

May    1 
June    2 
June  26 
June    9 
July     4 
July   17 
Aug.    3 
July    10 
July   13 
July   17 
July   23 
Aug.     2 
Aug.  13 
Aug.  15 
Aug.    4 
Aug.  26 
Aug.  13 
Sept.    1 
Sept.  10 
Sept.    2 

Oct.    13 
Oct.     7 
Aug.  14 
Sept.  13 
Aug.  29 
Sept.  25 
Oct.    23 

Aug.  16 
Oct.    25 
Sept.  23 
Sept.  21 
Aug.    4 
Aug.  30 
Sept.  23 
Sept.  14 
Aug.     8 
Sept.  13 
Sept.  24 
Sept.  17 
Oct.     6 
Oct.     9 
Sept.    6 
Oct.     3 
Oct.     8 
Sept.    7 
Sept.  26 
Sept.  19 

Cars 
5,589 
88 

Nevada 

13 

Idaho 

39 

Oregon 

24 

Washington 

Colorado 

Eastern: 

Florida ..- 

261 
35 

9.195 
6,450 
17  558 

Texas 

Georgia 

Alabama 

South  Carolina . 
North  Carolina- 
Missouri - 

Mississippi 

Louisiana 

Virginia 

Arkansas 

Oklahoma 

lUinois 

Indiana 

769 

3,822 

1,252 

851 

197 

25 

488 

347 

513 

155 

322 

Maryland 

Kansas 

208 
92 

Iowa.- 

123 

Delaware 

South  Dakota.. 
New  Jersey 

50 
4 

17 

Group  and  State 

1929  shipments 

1930  shipments 

1931  shipments 

First 

Last 

Total 

First 

Last 

Total 

First 

Last 

Total 

Western: 

California 

Arizona 

May  23 
June    1 
July   30 
Aug.     8 
Aug.  13 
Aug.     7 
Sept.  13 

Apr.   20 
IVfay  17 
June    6 
June  11 
June  20 
July   11 
July   26 
June  12 
June    7 
Aug.     1 
July    16 
July    17 
Aug.  14 
Aug.     3 
Aug.     7 
Aug.  23 
Aug.  15 
Aug.  19 
Aug.  30 
---do 

Oct.    18 
Aug.  24 
Aug.  22 
Sept.    6 
Sept.  18 
Sept.  20 
Oct.    25 

July  27 
Sept.  25 
Sept.  26 
Sept.  21 
Sept.    6 
Aug.  29 
Sept.  18 
Sept.  20 
July   24 
Sept.  13 
Sept.    4 
Sept.  25 
Oct.      5 
Oct.      2 
Sept.  16 
Sept.  28 
Sept.  30 
Sept.  10 
Sept.  14 
Sept.  19 

Cars 
6,366 
126 
31 
35 
36 
307 
31 

10.  479 

4,460 

21,882 

722 

3,494 

758 

1,039 

251 

32 

487 

439 

538 

159 

299 

210 

155 

83 

52 

6 

16 

May  19 
June    2 
Aug.    1 
Aug.  11 
Aug.  20 
Aug.     7 
Sept.    1 

May  13 
May  18 
June  16 
June  18 
June  26 
July    15 
July   14 
June  23 
June  28 
July     7 
July   15 
July    17 
July     9 
July   31 
July   30 
Aug.  19 
Aug.  13 
Aug.  19 
Sept.    4 
Sept.    2 

Oct.    28 
Aug.  20 
Aug.  27 
Sept.    5 
Sept.  21 
Sept.  22 
Oct.    18 

Aug.     7 
Oct.    10 
Oct.      2 
Oct.     3 
Sept.  17 
Sept.  10 
Oct.    15 
Oct.    30 
July   11 
Sept.  27 
Sept.  26 
Oct.      4 
Oct.    13 
Oct.    14 
Sept.  20 
Oct.    14 
Oct.    11 
Oct.    12 
Sept.  23 
Sept.  27 

Cars 

6,279 

83 

7 

21 

9 

239 

90 

8.687 

6,048 

25,824 

1,056 

4.953 

1,765 

1.405 

206 

11 

510 

270 

511 

81 

102 

311 

115 

100 

41 

i 

May  16 
June  17 

Oct.    14 
Aug.  13 

Cars 
6,250 
24 

Nevada 

Idaho 

July  29 
Aug.     7 
Aug.     2 
Aug.  28 

May  28 
May  29 
June  15 
June  18 
June  29 
July   11 
July   24 
June  30 
July   10 
July   23 
July   21 
July   27 
Aug.     6 
Aug.  11 
Aug.     5 
Aug.     3 
Aug.  14 

...do 

Sept.  17 
Sept.    5 

Aug.  26 
Sept.  12 
Sept.  16 
Oct.    18 

Aug.  31 
Oct.      2 
Sept.  26 
Oct.      2 
Sept.  15 
Aug.  27 
Sept.  29 
Aug.  13 
Aug.  31 
Oct.      2 
Aug.  21 
Sept.  14 
Oct.     6 
Oct.     8 
Sept.  12 
Sept.  16 
Oct.     8 
Sept.  12 
Sept.  22 
Sept.  16 

10 

Oregon 

34 

Washington 

Colorado 

Eastern: 
Florida 

185 
87 

9.507 

4,058 

18,326 

967 

4.234 

2.508 

2,671 

136 

77 

977 

314 

241 

88 

Texas 

Georgia... 

Alabama _. 

South  Carolina. 
North  Carolina. 

Missouri ._. 

Mississippi 

Louisiana 

Virginia 

Arkansas 

Oklahoma 

Illinois 

Indiana 

304 

Maryland 

651 
51 
107 

Iowa.. 

Delaware 

South  Dakota. - 
New  Jersey 

57 
3 

The  early  movement  from  the  eastern  producing  sections  begins 
in  southern  Florida  in  April  or  May.  As  the  season  advances,  ship- 
ments from  the  northern  sections  of  the  State  appear,  but  often 
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there  is  a  slight  break  between  the  southern  and  northern  movement 
in  this  State.  The  movement  from  Georgia  follows  and  often  over- 
laps the  north  Florida  movement.  These  movements  are  followed 
and  enlarged  by  shipments  from  Alabama,  the  Carolinas,  and  Vir- 
ginia, in  the  order  named.  The  Texas  movement  usually  starts  in 
May  but  somewhat  later  than  Florida  each  year.  The  California 
shipments  start  in  May.  From  the  sections  named  and  other  sec- 
tions where  the  shipments  begin  later,  the  movement  is  usually  con- 
tinuous until  the  first  week  in  October. 

Although  the  shipping  season  in  most  years  is  from  April  to  October, 
a  large  part  of  the  movement  is  in  June  and  July.  For  the  period 
1926-31,  the  percentages  of  carload  shipments  moved  each  month 
were  in  round  numbers:  May,  2  percent;  June,  30  percent;  July,  47 
percent;  August,  18  percent;  and  September,  3  percent.  For  April 
and  October  the  percentages  were  less  than  0.5  percent. 

DISTRIBUTION 

The  market  distribution  of  watermelons  from  each  State  follows 
closely  the  same  lines  each  season.  The  variations  in  time  of  move- 
ment and  volume  of  shipments  which  occur  are  usually  influenced 
by  seasonal  conditions.  The  sources  of  supply,  the  period  by  months 
during  which  watermelons  are  available,  and  the  volume  of  consump- 
tion for  each  of  the  66  large  markets  are  indicated  in  table  5.  The 
months  named  in  table  5  indicate  the  time  of  arrival  at  the  markets 
instead  of  the  date  of  shipment. 

Table  5. — Carload  unloads  of  watermelons  at  66  markets   by   months,   average, 

1926-30 


AKRON,  OHIO 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early  Florida 

Cars 

Cars 
2.0 

Cars 
26.2 

Cars 
13.8 

Cars 

Cars 

Cars 

Cars 

Cars 
42.0 

Second  early: 
Alabama 

.4 
18.0 

1.0 
122.6 

1.4 

Georgia .  . 

55.6 
3.0 

1.0 

197.2 

3.0 

Texas 

.2 

.2 

.4 

Total 

18.6 

123.8 

58.6 

1.0 

202.0 

Late: 

Indiana 

.2 
1.2 

• 

.2 

Missouri 

.6 

1.8 

Total 

1.4 

.6 

2.0 

All  other: 
Kentucky 

.2 

.2 

Unknown 

.6 

.6 

1.2 

Total 

.6 

.2 

.6 

1.4 

Total 

2.0 

45.4 

137.8 

60.6 

1.6 

247.4 

ORIGIN,  DISTRIBUTION,  AND    PRICE    OF   WATERMELONS  \) 

Table  5. — Carload  unloads  of  watermelons  at  66   markets  by  months,   average, 

1926-30— Continued 

ALBANY,  N.Y. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early  Florida        

Cora 

Cart 
1.0 

Cars 
21.0 

Cars 
8.4 

Cars 

Cars 

Cars 

Cars 

Cars 
30.4 

Second  early: 

Oeoreia             

15.4 

32.2 

.8 
17.8 

2.8 
7.6 
7.0 

0.2 

50.6 

North  Carolina 

8.4 

South  Carolina 

.8 

25.6 

Total 

^  16.2 

50.8 

17.4 

.2 

84.6 

.2 

.2 

All  other 

.4 

.4 

Total 

1.0 

37.2 

59.6 

17.6 

.2 

115.6 

ATLANTA,  QA. 


Early:  Florida 

1.2 

22.6 

12.0 

35.8 

Second  early: 

Qeor^ia 

47.0 

473.2 

177.0 
.2 

22.6 

0.4 

720.2 

South  Carolina        

.2 

Total 

47.0 

473.2 

177.2 

22.6 

.4 

720.4 

Total 

1.2 

69.6 

485.2 

177.2 

22.6 

.4 

756.2 

BALTIMORE,  MD. 


Early:  Florida 

3.0 

51.0 

48.0 

102.0 

Second  early: 
Alabama 

2.8 
106.6 

7.8 
167.0 

2.8 

Georgia 

18.4 

24.4 
35.6 
77.4 

149  4 

North  Carolina 

0.6 
.2 

44.0 

South  Carolina 

.6 

245.2 

Total 

19.0 

284.2 

137.4 

.8 

441.4 

Late: 

Delaware- 

2.2 
53.6 
20.6 

2.2 

Maryland  .  . 



102.6 
133.6 

156.2 

Virginia 

.4 

154.6 

Total 

.4 

236.2 

76.4 

313.0 

Total 

3.0 

70.0 

332.6 

373.6 

77.2 

856.4 

BIRMINGHAM,  ALA. 


Early:  Florida- 

5.0 

62.0 

61.6 

0.2 

118.8 

Second  early: 

Alabama 

29.8 

18.6 

.2 

234.0 
88.6 

114.4 
27.6 

65.0 
1.0 

LO 

444.2 

Georgia 

135.8 

Texas 

.2 

Total 

48.6 

322.6 

142.0 

66.0 

1.0 

580.2 

Late:  Missouri 

.2 
.4 

.2 

All  other     .      . 

.2 

6 

Total 

5.0 

100.6 

384.2 

142.2 

66.6 

1.2 

699.8 

loss?"— 33- 
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Table  5. — Carload  unloads  of  watermelons  at  66  markets   by  months,   average, 

1926-30— Continued 

BOSTON,  MASS. 


state  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early:  Florida 

Cars 

Cars 
22.0 

Cars 
209.4 

Cars 
81.4 

Cars 

Cars 

Cars 

Cars 

Cars 
312.8 

Second  early: 

.4 
43.8 

1.2 
144.0 

6.2 

120.4 

.2 

1.6 

Georgia 

6.8 
42.2 
55.2 

193  6 

North  Carolina 

0.2 

48.6 

.2 
.4 

175.8 

Texas     . 

6 

Total 

44.8 

272.0 

103.2 

.2 

420.2 

Late: 

Delaware 

1.2 
1.0 

.6 
1.4 
.4 
.4 

1.8 

Maryland... 

2.4 

0.2 

.6 

Virginia 

.2 

3.8 

4  4 

Total 

.2 
.4 

6.0 

2.8 

.2 

9.2 

AU  other 

.4 

Total 

22.0 

254.2 

354.0 

109.2 

3.0 

.2 

742.6 

BRIDGEPORT,  CONN. 


Early:  Florida 

0.2 

11.2 

6.8 

18  2 

Second  early: 
Alabama 

.4 
20.6 

.8 
18.6 

4 

4.8 

0.4 
2.8 
9.4 

25.8 

North  Carolina 

3.6 

South  Carolina.  . 

28.0 

Total 

4.8 

40.4 
.2 

12.6 
.4 

57.8 

All  other 

.6 

Total 

.2 

16.0 

47.4 

13.0 

76  6 

BUFFALO,  N.Y. 


Early: 

California 

1.2 

1.2 

Florida 

9.6 

63.2 

29.0 

101.8 

Total 

9.6 

63.2 

29.0 

1.2 

103.0 

Second  early: 
Alabama 

.4 
40.4 

1.0 

113.4 

2.8 

31.0 

1.4 

24.4 
13.0 
12.4 

178.2 

North  Carolina 

.2 

16.0 

South  Carolina 

43.4 

Total 

40.8 

148.2 

49.8 

.2 

239.0 

Late: 

Delaware 

.2 
.4 
.4 

.2 

Illinois    -.- 

.4 

Indiana 

.2 
.4 

.6 

M^aryland 

.4 

Virginia 

•2 

.2 

Total 

.2 

1.0 

.6 

1.8 

All  others: 

KftTlt.Ilfikv 

.2 

.8 

,2 

.6 

1.4 

Total .- 

1.0 

.6 

1.6 

Total 

9.6 

104.0 

178.4 

51.4 

2.0 

345.4 
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Table   5. — Carload   unloads  of  watermelons  at  66   markets  by  months,   average^ 

1926-SO — Continued 

CHICAGO.  ILL. 


state  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California 

Cars 

Cart 

Cars 

0.4 

328.0 

Cars 

0.2 

279.8 

Cart 

Cars 

Cart 

Cart 

Cart 

a6 

Florida 

0.4 

35.4 

0.8 

644.4 

Total                  

.4 

35.4 

328.4 

280.0 

.8 

645.0 

Second  early: 

6.2 
82.8 

62.8 

818.0 

1.0 

.4 

12.0 

94.4 

7.2 
325.0 

65.2 

Georgia 

14.2 

1,240.0 

Mississippi                

1.0 

i.6 

1.8 

48.2 

2.0 

Smith  r!arolinft 

13.8 

.2 

47.4 

190.2 

Total                   

.2 

135.4 

978.6 

383.8 

14.2 

1,512.2 

Late: 

Arkansas 

6.2 

38.6 

1.0 
.6 

7.8 
46.2 

1.2 
73.4 
23.8 

44.8 

6.4 

.4 

11.0 

1.0 

Illinois                          

3.0 

8.0 

.8 

104.2 

45.8 

11.2 

.2 

65.4 

2.0 

Missouri 

.6 
1.4 

.4 
.6 

178.6 

71.6 

Total 

7.4 

200.4 

154.0 

12.8 

374.6 

All  other: 

1.2 

1.2 

.2 

.2 

Cuba 

.2 

.2 

Total 

.2 

.2 

1.2 

1.6 

Total --- 

.4 

35.8 

463.8 

1,266.2 

586.0 

169.4 

12.8 

2,633.4 

CINCINNATI,  OHIO 


Early:  Florida 

4.6 

92.4 

74.8 

171.8 

Second  early: 

Alabama                  

.2 
31.4 

7.4 
400.8 

1.0 

316.4 

1.0 

3.2 
52.2 

1.0 

12.8 

Georgia 

800.8 

South  Carolina 

1.0 

Texas 

.2 

.2 

.4 

Total 

31.8 

408.4 

318.4 

55.4 

1.0 

816.0 

2.6 

2.6 

All  other: 
Tennessee 

.4 

.4 

.2 

.2 

.4 

Total 

.2 

.4 

.2 

.8 

Total 

4.6 

124.2 

483.4 

318.8 

58.2 

1.0 

990.2 

CLEVELAND,  OHIO 


Early:  Florida 

15.0 

142.8 

106.6 

0.2 

263.6 

Second  early: 

.8 
37.0 

8.0 

378.4 

.4 

3.4 

.4 

3.0 

231.2 

5.0 

1.8 

.4 

2.0 
12.6 

13.8 

Georgia 

059. 2 

North  Carolina 

5.4 

South  Carolina 

6.2 

Texas 

.4 

1.2 

Total 

38.2 

390.6 

241.4 

14.6 

684.8 
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unloads  of  watermelons   at  66  markets  by   months,   average^ 
1926-30 — Continued 

CLEVELAND,  OHIO— Continued 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Late: 

Arkansas -. 

Cars 

Cars 

Cars 

Cars 
0.4 

Cars 
1.0 

Cars 

Cars 

Cars 

Cars 
1.4 

Delaware. - 

0.2 
.6 

1.8 

.2 

5.8 

2 

Illinois 

0.2 

.8 

Indiana 

1.6 

2.8 

2.8 

.4 

3  4 

Maryland 

3.0 

8  6 

Oklahoma 

4 

Total 

.4 

8.6 

8.6 

.2 

17  8 

All  other: 
Louisiana 

.2 
.2 
.4 

2 

2 

Unknown 

0.2 

6 

Total 

.2 

.8 

1  0 

Total 

15.0 

181.2 

496.6 

251.0 

23.2 

.2 

967  2 

COLUMBUS,  OHIO 


Early:  Florida .. 

2.4 

33.6 

20.2 

56.2 

Second  early: 

Alabama        

.6 
34.0 

1.6 
147.0 
.6 
1.8 
.4 

2.2 

Georgia 

83.0 

2.6 

.2 

0.8 

264  8 

3.2 

South  Carolina 

2  0 

Texas 

.2 

.6 

Total 

34.8 

151.4 

85.8 

.8 

272.8 

Late: 

2 

.4 

.2 

2.8 

2.4 

.6 

Illinois 

2 

4.8 
2.2 

0.2 

7.8 

Missouri 

4.6 

Total 

.2 

5.8 

7.0 

.2 

13.2 

All  other: 
Kentucky 

.2 

2 

.4 

.4 

.8 

Total 

.4 

.2 

.4 

1.0 

- 

Total 

2.4 

68.8 

172.0 

92.0 

7.8 

.2 



343.2 

DALLAS,  TEX. 


Early:  California 

1.2 

1.2 

Second  early: 
Arizona 

0.2 
1.6 

.2 

Texas 

86.6 

96.4 

10.0 

3.0 

0.4 

198.0 

Total .  .-.  -- 

1.8 

86.6 

96.4 

10.0 

3.0 

.4 

198.2 

All  other:  Mexico. .. . 

.2 

.2 

Total 

2.0 

86.6 

96.4 

10.0 

4.2 

.4 

199.6 

DAYTON,  OHIO 


Early: 

1.0 
12.2 

0.2 
.4 

1.2 

Florida 

2.0 

28.0 

42.6 

Total 

2.0 

28.0 

13.2 

.6 

43.8 

== 
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Table  5. — Carload  unloads  of  watermelons  at  66   markets  by   months,   average, 

1 926-30— Continued 


DAYTON,  OHIO-Continued 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Second  early: 

Alabama.- 

Cars 

Cars 

Cars 

1.2 

29.8 

Cars 

1.4 

152.0 

.2 

.2 

Cars 

'hh'e 

Cars 
0.2 
1.8 

Cars 

Cars 

Cars 
2  8 

Georgia       . 

250  2 

Mississippi 

.2 

Texas 

.2 

Total 

31.0 

153.8 

66.6 

2.0 

253.4 

Late: 

Arkansas 

.2 

2 

Colorado.             .  .      . 

.4 

0.2 

Q 

Illinois 

1.2 

5.6 

.2 

.2 

1.2 

Indiana 

3.0 
.4 

.2 

8  8 

Missouri 

.2 

g 

Virginia 

.2 

Total 

.4 

7.2 

3.8 

.4 

11  8 

All  other: 

Kentucky 

.2 

2 

Louisiana 

.4 
1.4 

4 

Unknown 

.2 

1.0 

.4 

3.0 

Total 



.2 

1.8 

1.2 

.4 

3  6 



Total 

2.0 

59.2 

169.2 

75.6 

6.2 

.4 

312  6 



DENVER,  COLO. 


Early: 

California 

0.2 
.2 

7.8 
.2 

2.0 

0.2 

0.4 

10.6 
.4 

Florida 

Total 

.4 

8.0 

2.0 

.2 

.4 

11.0 

Second  early: 

Arizona 

1.2 

.4 

121.8. 

1  2 

Georgia 

.4 

59.8 

8 

Texas 

1.4 

90.8 

9.8 

.2 

283  8 

Total 

1.4 

60.2 

123.4 

90.8 

9.8 

.2 

285  8 

Late: 

Colorado.. 

.2 

2.8 

4.8 

7.2 
.2 

1.4 

11  6 

Oklahoma 

5.0 

Total -- 

.2 

7.6 

7.4 

1.4 

16.6 

Another:  Utah 

.8 

g 

Total 

1.8 

68.2 

125.6 

98.6 

17.2 

2.8 

314.2 

DES  MOINES,  IOWA 


Early: 

California. 

0.4 
3.2 

1.4 
2.0 

0.2 

0.2 

2  2 

Florida. 

0.2 

5  4 

Total 

.2 

3.6 

3.4 

.2 

.2 

7.6 

Second  early: 

Alabama 

-.1 

19.2 

2 

Arizona 

1.4 

2.0 

.4 

28.6 

1  6 

Georgia 

2.6 

23  8 

North  Carolina 

4 

Texas... 

21.0 

54.2 

.6 

104  4 

Total.. 

23.6 

73.8 

32.4 

.6 

130.4 

Late: 

Arkansas 

.8 

5.6 

6  4 

Colorado 

.2 

.4 

3.0 

.6 
2.6 

2 

IlHnois.. 

.4 

Iowa 

1.0 
10.2 
7.2 

0.4 

4.4 
11  0 

Missouri 

.2 

Oklahoma 

9  8 

Total 

1.0 

24.0 

6.8 

.4 

32.2 

■"—"—"• 
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Table   5. — Carload  unloads  of  watermelons  at  66  markets  hy  months,  average^ 

1 926-30— CouiuiUQd 

DES  MOINES,  IOWA— Continued 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

All  other: 

Kansas 

Cars 

Cars 

Cars 

Cars 

Cars 

Cars 
0.4 

Cars 

Cars 

Cars 
0.4 

Louisiana 

0.4 

4 

Unknown . 

0.8 

1.4 



2  2 

Total 

.8 

1.4 

.4 

.4 

3  0 

Total 

0.2 

28.0 

79.6 

57.0 

8.0 

0.4 

173  2 

DETROIT,  MICH. 


Early: 

California 

1.2 
185.2 

1  2 

Florida 

22.8 

278.8 

1.6 

488  4 

Total 

22.8 

278.8 

186.4 

1.6 

489  6 

Second  early: 
Alabama 

2.2 

45.6 

11.4 

490.6 

.2 

4.2 
289.2 

17  8 

8.2 

833.6 

Mississippi 

.2 

North  Carolina 

.8 

.4 

3.0 

8 

2.8 
12.8 

3.2 

Texas 

1.0 

16.8 

Total                - 

48.8 

517.8 

297.6 

8.2 

872.4 

Late: 

Arkansas 

1.4 
2.0 
1.4 

1.4 

Illinois 

2.0 

2.6 

.2 

14.2 

.4 

4.0 

Maryland 

.2 



17.2 
4.0 

31.4 

4.4 

Total         

26.0 
.2 

17.4 
.4 

43.4 

All  other 

1.6 

2.2 

Total     -       --  

22.8 

327.6 

705.8 

325.4 

26.0 

1,  407.  6 

DULUTH,  MINN. 


Early: 

California 

0.2 

0.6 

0.8 

Florida 

5.4 

1.8 

7.2 

.  -     .  . 

Total 

5.4 

1.8 

.2 

.6 

8.0 

Second  early: 

.2 
.2 

16.6 
.2 

16.2 

.2 

.4 

.2 

Georgia 

2.6 

4.4 

23.6 

.2 

8.0 

3.6 

.2 

28.0 

Total 

10.6 

33.4 

8.2 

.2 

52.4 

Late: 

.6 
2.2 
.2 
.2 
2.8 
1.2 

.6 

Illinois 

.4 
.6 

.2 

2.8 

Indiana 

.8 

.4 
.6 

.6 

M!issouri 

1.6 

5.0 

Oklahoma 

1.2 

Total 

2.6 
3.8 

7.2 

1.2 

11.0 

Another... 

.2 

4.0 

Total 

16.2 

41.6 

15.6 

2.0 

75.4 
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Table  5. — Carload  unloads  of  watermelons  at  66   markets  by  months^   average^ 

1926-30 — Continued 


EL  PASO, 

TEX. 

State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Earlv  California 

Can 

Cars 
0.4 

Can 
13.2 

Cora 
16.6 

Can 

Can 

Can 

Can 

Can 
30.2 

Second  early: 
Arizona 

.2 
.2 

.4 
15.6 

.6 

15.4 

9.0 

40.2 

Total 

.4 

16.0 

15.4 

9.0 

40.8 

Total          

.8 

29.2 

32.0 

9.0 

71.0 

EVANSVILLE,  IND. 


JACKSONVILLE,  FLA. 


Earlv  Florida 

LO 

17.6 

16.4 

1 

35.0 

Second  early: 
Alabama 

1.2 
13.6 

9.4 

79.2 

.2 

0.2 
28.8 

10.8 

Georgia               

0.2 

121.8 

South  Carolina 

.2 

Total            

14.8 

88.8 

29.0 

.2 

132.8 

Late: 

Illinois            

.2 

.2 

Indiana 

.2 

.2 

l^i%<v)iiri 

.2 

.2 

Total 

.4 
.2 

.2 

.6 

All  Other  

.2 

.4 

Total 

1.0 

32.4 

105.4 

29.6 

.4 

168.8 

Early: 

California         

0.2 
.2 

0.2 

Florida 

0.2 

23.0 

108.4 

65.6 

1.2 

198  6 

Total 

.2 

23.0 

108.4 

65.6 

1.2 

.4 

198.8 

Second  early: 
Alabama 

1.2 

20.4 

.2 

1  2 

Georgia 

8.8 

122.4 
.4 

138.6 
""2.6' 

0.4 

290.6 

North  Carolina            .  . 

.6 

South  Carolina 

2.0 

Total 

8.8 

122.8 

140.6 
.2 

21.8 

.4 

294  4 

All  other 

.2 

Total 

.2 

23.0 

117.2 

188.4 

142.0 

22.2 

.4 

493  4 

FORT  WORTH,  TEX. 


Second  early: 

Arizona        ... 

0.2 
.6 

0  2 

Texas 

24.6 

26.8 

1.8 

53  8 

Total    

.8 

24.6 

26.8 

1.8 

54.0 

GRAND  RAPIDS,  MICH. 


Early:  Florida 

0.8 

30.0 

13.4 

44  2 

Second  early: 

Alabama 

1.0 
9.2 

3.4 

75.4 

.4 

.6 

4  4 

Georgia 

27.4 

112  0 

South  Carolina    

4 

Texas 

.2 

^ 

Total 

10.4 

79.8 

27.4 

117  0 
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Table  5. — Carload  unloads  of  watermelons  at  66  markets  by  months,  average, 

1 926-30 — Continued 


GRAND  RAPIDS,  MICH.- 

Continued 

state  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Late: 

ArtansflS 

Cars 

Cars 

Cars 

Cars 
0.2 

Cars 
0.2 

Cars 

0.2 

.2 

Cars 

Cars 

Cars 
0.6 

.2 

1.0 

.8 

1.0 

A/Ti<!<;nnri 

3.0 
.2 

3.8 

.2 

Total 

.2 

2.0 

3.6 

5.8 

All  other: 

T,nni<;iana 

.2 

.2 

.2 

.4 

.2 

Unknown 

0.4 

.2 

1.0 

Total                

.4 

.6 

.4 

1.4 

Total 

0.8 

40.8 

94.0 

29.8 

3.6 

169.0 

HARTFORD,  CONN. 


HOUSTON,  TEX. 


INDIANAPOLIS,  IND. 


Earlv  Florida 

2.8 

22.6 

7.0 

32  4 

Second  early: 

7.2 

34.8 

.4 

12.4 

2.2 
2.2 
4.0 

44.2 

North  Carolina     

2.6 

South  Carolina 

16.4 

Total                    ... 

7.2 

47.6 

8.4 

63.2 

Late:  Virginia    

.2 

0.2 

.4 

All  other 

-.      .2 

.2 

Total 

2.8 

29.8 

54.6 

8.8 

.2 

96.2 

Early: 

California 

0.2 
.2 

1.0 

1.2 

Florida          -- 

.2 

Total 

.4 

1.0 

1.4 

Second  early:  Texas - 

3.4 

96.2 

97.6 

54.0 
.2 

12.8 

1.4 

265.4 

2 

Total - 

3.8 

97.2 

97.6 

54.2 

12.8 

1.4 

267.0 

Early: 

California 

0.2 
.4 

0  2 

Florida      - 

0.2 

2.6 

49.8 

22.2 

75  2 

Total- 

.2 

2.6 

49.8 

22.2 

.6 

75  4 

Second  early: 

2.6 

31.8 

.8 

10.2 

188.0 

.6 

1.6 
121.6 

0.2 
1.6 

14  6 

Georgia           

343  0 

Texas 

1  4 

Total         

35.2 

198.8 

123.2 

2.8 
12.8 
3.4 

1.8 

.4 
6.8 
1.0 

359  0 



0.2 

Late: 

Illinois             

3  4 

.4 

20.0 

Missouri 

4  4 

Virginia 

...  .  .- 

2 

Total    .-. 

.6 

19.0 
.4 

8.2 

.2 

28  0 

All  other:  Louisiana 

.4 

Total - 

.2 

2.6 

85.0 

221.6 

143.2 

10.0 

.2 

462  8 
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Table  5. — Carload   unloads  of  watermelons  at  66  markets   by   months,   average, 

1926-SO— Continued 

KANSAS  CITY.  MO. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California 

Cars 

Cars 

Cars 

2.8 

20.4 

Cars 
0.2 
11.0 

Cars 

Cars 

Cars 

Cars 

Cars 
3.0 

Florida 

3.4 

34.8 

Total 

3.4 

23.2 

11.2 

37.8 

Second  early: 

AlAhftmA 

.6 

.2 

8.6 

79.0 

.6 

1.2 

.2 

Georgia 

26.6 
238.6 

1.8 
81.4 

37.0 

Texas 

.6 

0.6 

400.2 

Total 

.6 

88.4 

265.8 

83.2 

.6 

438.6 

Late: 

Arkansas 

4.2 

9.0 
17.0 
69.8 

.6 
13.6 
9.0 

13.8 

TVf  i<v<?niiri 

30.6 

.2 

69.0 

Total 

4.4 

85.8 

23.2 

113.4 

All  other: 

.6 
.4 

9.0 

0.8 

10.4 

.4 

.8 

Total 

.4 

1.0 

9.0 

.8 

11.2 

Total 

4.0 

111.6 

281.8 

170.0 

32.8 

.8 

601.0 

LEXINGTON,  KY. 


Early:  Florida 

1.4 

12.2 

7.2 

20.8 

Second  early: 

0.2 

46.6 

.4 

0.2 
5.4 

.4 

Georgia 

8.4 

""62.*4" 
1.6 

112.8 

South  Carolina 

2.0 

Total 

8.4 

64.0 

47.2 

5.6 

115.2 

Late: 

LO 

1.0 

Missouri 

.6 

.6 

Total 

.6 

1.0 

1.6 

Total .- 

1.4 

20.6 

61.2 

47.8 

6.6 

137.6 

LOS  ANGELES,  CALIF. 


Early  California 

34.0 

826.2 
.4 

1,009.8 

200.6 
.6 

28.4 

1.2 

2,100.2 

Second  early  Arizona 

1.0 

All  other'  Mexico 

4.0 

4.0 

Total 

38.0 

826.6 

1.009.8 

201.2 

28.4 

1.2 

2, 105.  2 

LOUISVILLE,  KY. 


Early: 

California 

0.2 

0.4 

0.6 

Florida 

2.0 

40.8 

40.0 

82.8 

Total 

2.0 

40.8 

40.0 

.2 

.4 

83.4 







I 
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unloads  of  watermelons  at  66   markets  by   months,   average, 
1926-30— Continued 

LOUISVILLE,  KY.— Continued 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Second  early: 

Alabama . 

Cars 

Cars 

Cars 
1.2 

Cars 
10.6 

Cars 

8.0 

.2 

115.2 

Cars 
1.6 

Cars 

Cars 

Cars 
21  4 

Arizona.        . 

2 

Georgia 

21.4 

166.2 

.2 

1.0 

8.2 

311  0 

North  Carolina  

2 

South  Carolina- 

2.4 

3  4 

Total 

-     -     . 

22.6 

178.0 

125.8 

9.8 

336  2 

Late: 

.8 

2.0 

.4 

2  8 

Illinois 

.4 

.2 

6.6 

g 

Colorado 

.2 

3.4 
1.0 

10  0 

Missouri     .             .      . 

1  0 

Total 

.8 

6.8 

7.2 
.2 

14  8 

All  other;  Tennessee 

2 

Total 

2.0 

63.4 

218.8 

132.8 

17.6 

434  6 

MEMPHIS,  TENN. 


Early:  Florida 

4.8 

42.8 

27.6 

10.8 

86.0 

Second  early: 

Alabama 

1.0 

38.8 

18.6 

141.0 

1.2 

"■""5.'0' 

14.4 

43.2 

.2 

1.2 

1.8 

4.4 

38.4 

223.0 

South  Carolina 

1  4 

.2 
13.4 

1.4 

Texas 

20.2 

Total 

53.4 

165.8 

60.8 

4.4 

284.4 

Late: 

Arkansas 

6.0 

11.2 

16.8 

.2 

.4 
14.2 

16.6 

Missouri 

0.2 

30.2 

Oklahoma 

2 

Total 

5.0 

27.2 

14.6 

.2 

47.0 

.4 

.4 

.8 

.  . 

"" 

*"" 

Total 

4.8 

96.6 

198.8 

98.8 

19.0 

.2 

418  2 

MILWAUKEE,  WIS. 


Early:  Florida 

1.8 

42.2 

39.4 

1.6 

85.0 

Second  early: 

.2 

14.8 

4.6 

138.8 

.2 

.8 

16.8 

1.0 
46.2 

6.8 

Georgia 

0.2 

200.0 

Mississippi . 

.2 

1.0 

5.4 

1.8 

Texas 

4.6 

.2 



27.0 

Total 

19.6 

161.2 

63.6 

.4 

234.8 

Late: 

6.4 

.4 

.8 

.4 

2.6 

5.8 

Illinois 

.8 

Indiana 

.4 

8.2 
1.8 
.8 

10.8 

1.8 

Virginia 

.8 

Total-- 

16.2 

4.2 

20.4 

All  other 

.2 

.2 

Total 

1.8 

62.0 

200.6 

71.4 

4.6 

340.4 
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Table  5. — Carload   unloads  of  watermelons  at  66   markets  by  months,   average, 

1926-S0—Conan\xed 

MINNEAPOLIS,  MINN. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California.. 

Cart 

Cars 

Cars 
0.2 
23.4 

Cars 

Cart 

Can 

Cart 

Cars 

Cau 
0.2 

Florida      

2.4 

13.8 

6.2 

39  8 

Total 

2.4 

23.6 

13.8 

.2 

40.0 

Second  early: 

1.6 

77.4 

.4 

77.6 

.2 
28.4 

1.8 

Georgia               

.4 

9.0 

0.2 

116  4 

South  Carolina 

.4 

26.6 

36.4 

.4 

141.  0 

Total 

.4 

36.6 

167.0 

66.0 

.6 

258.6 

Late: 

Arkansas 

1.6 

.2 

.4 

12.8 

6.6 

.4 

2.0 

Illinois     

.2 

Iowa             -       .-  - 

1.2 
7.0 
1.2 

1  6 

19.8 

Oklahoma 

6.8 

Total 

20.6 

9.8 

30.4 

All  other:  South  Dakota . 

0.2 

.2 

Total 

2.8 

69.2 

170.8 

85.8 

10.4 

.2 

329.2 

NASHVILLE,  TENN. 


Early  Florida 

3.0 

31.4 

28.6 

0.2 

63  2 

Second  early: 

Alabama                   .  . 

.4 
27.2 

4.6 

147.6 

1.4 

3.8 

119.4 

.2 

6.6 
12.6 

""a  2' 

14  4 

307.0 

South  Carolina    

1.6 

Texas 

.2 

.2 

Total 

27.8 

163.6 

123.4 

18.2 

.2 

323.2 

Late: 

Indiana        .  -  

.4 

.8 

Missouri-. 

.2 

1.0 

Total        

.2 

1.2 

1.4 

All  other: 

Tennessee       .  . . 

.4 

.2 

Total               

.2 

.4 

Total    

3.2 

59.2 

182.2 

124.2 

19.4 

.2 

388.4 

NEWARK,  N.J. 


Early: 

California 

0.2 

0.2 

Florida 

1.8 

40.6 

40.6 

83.0 

Total     

1.8 

40.6 

40.6 

.2 

83.2 

Second  early: 

Oeorgia 

11.8 

84.4 

6.2 

66.2 

16.4 
36.8 
37.6 

112.6 

North  Carolina 

42.0 

South  Carolina 

.6 

104.4 

Total               

12.4 

165.8 

90.8 

269.0 

Late: 

.8 
2.2 
1.6 

1.6 

2.4 

Maryland 

2.2 

.8 

2.4 

Total 

4.6 

.8 

2.4 

7.0 

All  other 

.8 

Total                  .  . 

1.8 

63.0 

196.4 

96.4 

2.4 

360.0 
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Table  5. — Carload  unloads  of  watermelons  at  66  markets   by  months,   average, 

1926-30— Continued 

NEW  HAVEN,  CONN. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California           .      . 

Cars 

Cars 

Cars 

Cars 

Cars 
0.8 

Cars 
0.6 

Cars 

Cars 

Cars 
1  4 

Florida 

3.0 

27.6 

11.4 

42.0 

Total 

3.0 

27.6 

11.4 

.8 

.6 

43  4 

Second  early: 
Alabama 

.2 
27.6 

2 

Georgia 

3.4 

.4 
1.8 
8.6 

31  4 

1.8 

South  Carolina 

17.0 

25  6 

Total         - 

3.4 

44.8 

10.8 

59.0 

Late: 

Delaware            -  . 

.4 
.2 

.2 

.6 

Maryland 

.2 

Total 

.6 
.6 

.2 

.8 

Another.  

.6 

Total 

3.0 

31.0 

66.2 

12.8 

.8 

103.8 

NEW  ORLEANS,  LA. 


Early:  Florida 

22.0 

106.6 

84.6 

7.2 

220.4 

Second  early: 

36.0 

5.8 

60.8 

61.2 

1.4 

7.0 

1.8 

15.8 
109.8 

1.2 
3.2 

113.8 

180.0 

Mississippi 

1.4 

.2 
10.8 

7.2 

Texas               -  - 

8.4 

.6 

21.6 

Total    - -- 

50.2 

132.2 

136.6 

5.0 

324.0 

Late: 

1.6 

1.6 

Illinois 

.2 
.8 
1.0 

,2 

.8 

.4 

1.4 

Total       

2.0 
.6 

2.0 

4.0 

12.8 

13.4 

Total    -_- 

22.0 

156.8 

229.6 

146.4 

7.0 

661.8 

NEW  YORK,  N.Y. 


Early  Florida 

0.2 

95.4 

690.0 

320.8 

1. 106.  4 

Second  early: 
Alabama 

.4 
266.2 

6.8 

834.0 

38.2 

652.6 

7.2 

105.0 
310.8 
253.4 

4.8 
6.0 
.2 

1,  209.  0 

North  Carolina 

356.0 

South  Carolina 

2.8 

909.0 

Total 

268.4 

1, 531.  6 

669.2 

11.0 

2, 480.  2 

Late: 

8.2 
16.6 

23.4 
20.0 
15.4 
26.4 

31.6 

36.6 

New  Jersey 

6.8 

16.2 

.2 

47.4 

74.0 

Total              

.2 

72.2 

85.2 

.8 

168.4 

All  other-  Cuba 

.2 

.2 

.4 

..     .    . 

TotaL^ - 

.4 

95.6 

958.4 

1, 852. 6 

741.4 

96.2 

.8 

3,  745.  4 
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Table  5. — Carload  unloads  of  watermelons  at  66  markets  by  morUhs,  average^ 

1926-30— ContmvLQ^ 

NORFOLK.  VA. 


state  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California       

Cart 

Cart 

Cart 

Cart 
0.2 
6.2 

Cart 
0.8 

Cart 
0.6 

Cars 

Cart 

Cart 
1  6 

Florida 

2.6 

19.4 

28  2 

Total 

2.6 

19.4 

6.4 

.8 

.6 

29.8 

Second  early: 

Alabama 

.8 
18.6 
3.6 
04.0 

8 

Georgia 

14.0 

.4 
14.2 
10.4 

33  0 

North  Carolina 



17.8 

South  Carolina 

3.6 

78  0 

Total- 

17.6 

87.0 

25.0 
.4 

129  6 

Late:  Virginia 

.4 

.8 

Total.. 

2.6 

37.0 

93.4 

26.2 

1.0 

160  2 

OKLAHOMA  CITY,  OKLA. 


Early: 

California 

0.2 
.2 

0  2 

Florida 

0.2 

4 

Total 

.4 

.2 

.6 

Second  early: 

Arizona. 

1.8 
38.8 

1  8 

Texas.... 

1.0 

17.8 

2.0 

0.2 

59  8 

Total 

1.0 

17.8 

40.6 

2.0 

.8 

.2 
.2 

61  6 

Late:  Oklahoma 

1.0 

Total 

1.4 

18.0 

40.6 

2.8 

.4 

63  2 

OMAHA.  NEBR. 


Early: 

California. 

1.8 
6.0 

1  8 

Florida. 

0.6 

2.6 

9  2 

Total 

.6 

7.8 

2.6 

11  0 

Second  early: 

Alabama 

1.4 

1.4 

Arizona 

1.0 

1.4 

30.0 

1  0 

Georgia 

15.8 
102.2 

4.S 
44.4 

22.0 

Texas 

.4 

0.6 

177  6 

Total 

.4 

32.4 

119.4 

49.2 

.6 

202.0 

Late: 

Arkansas 

.2 

3.4 

.2 

.4 

.4 

2.0 

2.6 

3.8 

Colorado 

0.2 
.2 

6 

Iowa 

6 

Missouri 

.2 

7.4 
12.2 

9  6 

Oklahoma 

14  8 

Total 

.4 

23.0 

5.6 

.4 

29  4 

_. . 

AU  other: 

Kansas 

1.6 
.2^ 

L6- 

Nebraska 

.2 



Total 

1.8 

1.8 

Total 

1.0 

40.2 

122.4 

72.2 

8.0 

.4 

244.2 
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unloads   of  watermelons  at  66  markets  by  months,   average, 
1926-30— Continued 

PEORIA,  ILL. 


state  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early:  Florida 

Cars 

Cars 

Cars 
7.0 

Cars 

4.8 

Cars 

Cars 

Cars 

Cars 

Cars 
11  8 

Second  early: 

Alabama 

4!o 
3.6 

1.6 
42.2 
9.4 

1  8 

Georgia              .  .  . 

16.4 
1.0 

62  6 

Texas 

14.0 

Total                 

7.8 

53.2 

17.4 

.. 

78  4 

Late: 

Arkansas           .  . 

.8 

5.8 
.8 

0.2 
.4 
.6 

6  8 

1  2 

Indiana                 .  .  .  .. 

6 

Missouri .-- 

.2 

4.8 

5.0 

Oklahoma 

.6 

6 

Total- —  - - 

1.0 
.4 

11.4 

1.8 

14  2 

All  other            

.4 

g 

Total       .  

15.2 

59.4 

28.8 

1.8 

105  2 

PHILADELPHIA,  PA. 


Early:  Florida 

0.2 

,      21.2 

191.8 

66.8 

280.0 

Second  early: 

0.4 
11.6 
6.4 

4 

Georgia 

77.4 

361.6 

7.0 

354.4 

96.6 

192.6 

168.2 

.2 

547  2 

North  Carolina 

206  0 

1.8 

524  4 

Texas 

2 

Total 

79.2 

723.0 

457.6 

18.4 

1,278  2 

Late: 

Delaware    

1.4 

9.2 

13.2 
12.0 
1.0 
11.0 

14  6 

Maryland 

21  2 

New  Jersey 

1.0 

Virginia         

7.0 

18  0 

Total 

17.6 

37.2 

54.8 

Total 

.2 

21.2 

271.0 

789.8 

475.2 

55.6 

1,  613.  0 

PITTSBURGH,  PA. 


Early:  Florida     

10.0 

137.8 

78.4 

0.6 

226  8 

Second  early: 

.4 
43.4 

6.8 

341.2 

.8 

40.8 

1.2 

7  2 

Georgia 

197.4 
25.8 
27.6 

7.2 
1.2 
.4 

589  2 

North  Carolina 

27  8 

South  Carolina 

68  8 

Texas                      

1.4 

2  6 

Total 

45.2 

390.8 

250.8 

8.8 

695  6 

Late: 

Colorado 

0.4 

,4 

Delaware          - - 

2.6 
3.6 

.6 
2.8 

.2 

2.6 

Indiana 

1.0 
.6 
1.2 

.8 

4.6 

1.2 

Missouri 

4.0 

Virginia 

1  0 

Total - 

3.6 

9.8 

.4 

13  8 

Total 

10.0 

183.0 

469.2 

255.0 

18.6 

.4 

936.2 
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Table  5. — Carload   unloads  of  watermelons  at  66   markets  by   months,   average, 

1926-30— Continued 


PORTLAND,  ME. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early:  Florida 

Cars 

Cart 
1.2 

Cars 
21.6 

Cars 
3.6 

Cars 
0.4 

Cars 

Cars 

Cars 

Cars 
26.8 

Second  early: 

Alabama 

.2 
4.8 

.2 
10.8 

.4 

Georgia 

.4 
.4 
3.2 

16.0 

North  Carolina 

.4 

South  Carolina 

11.6 

14.8 

Total 

6.0 

22.6 

4.0 

31.6 

Late: 

Delaware 

0.2 

2 

Maryland 

.2 

.2 

Total 

.2 
.4 

.2 

4 

Another.- 

.2 

.2 

.8 

Total 

1.2 

26.8 

26.4 

5.0 

.2 

S9.6 

PORTLAND,  OREG. 


Early:  California 

1.0 

6a2 

147.0 
1.4 
.2 

121.0 

14.4 

2.2 

0.4 

336  2 

Second  early:  Arizona 

1.4 

10.6 
2.4 

18.4 
5.6 

1.0 

30.2 

All  other:  Oregon 

&0 

Total 

1.0 

50.2 

148.6 

134.0 

38.4 

3.2 

.4 

375.8 

PROVIDENCE,  R.L 


Early: 

California      

0.8 
16.8 

0.2 

1.0 

Florida 

4.6 

37.8 

59  2 

Total 

4.6 

37.8 

17.6 

.2 

6a2 



Second  early: 
Alabama 

.2 

.2 

Arizona 

•    1.6 

56.4 

2.8 

40.6 

1  6 

21.6 

4.8 

23.0 

14.4 

.2 

82.8 

North  Carolina 

1.0 

26.8 

South  Carolina 

.2 

55.2 

Texas 

.2 

Total 

22.0 

101.4 

42.4 

1.0 

166.8 

Late: 

2.2 

2.4 
.2 

4.6 

Illinois       

.2 

Maryland 

1.0 
.2 
1.6 

1.0 

New  Jersey 

.2 

.4 

Virginia         

1.6 

Total 

5.0 

.8 

2.8 

7.8 

All  other 

.2 

1.6 

2.6 

Total 

4.6 

60.0 

120.6 

48.4 

3.8 

237.4 

RICHMOND,  VA. 


Early:  Florida 

0.8 

12.6 

8.8 

22.2 

Second  early: 

Georgia            

as 

15.4 

.6 

64.6 

3.6 
2.8 
19.0 

26.8 

North  Carolina 

3.4 

South  Carolina 

.8 

74.4 

Total 

7.6 

70.6 

26.4 
2.0 

108.6 

Lat«:  Virginia 

2.0 

Total 

.8 

20.2 

79.4 

27.4 

127.8 
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Table  5. — Carload  unloads  of  watermelons  at  66   markets   by  months,   average, 

1926-30 — Continued 

ROCHESTER,  N.Y. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early: 

California 

Cars 

Cars 

Cars 

Cars 
0.2 
24.4 

Cars 

Cars 

Cars 

Cars 

Cars 
0.2 

Florida      

7.2 

55.2 

86.8 

Total 

7.2 

55.2 

24.6 

87.0 

Second  early: 
Alabama 

5.8 
68.2 

.4 
23.4 

.2 

0.6 
15.0 

8.8 
17.2 

6  4 

27.0 

0.2 

.  -    .. 

110.4 

9.2 

South  Carolina 

40.6 

Texas . 

.2 

Total 

27.0 

98.0 

41.6 

.2 
.2 

166  8 

.2 

All  other 

1.0 

.2 

1.2 

Total    .  -         

7.2 

83.2 

122.8 

41.6 

.4 

255.2 

ST.  LOUIS,  MO. 


Early: 

California-  -  .. - 

0.2 
2.2 

0.4 

0.6 

Florida 

11.4 

90.0 

54.0 

157.6 

Total             

11.4 

90.0 

54.0 

2.4 

.4 

158.2 

Second  early: 

.4 
37.4 

10.2 

404.0 

1.4 

31.2 

3.2 
80.0 

13.8 

Georgia 

.2 

521.6 

South  Carolina 

1  4 

Texas                     

.4 

18.0 

23.2 

1.0 

73.8 

Total 

.4 

55.8 

446.8 

106.4 

1.2 

610.6 

Late: 

5.4 

39.6 

3.0 

.8 

1.6 

125.4 

4.4 

0.2 

48.2 

.8 

Tllinni.s 

.4 

231.2 

16.0 

.6 
3.8 

2.6 

10.0 

370.4 

Oklahoma 

20.4 

Total           - 

15.4 

287.2 

135.2 

4.6 

442.4 

All  other: 

1.8 
.2 

1.8 

Unknown 

.2 

.6 

.2 

1.2 

Total           

.2 

2.0 

.6 

.2 

3.0 

Total 

11.8 

146.0 

518.2 

396.6 

137.0 

4.6 

1,  214.  2 

ST.  PAUL,  MINN. 


Early: 

0.4 
10.6 

0.4 

Florida                  

0.2 

6.8 

17.6 

Total 

.2 

11.0 

6.8 

18.0 

Second  early: 
Alabama 

.6 
31.8 

.2 
51.4 

.6 

.2 

3.0 

16.8 

0.2 

52.0 

South  Carolina 

.2 

Texas - 

12.8 

16.4 

80.6 

Total 

.2 

15.8 

84.0 

33.2 

.2 

133.4 

Late: 

Arkansas 

.4 

4.6 

.2 

5.8 

2.6 

.2 

5.2 

Illinois 

.2 

3.8 
.4 

9.6 

Oklahoma 

3.0 

0.2 

.2 

Total 

.4 
.2 

13.2 

4.4 

.2 

18.2 

All  other 

.2 

Total 

.4 

26.8 

91.4 

46.4 

4.6 

.2 

169.8 
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Tablb  5. — Carload  unloads  of  watermelons  at  66  markets  by  months,  average, 

1926-30 — Continued 

SALT  LAKE  CITY,  UTAH 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Fftrlv  California 

Cars 

Cars 
0.4 

Cart 
28.6 

Cars 

65.8 

Cara 
39.6 

Cars 
1.4 

Cars 

Carx 

Cars 
135.8 

Second  early: 

.2 

.6 

.2 
2.6 

.4 

.6 

3.8 

Total                   

.8 

2.8 

.6 

4.2 

Late: 

Idaho                      

.2 
.2 

.2 

.2 

Total                   

.4 

.4 

All  other: 

Utah                          

0.2 

.2 

Mexico 

.2 

.2 

Nevada 

2.2 

6.8 

9.0 

Total 

.2 

2.2 

6.8 

.2 

9.4 

Total                    

.6 

29.4 

70.8 

47.4 

1.4 

.2 

149.8 

SAN  ANTONIO,  TEX. 


0.4 
3.2 

""9.'2' 
.6 

0.4 
3.8 

0.2 

1.0 

1.6 

7.4 

25.2 

Late"  Oklahoma 

--  .  . 

.6 

All  other:  Mexico. 

.2 

.2 

Total 

1.8 

7.4 

3.6 

9.8 

4.2 

.2 

27.0 

SAN  FRANCISCO,  CALIF. 


Early  California 

3.8 

95.8 
.8 

137.4 
.4 

90.6 

69.2 

14.0 

0.8 

401.6 

Second  early  Arizona 

1.2 

Total 

3.8 

96.6 

137.8 

90.6 

69.2 

14.0 

.8 

402.8 

SEATTLE.  WASH. 


Earlv:  California 

L2 

62.6 

125.0 

7L0 

1.8 

1.0 

252.6 

Second  early: 

.2 
.2 

.2 

Texas  

.2 

Total.... 

.4 

.4 

.2 

28.8 

23.2 
.2 

52.0 

All  other 

.2 

.4 

Total 

1.2 

53.2 

126.2 

99.6 

25.2 

1.0 

305.4 

SHREVEPORT,  LA- 


Early:  Florida 

0.6 
.6 

1.2 
16.0 

1.8 

Second  early:  Texas 

7.2 

0.4 

24.2 

Total 

1.2 

17.2 

7.2 

.4 

26  0 

SIOUX  CITY,  IOWA 


Early: 

California 

1.6 
1.2 

1  6 

Florida 

0.8 

0.2 

2  2 

Total 

.8 

2.8 

.2 

3.8 

== 
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Table  5. — Carload  unloads  of  watermelons  at  66  markets  by  months^  average, 

1926-30— Continued 

SIOUX  CITY,  IOWA— Continued 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Second  early: 
Georgia 

Cars 

Cars 

Cars 
0.8 
17.2 

Cars 

2.0 

40.6 

Cars 
0.6 
18.8 

Cars 

0.2 

.2 

Cars 

Cars 

Cars 
3.6 

76.8 

Total 

18.0 

42.6 

19.4 

.4 

80.4 

Late: 

Arkansas 

1.0 

.2 

3.4 

1.0 

1.0 

.2 

1.4 
.4 

4.8 

Oklahoma 

1.4 

Total 

5.6 

1.8 

7.4 

A.11  other'  Unknown 

.2 

.2 

Total 

0.8 

20.8 

43.0 

25.0 

2.2 

91.8 

SPOKANE.  WASH. 


Early  California 

0.2 

13.4 
.4 

49.0 
.2 
.4 

24.6 

0.2 

87.4 

.6 

Late-  Washington 

27.2 
.2 

6.8 

34.4 

All  other*  Oregon 

.2 

Total 

.2 

13.8 

49.6 

52.0 

7.0 

122.6 

SPRINGFIELD,  MASS. 


Early  Florida 

2.6 

31.8 

10.0 

44.4 

Second  early: 
Alabama 

.2 
16.0 

2 

Georgia                

36.2 

3.8 
4,4 
9.2 

56.0 

North  Carolina 

4.4 

24.6 

33.8 

Total 

16.2 

60.8 

17.4 
.6 

94  4 

.6 

All  other 

.4 

.4 

Total 

2.6 

48.4 

70.8 

18.0 

139.8 

SYRACUSE,  N.Y 


Early: 

California 

0.4 
18.8 

0.4 
9.4 

0.8 

Florida 

:::::::: 

1.4 

29.6 

Total-- 

1.4 

19:2 

9.8 

30.4 

Second  early: 

.2 

.4 

.4 

30.8 

1.0 

31.4 

.6 

Arizona          

.4 

Georgia 

.    13.8 

4.2 
11.4 
10.6 

48  8 

North  Carolina 

12.4 

South  Carolina      

.4 

42  4 

Total- 

14.4 

64.0 

26.2 

104.6 

Late: 

.2 
.2 

.2 

Virginia         .  . 

2 

Total 

.4 

.4 

All  other 

.2 

0.2 

.4 

Total 

1.4 

33.8 

73.8 

26.6 

.2 

135.8 

ORIGIN,  DISTRIBUTION,  AND    PRICE    OF  WATERMELONS 


27 


Table  5. — Carload  unloads  of  watermelons  at  66   markets  by   months,   average, 

1926-30 — Continued 


TAMPA, 

FLA. 

State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early:  Florida 

Cars 

Cars 
2.6 

Can 
20.0 

Car$ 
38.8 

Cars 
0.6 

Cars 

Cars 

Cars 

Cars 
62.0 

Second  early: 

Alabama 

1.4 
20.0 

1.4 

Georgia...         

1.8 

39.6 
1.0 

6.0 

66.4 

South  Carolina 

1.0 

Total 

1.8 

21.4 
.4 

40.6 

6.0 

68.8 

All  other:  Louisiana. 

,4 

Total 

2.6 

21.8 

60.6 

41.2 

5.0 

131.2 

TERRE  HAUTE,  IND. 


Early:  Florida 

8.4 

7.4 

0.2 

16.0 

Second  early: 

.2 

4.8 

.6 

29.4 

.2 

.2 
12.4 

1.0 

Georgia 

46.6 

Texas 

.2 

Total 

5.0 

30.2 

12.6 

47.8 

Late: 

Indiana 

.4 

.8 

0.2 

.6 

Missouri 

.8 

Oklahoma 

.4 

.4 

Total 

.4 

.4 

1.2 
.2 

.2 

1.8 

All  other 

.6 

Total 

13.4 

38.4 

14.2 

.2 

66.2 

TOLEDO, 

OHIO 

Early:  Florida 

1.2 

28.4 

14.0 

43.6 



Second  early: 

Alabama    .           .... 

.6 
19.4 

5.2 
92.8 

.8 
1.8 

.4 

5.8 

Georgia 

.43.0 
1.8 

0.2 

156.4 

North  Carolina 

2.6 

South  Carolina 

1.8 

Texas 

.6 

1.0 

Total              .  -    . 

20.6 

101.0 

44.8 

.2 

166.6 

Late: 

Arkansas 

.2 

.2 

Indiana 

2.0 
.2 

.2 

2.2 

Illinois 

.2 

Total 

.2 
.6 

2.2 
1.0 

.2 

2.6 

All  other    

.6 

2.2 

Total 

1.2 

49.6 

115.8 

48.0 

.4 

215.0 

WASHINGTON,  D.C. 


Early:  Florida 

5.2 

53.4 

30.2 



88.8 

Second  early: 

Georgia 

24.4 

97.6 

7.0 

98.2 

26.6 
27.4 
31.2 

0.6 

140.2 

North  Carolina 

34.4 

South  Carolina 

.6 

130.0 

Total 

25.0 

202.8 

85.2 

.6 

313.6 

Late: 

Colorado 

.2 

1.4 

12.0 

39.8 

0.4 

.6 

Delaware        

1.4 

Maryland 

13.6 
97.2 

.2 
.4 

25.8 

Virginia 

2.8 

140.2 

Total          

2.8 
.6 

110.8 

53.4 

1.0 

168.0 

All  other 

.6 

Total 



5.2 

7a4 

236.4 

196.0 

54.0 

1.0 

571.0 
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Table   5. — Carload  unloads  of  watermelons  at  66  markets  by  months,  average, 

1 926-30 — Continued 

WORCESTER,  MASS. 


State  of  origin 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Total 

Early  Florida 

Cars 

Cars 
0.6 

Cars 
15.0 

Cars 
8.8 

Cars 

Cars 

Cars 

Cars 

Cars 
24.4 



Second  early: 

Alabama 

1.0 

14.0 

.2 

8.2 

1.0 

6.2 

0.2 
.8 
3.0 

20.4 

North  Carolina 

1.0 

South  Carolina.- 

11.2 

Total 

6.2 

23.4 

4.0 

33.6 

Total 

.6 

21.2 

32.2 

4.0 

58.0 

YOUNGSTOWN,  OHIO 


Early: 

California . 

0.2 
23.6 

0.2 

Florida 

2.2 

37.2 

0.2 

63.2 

Total 

2.2 

37.2 

23.8 

.2 

63.4 

Second  early: 
Alabama 

1.4 
18.4 

2.8 
91.8 
.4 
1.4 
1.0 

.6 

44.8 
.8 
.4 

4.8 

0.8 

155.8 

North  Carolina. 

1.2 

South  Carolina 

1.8 

Texas           

1.0 

2.0 

Total 

20.8 

97.4 

46.6 

.8 

165.6 

Late: 

.2 

.2 
.2 

.4 

Missouri 

.2 

Total 

.2 
.2 

.4 

.6 

All  other 

.4 

4.2 

4.8 

Total 

2.2 

68.4 

125.4 

47.2 

1.2 

234.4 

The  unload  reports  received  by  the  Market  News  Service  of  the 
United  States  Department  of  Agriculture  indicate  the  distribution 
among  these  markets  of  the  production  of  each  State  that  made 
carload  shipments  of  watermelons  during  the  1926-30  period.  During 
this  period  these  markets  unloaded  bS  percent  of  the  total  carload 
shipments  of  watermelons  in  the  United  States. 

The  watermelon  season  at  each  of  the  66  markets  usually  begins 
in  May  and  continues  for  about  5  months  to  September.  The  ship- 
ments from  some  one  State  usually  predominate  on  each  of  the  mar- 
kets. This  condition  is  influenced  somewhat  by  the  accessibility  of 
the  market  from  the  sources  of  supply.  The  peak  of  the  season 
at  each  of  the  markets  is  reached  in  either  June  or  July,  depending 
upon  the  seasonal  movement  of  the  principal  source  of  supply. 

The  early  crop  from  Florida  reaches  those  of  the  66  markets  (table 
5)  situated  east  of  the  Mississippi  River  and  a  few  of  those  markets 
west  of  that  river.  The  early  crop  of  California  is  usually  distributed 
among  western  markets,  but  an  occasional  shipment  from  this  crop 
appears  on  the  middle  western  or  eastern  markets.  California  ships 
watermelons  during  the  early,  second  early,  and  late  period  of  each 
season,  but  the  State  is  arbitrarily  listed  in  table  5  as  ''early." 

Competition  in  marketing  the  watermelon  crop  usually  begins  in 
June.     At  this  time  shipments  from  northern  sections  of  Florida, 
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southern  Georgia,  and  Alabama  appear  on  the  eastern  markets,  and 
Texas  is  making  shipments  to  the  middle  western  markets  in  compe- 
tition with  those  States.  As  the  season  advances,  shipments  from 
South  Carolina  and  North  Carolina  enter  the  eastern  markets.  Dur- 
ing July  the  overlapping  shipments  from  several  States  reach  the 
seasonal  peak. 

Producers,  sliippers,  and  dealers  want  to  know  the  carload  markets 
that  can  handle  the  commodities  in  which  they  are  interested  and  the 
volume  that  each  market  can  consume,  but  only  meager  data  are 
available  upon  which  to  base  a  distribution  table  showing  such  infor- 
mation. The  railroads  report  each  car  of  watermelons  shipped  from 
point  of  origin  as  billed  to  some  specific  destination.  Each  car  so 
reported  is  subject  to  diversion  while  in  transit.  The  railroads  report 
changes  in  destination  in  passing  reports  issued  from  different  stations 
along  the  route.     During  the  Florida  season  Way  cross,  Ga.,  reports 
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Figure  2.— Many  of  the  points  shown  on  this  map  represent  distribution  centers  for  the  surrounding 
territory.    Supplies  for  the  smaller  markets  are  delivered  by  motcr  truck,  or  otherwise,  from  these  points, 

watermelon  passings,  and  Potomac  Yards,  Va.,  and  Cincinnati,  Ohio, 
report  passings  throughout  the  season. 

Table  6  was  compiled  from  original  billings  for  1931,  corrected  by 
''passing"  reports.  The  last  point  reported  for  each  car  was  used  as 
the  final  destination  as  shown  in  the  table.  No  reports  of  the  arrival 
of  these  cars  at  points  designated  are  available  except  for  the  66  large 
markets  that  report  unloads  to  the  Department  of  Agriculture.  Di- 
versions made  but  not  reported  may  increase  or  decrease  the  number 
of  cars  shown  for  any  of  the  stations  named. 

The  markets  named  in  table  6  are  shown  in  figure  2.  These  markets 
represent  the  destination  of  watermelon  shipments  from  Florida, 
Alabama,  Georgia,  and  South  Carolina  during  the  1931  season.  This 
distribution  reaches  813  markets  in  the  United  States  and  Canada. 
The  total  shipments  from  the  four  States  during  1931  approximated 
33,186  cars  by  rail,  of  which  about  91  percent,  or  30,106  cars,  are 
accounted  for  in  this  illustration.  The  density  of  this  distribution 
corresponds  closely  to  the  density  of  the  population. 
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Table  6. — Approximate  distribution  of  30,106  cars  of  watermelons  from  Florida, 
Georgia,  Alabama,  and  South  Carolina,  season,  1931 


State  and  market 


Alabama: 

Alabama  City- 
Alexander  City 

Anniston 

Athens 

Bessemer 

Birmingham... 

Decatur 

Gadsden 

Girard. 

Mobile 

Montgomery.. - 

Opelika 

Sheffield 

Sylacauga 

Tuscaloosa 


Total 

520 

Arkansas: 

Blytheville 

1 

2 

Jonesboro 

1 

Newport 

1 

Total 

5 

Connecticut: 

Bridgeport- 

1  88 

Bristol 

2 

Danbury 

1 

Hartford           ..  ... 

95 

New  Britain 

8 
1  103 

New  London 

Norwalk 

11 
6 

Norwich 

8 

Putnam . 

2 

South  Norwalk 

Torrington 

11 
5 

Water  bury  .. 

23 

Willimantic 

6 

Total 

369 

Delaware: 

Milford         

2 

Wilmington 

50 

Total 

52 

District   of   Columbia: 
Washington 

1487 

Florida: 

Arcadia 

2 

2 

Bartow 

1 

Belle  Glade. 

1 

Bowling  Green 

Bradenton 

I 

Clearwater. 

6 

Clewiston 

2 

Daytona  Beach 

4 
1 

Fort  Lauderdale 

Fort  Myers.. 

18 
6 

Fort  Pierce.. 

5 

Hollywood 

1 

1 

Jacksonville  . 

•  401 

Key  West 

14 

Lakeland 

3 

Live  Oak 

1 

Miami ... 

225 

Orlando 

10 

Palatka 

2 

Esti- 
mate of 
deliv- 
eries 


Cars 
1 
1 

11 
1 
1 
'320 
3 
6 
1 
1 
162 
7 
2 
1 
2 


State  and  market 


Reported  unloads. 


Florida— Continued. 

Palm  Beach 

Palmetto. 

Pensacola 

Plant  City. 

St.  Petersburg 

Sanford 

Sarasota 

Sebring 

Tallahassee 

Tampa 

Tarpon  Springs 

Wauchula 

West  Palm  Beach... 
Winter  Haven 

Total -■ 

Georgia: 

Americus 

Athens 

Atlanta 

Augusta 

Baldwin 

Barnesville 

Blue  Ridge 

Boston 

Breman... 

Brunswick 

Camak 

Canton. 

C  ar  ters  ville 

Cedartown 

Central  Junction 

Columbus 

Dalton. 

Dillard. 

Duluth.... 

Elberton 

Everett  City 

Gainesville 

Griffin 

Hapeville 

Industry  Yards 

Inman  Yards. 

Lagrange 

Lindale 

Macon. 

Manchester 

Ray  City 

Rome 

Ross  ville 

Savannah... 

Social  Circle 

Statesboro 

Thomaston 

Thomas  ville 

Valdosta 

Waycross. 

West  Point 

Total 

Diverted 

Total 

Illinois: 

Aurora. 

Benton 

Bloomington 

Burlington 

Cairo 

Canton 

Carbondale 

Champaign 

Chicago — 

2  Some  diverted 


Esti- 
mate of 
deliv- 
eries 


Cars 
1 
2 

27 

11 

38 

5 

7 
1 
1 
184 
1 
8 
57 
1 


962 


2 
5 
1896 
2  811 
1 
2 
1 
6 
1 
2 
6 
2 
1 
3 
1 
38 
2 
1 
1 

1,411 
4 
6 
1 

1,944 

1,709 
16 
4 
8 
2 
2 
3 
12 

2  354 
2 
7 
1 

2  100 
50 

4,361 
4 


1 
1 
7 
3 
4 
1 
1 
8 
2,038 


State  and  market 


Illinois— Continued. 

Danville 

Decatur 

Dixon. 

East  St.  Louis.. 

Freeport 

Galesburg 

Granite  City 

Herrin 

Kankakee 

Kewanee 

Mattoon 

Ottawa 

Peoria 

Quincy 

Rockford 

Springfield 

Urbana 


Total. 


Indiana: 

Anderson 

Auburn... 

Austin 

Bedford 

Bloomington... 

Boston... 

Carlisle 

Columbus 

C  onners  ville.. - 
Crawfordsville. 

Elkhart 

Elwood 

Evans  ville 

Fort  Wayne... 

Frankfort 

Gary 

Hartford  City.. 
Huntington — 
Indianapolis... 
Jeffersonville..- 

Kentland 

Kokomo 

La  Fayette 

Lawrenceburg. 

Logansport 

Marion 

Muncie 

Newcastle 

New  Haven — 

Peru 

Portland 

Richmond 

Rushville 

Seymour 

Shelby  ville 

South  Bend 

Terre  Haute... 

Vincennes 

Wabash 

Warsaw 


Total. 


Iowa: 

Burlington 

Chariton 

Cedar  Rapids.. 
Council  Bluffs- 

Davenport 

Des  Moines 

Dubuque 

Eagle  Grove... 

Estherville 

Fairfield 


3  For  diversion. 


*  Estimated. 
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Table  (>. — Approximate  distribution  of  30,106  cars  of  watermelons  from  Florida, 
Georgia,  Alaba7na,  and  South  Carolina,  season,  1931 — Continued 


State  and  market 


Iowa— Continued. 

Fort  Dodge 

Marshalltown 

Ottumwa 

Preston 

Sioux  City 

Sjpencor 

Waterloo 

Total 

Kansas:  Hutchinson. 

Kentucky: 

Ashland 

Berea 

Cave  City 

Corbin 

Covington 

Cumberland 

Cynthiana 

Danville.- 

Erlanger 

Frankfort 

Franklin.. 

Harlan 

Hazard 

Henderson. 

Hopkinsville 

Lexington 

Lothair 

Louisville... 

Maysville.. 

Middlesboro 

Newport 

Owensboro 

Paducah... 

Paintsville.- 

Paris 

Pikeville 

Pineville 

Prestonsburg 

Somerset -. 

Winchester 

Total 

Louisiana: 

Baton  Rouge 

New  Orleans 

Total 

Maine: 

Auburn 

Bangor 

Biddeford. 

Calais 

Caribou 

Gardiner 

Lewiston 

Old  Town 

Portland 

Presque  Isle 

Rockland 

Rumford 

Saco.. 

Waterville 

Total 

Maryland: 

Baltimore 

Berlin 

Cumberland 

Frederick 

Qwynns  Run 

1  Reported  unloads. 


Esti- 
mate of 
deliv- 
eries 


Cars 


69 


27 
1 
2 
5 
1 
4 
1 

11 
1 
2 
1 
7 
3 
1 
2 

1  106 
1 

1503 
6 
1 
3 
1 
6 
3 
1 
1 


1 
705 


5 
791 


796 


123 


•600 
2 
27 
2 
5 


State  and  market 


Maryland— Continued 

Hagerstown 

Lineboro 

Oakland 

Princess  Ann 

Salisbury 

Total 

Massachusetts: 

Athol 

Bedford 

Boston 

Brockton 

Cambridge -. 

Fall  River 

Fitchburg 

Framingham 

Gardner 

Grafton 

Great  Barrington.. 

Greenfield 

Haverhill... 

Holyoke 

Lawrence 

Lowell 

Medford 

Middleboro 

Nantucket 

New  Bedford 

Newburyport 

North  Adams 

Palmer 

Pittsfleld 

Somerville... 

Springfield 

Walpole 

Watuppa 

Webster 

West  Medford 

Worcester 

Total 

Michigan: 

Adrian 

Alma.. 

Ann  Arbor. 

Bay  City 

Battle  Creek 

Benton  Harbor 

Big  Rapids 

Brampton 

Cadillac 

Charlevoix 

Charlotte 

Detroit 

Durand 

Escanaba 

Flint 

Grand  Rapids 

Hancock 

HUlsdale 

Holland 

Houghton 

Imlay  City 

Iron  Mountain 

Ironwood 

Iron  River 

Ishpeming 

Ithaca 

Jackson 

Kalamazoo 

Lansing 

Ludington 

Manistee 

Marietta 


Esti- 
mate of 
deliv- 
eries 


Cars 
28 

1 
6 
1 
7 


678 


2 
5 
1679 
1 
6 
9 
7 
1 
1 
1 
1 
2 
9 
5 
2 
4 
3 
1 
1 
28 
1 

10 
1 


1  153 

1 
11 


1.026 


1 
2 
1 
9 
7 
4 
1 
1 
2 
1 
2 
«  1,261 
1 
2 
62 
1  194 

4 
3 

1 

1 

1 

2 

1 

1 

2 

32 

13 

22 

2 

1 

1 


State  and  market 


Michigan— Continued 

Menominee 

Midland 

Muskegon 

Niles 

Owosso 

Petoskey 

Pontiac 

Port  Huron 

Saginaw 

Sturgis-- 

Traverse  City 

Three  Rivers 

Total 

Minnesota: 

Duluth 

Hibbing- 

Marshall 

Minneapolis 

Owatonna 

Red  Wing 

Rochester 

St.  Paul 

Windom. 

Winona 

Total 

Mississippi: 

Greenville 

Greenwood 

Jackson. 

Laurel- 

Natchez 

Tupelo 

Vicksburg 

Total- .-.- 

Missouri: 

Hannibal 

Jefferson  City 

Kansas  City 

Marshall- 

St.  Joseph 

St.  Louis 

Springfield 

Total 

Nebraska: 

Grand  Island 

Omaha 

Total- 

New  Hampshire: 

Claremont 

Concord 

Dover 

Keene- 

Lebanon 

Manchester 

Nashua 

Portsmouth 

Total 

New  Jersey: 

Asbury  Park 

Atlantic  City 

Dover 

Elizabeth 

Freehold 

Hackensack 


Esti- 
mate of 
deliv- 


Cara 


1,673 


161 
1 
3 
il79 
1 
1 
1 

198 
1 
1 


337 


1 
1 

162 

1 

1 

1922 

2 


1 
147 


48 


41 
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Table  6. — Approximate  distribution  of  30,106  cars  of  watermelons  from  Florida, 
Georgia,  Alabama,  and  South  Carolina,  season,  1931 — Continued 


state  and  market 


New  Jersey— Contd. 

Long  Branch . 

Metuchen.- 

Morristown 

Newark... 

North  Bergen 

Orange 

Passaic 

Paterson.-- 

Perth  Amboy 

Phillipsburg 

Pittstown 

Plainfield 

Pleasantville 

Red  Bank 

Trenton 

Waverly 

Wildwood 

Total 

New  York: 

Albany 

Amsterdam 

Attica 

Auburn 

Batavia 

Binghamton 

Brocton 

Buffalo 

Bushwick 

Canajoharie 

Chester 

Clifton 

Cohoes 

Corning 

Cornwall 

Cortland 

Delhi... 

Dunkirk 

Elmira 

Endicott.. 

Falconer 

Fonda 

Fulton 

Garden  City. 

Geneva 

Glens  Falls 

Gloversville 

Greenwich 

Hastings 

Homer 

Hornell 

Hudson 

Ithaca 

Jamestown 

Johnson  City 

Kingston 

Lake  View 

Liberty 

Little  Falls 

Lockport 

Long  Island  City. 

Malone 

Maspeth 

Massena 

Middletown. 

Mineola 

Mount  Vernon 

Nassau 

Newburgh 

New  York  City... 

Niagara  Falls 

Norwich 

Nyack 

1  Reported  unloads. 


Esti- 
mate of 
deliv- 
eries 


Cars 


614 


1  153 

14 
1 
3 
2 

42 
2 
1372 
2 
2 
2 
2 
2 
1 
1 
3 
2 
1 

67 
2 
6 
4 
2 

26 
4 

15 
2 
2 
2 
1 
4 
3 
2 

14 
3 
6 
8 
8 
1 
5 
1 
5 

75 
3 

13 

22 
4 
3 

15 
1  3,  252 

10 
1 
1 


State  and  market 


New  York— Contd. 

Ogdensburg 

Olean 

Oneonta 

Oneida 

Oswego 

Patchogue 

Peekskill 

Plattsburg.. 

Port  Henry 

Port  Jervis 

Poughkeepsie 

Riverhead 

Rochester 

Rome 

Saranac  Lake 

Saratoga  Springs.. 

Schenectady 

Spencerport 

Suspension  Bridge 

Syracuse 

Troy 

Tupper  Lake 

Utica 

Valley  Stream 

Watertown 

Watervliet 

Waverly. -- 

Total 

North  Carolina: 

Albemarle 

Asheville 

Burlington 

Chadbourn 

Charlotte 

Clyde 

Concord 

Durham 

Fayette  ville 

Qastonia 

Goldsboro 

Greensboro 

Greenville 

Hamlet 

Henderson  ville    .. 

Hickory... 

High  Point 

Kannapolis 

Madison 

Marion 

Moores  ville 

Mount  Airy 

Norlina 

Raleigh... 

Rocky  Mount 

Salisbury 

Severn 

Sylva 

Thomas  ville 

Wadesboro... 

Washington 

Weldon 

Wilmington 

Wilson 

Winston-Salem. . . 

Total 

Ohio: 

Akron 

Alliance 

Ashland 


Esti- 
mate of 
deliv- 
eries 


Cars 


20 
5 
2 

13 
1 
9 

2 

15 
1 
1243 
7 
1 
7 

56 

1 

1 

1  152 

28 
1 

41 
1 

37 
2 
2 


16 
253 


•245 
5 


State  and  market 


Ohio— Continued. 

Ashtabula.. 

Athens 

Barnesville 

Bellefontaine 

Blanchester.  - 

Bowling  Green 

Bryan 

Cambridge 

Canton 

Chillicothe 

Cincinnati 

Cleveland 

Columbus 

Conneaut 

Coshocton 

Dayton 

Defiance 

Delaware 

Dennison 

Dover 

East  Liverpool 

Elyria 

Findlay 

Fostoria 

Fremont 

Gallon 

Gallipolis 

Greenville 

Hamilton 

Hicksville 

Hillsboro 

Kenton 

Lancaster 

Lima 

Lorain 

Manchester 

Mansfield 

Marietta 

Marion 

Marysville 

Massillon 

Miami.. 

Middleport 

Middletown 

Milford 

Moimt  Vernon 

Nelsonville 

Newark 

New  Lexington 

New  Philadelphia.. 

Norwalk 

Orrville 

Ottawa 

Piqua 

Plymouth 

Portsmouth 

Ravenna 

Salem 

Sandusky 

Sidney 

Somerville 

Springfield 

Steubenville 

Tiffin 

Toledo 

Troy 

Urbana 

Van  Wert 

Wapakoneta 

Warren 

Washington   Court 

House 

Wilmington 

Williamsburg 


Esti- 
mate of 
deliv- 
eries 


Cars 
7 
9 
7 

11 
1 
5 
2 
9 

44 

11 

1  1,499 

1  1,023 

1328 

3 

7 

1320 

15 
6 
1 
2 
3 
1 

11 
9 
2 
1 
2 
4 

17 
1 
6 
4 

21 

29 
4 
1 

32 
3 

19 
1 

15 
1 
2 


1 
4 
13 

1 
1 
2 
1 
5 
4 
1 

20 
1 
2 
3 

10 
1 

47 

10 
5 
179 
4 
1 
1 
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Table  6. — Approximate  distribution  of  30,106  cars  of  watermelons  from  Florida, 
Georgia,  Alabama,  and  South  Carolina,  season,  1931 — Continued 


State  and  market 


Ohio— Continued. 
Winchester... 

Wooster 

Xenia. 

Youngstown.. 
Zanesville 


Total. 


Pennsylvania: 

Allentown 

Altoona 

Bethlehem 

Blairsville 

Bloomsburg — 

Bradford 

Brook  ville 

Brownsville — 
Burgettstown.. 

Butler 

Carbondale 

Carlisle 

Corry 

Chambersburg- 

Charleroi 

Chester ..- 

Clearfield 

Coatesville 

Connellsville.-- 


Du  Bois. 

Easton 

Elizabeth 

Ellsworth 

Ephrata-. 

Erie 

Ford  City 

Franklin 

Oreensburg - 

Halifax 

Hanover 

Harrisburg 

Hazleton 

Hershey- 

Homestead 

Indiana- 

Jeannette 

Johnstown 

Kape-- 

Kittanning 

Lancaster 

Lansford 

Latrobe.- 

Lebanon 

Lehigh  ton. 

Lock  Haven 

Mahanoy  City... 

McKeesport 

Mead  ville 

Meyersdale 

Milton 

Mount  Carmel... 
Mount  Pleasant. 
Mount  Union — 
New  Brighton... 

New  Castle 

New  Kensington. 

Oil  City. 

Petersburg 

Philadelphia 

Pittsburgh 

Pittston.. 

Portage 


Esti- 
mate of 
deliv- 
eries 


Cars 
3 
3 
2 

•257 
27 


4.384 


2 
14 
7 
2 
1 
1 
22 
2 
4 
4 
1 
2 
151 
16 

1 
5 
2 

34 
7 
2 

22 
4 
2 
4 

10 
3 
9 

13 
7 
2 
3 

10 
3 
1 
1 
9 
1 

14 

2 

1,605 

■820 

1 

1 


State  and  market 


Pennsylvania— Con  td. 

Pottstown 

Pottsville 

Punxsutawney — 

Quakertown 

Reading 

Redbank-. 

Ridgway 

Rochester 

Saint  Marys 

Scran  ton.- 

Shamokin — 

Sharon 

Shenandoah 

Somerset 

Souderton 

Stroudsburg. 

Sunbury 

Susquehanna 

Sykesville 

Tyrone 

Union  City 

Union  town 

Warren. -- 

Washington 

Waynesboro 

West  Brownsville. 
West  Elizabeth... 

Wilkes-Barre 

Williamsport 

Wilson — 

York - - 


Total - 


Rhode  Island: 

Newport 

Providence.. 
Olney  ville. - 

Westerly 

Woonsocket. 


Total. 


South  Carolina: 

Anderson 

Charleston 

Chester 

Columbia.- 

East  Spartanburg. 

Florence 

Greenville.. 

Greenwood 

Laurens- 

Newberry- 

Spartanburg 

Sumter 

Warrenville 


Total.. 
Diverted. 


Total. 


South    Dakota:    Sioux 
Falls 


Reported  unloads. 


Tennessee: 

Athens 

Bristol 

Chattanooga. 
Copperhill... 

>  Some  diverted. 


Esti- 
mate of 
deliv- 
eries 


Cars 

2 

23 

5 

10 

64 

1 

1 

1 

2 

68 

16 

13 

15 

6 

10 
20 
2 

1 
6 

25 
7 
1 
1 
1 
1 
103 

20 
1 

22 


3,519 


4 
1207 


251 


1 
41 

1 
17 

1 
64 
30 
11 

3 

3 
27 

1 

»168 


356 
*158 


201 


State  and  market 


Tennessee— Continued . 

Dickson 

Greenville 

Jones boro 

Johnson  City 

Kingsport 

Knoxville 

McKenzie 

McM  inn  ville 

Memphis 

Milan 

Murfreesboro 

Nashville 

Sunbright 


Esti- 
mate of 
deliv- 
eries 


Cars 


Total. 


Vermont: 

Barre ., 

Bellows  Falls 

Burlington 

Montpelier 

Newport -.. 

Rutland 

Saint  Albans 

Saint  Johnsbury. . . 
White  River  Junc- 
tion  


Total. 


Virginia: 

Acca 

Bristol-. 

Charlottesville.. 

Cloverdale 

Courtland 

Covington 

Danville 

Exmore 

Fredericksburg. 
Harrisonburg... 

Lexington 

Lynchburg 

Martinsville 

Newport  News. 

Norfolk.. 

Norton 

Petersburg 

Pochahontas 

Potomac  Yards. 

Richmond- 

Roanoke 

Staunton 

South  Boston... 

Suffolk 

Winchester 


Total.. 
Diverted. 


Total. 


West  Virginia: 

Beckiey 

Berkeley  Springs. 

Bluefield 

Charleston 

Clarksburg 

Clendenin 

Elkins 

Fairmont 

Gauley 


1 
1 

1231 
1 
4 

1342 
3 


780 


48 


5 

1 

1 

2 

47 

1 

2 

2 

1 

53 

6 

8 

189 

1 

>199 

1 

»2,796 

1107 

31 

7 

1 

2 

6 


3,371 
2.896 


475 


>  For  diversion. 


« Estimated. 


34 


TECHNICAL   BULLETIN    398,  U.S.  DEFT.  OF  AGRICULTURE 


Table  6. — Approximate  distribution  of  30,106  cars  of  watermelons  from  Florida^ 
Georgia,  Alabama,  and  South  Carolina,  season,  1931 — Continued 


state  and  market 

Esti- 
mate of 
deliv- 
eries 

State  and  market 

Esti- 
mate of 
deliv- 
eries 

State  and  market 

Esti- 
mate of 
deliv- 
eries 

West  Virginia— Contd. 
Hinton 

Ob.rs 
52 
10 
14 

18 

40 

3 

1 
6 

West  Virginia— Contd. 
Weston 

Cars 

1 
78 
3 

Canada— Continued. 
Quelph 

Cars 
5 

Wheeling 

Halifax 

2 

Keyser 

Logan 

Mabscott 

21 

Total  

Tfinpstnn 

1 

411 

Kitchener.    

5 

Martinsburg 

Wisconsin: 

Eau  Claire .-. 

9 
104 

2 
1 
9 
1385 
1 
1 

Montreal .. 

North  Bay -  --. 

3 

Middlebourne 

Green  Bay 

Ontario 

1 

Montgomery 

Morgantown 

Moundsville 

La  Crosse 

Oshawa 

2 

Milwaukee    

Ottawa 

25 

Racine 

Peterboro 

1 

Mount  Hope 

lVrnl1pn<; 

Stevens  Point 

Total 

Saint  Johns.-     .  .  . 

1 

St  Williams 

1 

399 

Sault  Ste.  Marie..-. 
Stratford 

3 

Northfork 

Canada: 

Bellevnie      

3 

Parkersburg 

2 
3 

1 
3 
1 
2 

Sudbury 

1 

Toronto  ...  

147 

Princeton 

Brantford 

West  Toronto 

Winnipeg 

7 

Cedar  Brae ..- 

2 

Total 

War  

Erin 

356 

Welch                .    .- 

Fort  William 

Reported  unloads. 


WATERMELON  UNLOADS  AT  NEW  YORK  CiTY 


Circles  represent  total  State 
shipments,  and  sectors  the  amount 
unloaded  at  New  York  City 


Figure  3.— New  York  City  is  the  largest  carload  watermelon  market  in  the  United  States.  About  one 
third  of  the  carload  supply  at  this  market  originates  in  Georgia.  The  early  supply  originates  in  Florida 
and  represents  one  eighth  of  the  shipments  from  that  State. 


ANALYSIS  OF  SUPPLY  OF  SEVEN  MARKETS 

NEW  YORK  OTY  MARKET 

Practically  86  percent  of  the  New  York  City  watermelon  supply 
originates  in  Florida,  Georgia,  and  South  Carolina.  The  early 
arrivals  on  this  market  are  from  Florida.  As  the  season  advances 
these  arrivals  are  followed  by  others  from  Georgia,  Alabama,  South 
Carolina,  North  Carolina,  Virginia,  Delaware,  Maryland,  and  New 
Jersey  in  the  order  named.  The  market  relations  of  these  States 
to  the  New  York  City  market  are  shown  in  figure  3.     Some  shipments 
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from  nearby  States  arrive  at  this  market  by  motor  truck,  but  the 
truck  receipts  of  watermelons  are  a  relatively  small  quantity  and  in 
1931  were  equivalent  to  only  20  cars  as  compared  with  rail  and  boat 
unloads  of  3,632  cars. 

Over  10  percent  of  the  total  average  shipments  from  the  States 
►shown  in  table  7  have  been  reported  as  unloads  on  this  market.  A 
considerable  number  of  cars  of  watermelons  are  shipped  to  other 
points  within  the  New  York  City  metropolitan  area  in  addition  to 
those  billed  direct  to  the  city  market.  There  is  a  large  accumulation 
of  watermelons  at  this  market  during  the  height  of  each  season. 


Table  7.- 


-Carload  shipments  of  watermelons  from  States  supplying  New   York 
City  and  unloads  at  New  York  City,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Average  unloads  at 

To  all 
points 

To  New 
York  City 

New  York  City 

Georgia 

Cars 

20,281 

9,046 

4,339 

1,244 

431 

258 

78 

18 

1,174 

Percent 
5.96 
12.23 
20.95 
28.54 
17.17 
14.19 
40.51 
90.00 
.61 

Cars 

1,209.0 

1, 106. 4 

909.0 

355.0 

74.0 

36.6 

31.6 

16.2 

7.2 

.4 

Percent 
32.28 

Florida                  .    . 

29  54 

South  Carolina 

24  27 

North  Carolina 

9.48 

Virginia 

1  98 

Maryland 

98 

Delaware 

.84 

New  Jersey 

.43 

Alabama 

19 

All  other 

.01 

Total 

36,869 

10.16 

3, 745. 4 

100  00 

Circles  repreaent  total  State 
shipments,  ondsecfors  the  amount 
unloaded  at  Chicago 


Figure  4.— Chicago  is  the  second  largest  carload  watermelon  market.  Practically  one  half  of  its  car- 
load supply  originates  in  Georgia.  Shipments  from  Florida.  Texas,  and  Missouri  represent  about  40 
percent  of  the  market's  needs.    The  remainder  of  the  supply  is  scattering. 

CHICAGO  MARKET 

Nearly  all  of  the  leading  watermelon  States  use  Chicago  as  an  out- 
let for  a  part  of  their  crop.  Georgia  and  Florida  are  the  principal 
sources  of  supply.  The  market  relation  of  each  State  shipping  to 
this  market  is  shown  in  figure  4. 
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An  average  of  2,533  cars  of  watermelons  has  been  reported  as 
unloads  on  the  Chicago  market  during  the  5-year  period,  1926-30. 
A  graphic  drawing  showing  trends  of  the  daily  supply  and  disappear- 
ance of  watermelons  at  Chicago  resembles  that  part  of  figure  10 
which  shows  those  items  for  the  New  York  City  market.  The 
carry-over  from  day  to  day  represents  the  total  of  both  broken  and 
unbroken  cars.  This  market  consumes  considerable  stock  from  the 
late-crop  States  (table  8). 


Table   8. 


-Carload   shipments   of  watermelons  from   States   supplying    Chicago, 
and  unloads  at  Chicago,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Average  unloads  at 
Chicago 

To  all 
points 

To  Chicago 

Cars 

20,281 

9,046 

5,778 

1,334 

448 

231 
1,174 

370 
4,339 

125 
1,244 

110 

209 

62 

6,947 

154 

Percent 

6.11 

7.12 

3.29 

13.39 

15.98 

28.31 

5.55 

12.11 

.32 

8.96 

.16 

1.82 

.48 

1.92 

.01 

1.04 

Cars 

1, 240. 0 

644.4 

190.2 

178.6 

71.6 

65.4 

65.2 

44.8 

13.8 

11.2 

2.0 

2.0 

1.0 

1.0 

.6 

1.6 

Percent 
48.95 

Florida          .                          .  .                  ...     

25.44 

Texas 

7.51 

7.05 

2.83 

Indiana 

2.58 

2.57 

Arkansas 

1.77 

South  Carolina 

.54 

Illinois 

.44 

North  Carolina 

.08 

Iowa 

.08 

Mississippi—  .    .-  -.-  - .    

.04 

Colorado 

.04 

California 

02 

Another 

.06 

Total 

50,  842 

4.98 

2,  533.  4 

100  00 

Circles  represent  total  State 
shipments,  and  sectors  the  amount 
unloaded  at  Philadelphia 


Figure  5.— Georgia,  the  Carolinas,  and  Florida  supply  more  than  96  percent  of  the  carload  supply 
this  marlset.    The  late  supply  for  this  market  is  from  nearby  States. 

PHILADELPHIA  MARKET 

Nearly  all  of  the  total  supply  of  watermelons  at  the  Philadelphia 
market  originates  in  the  Atlantic  Coast  States.  Georgia  and  South 
Carolina  are  the  leading  carload  shippers  to  this  market.  Figure  5 
shows  this  market's  relation  to  each  of  the  States  contributing  to  this 
supply.     It  is  estimated  that  during  the  1931  season  the  equivalent 
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of  328  cars  of  watermelons  were  delivered  on  the  Philadelphia  market 
by  truck.  These  receipts  originated  in  Delaware,  Maryland,  and 
New  Jersey. 

A  Httle  over  17  percent  of  the  Philadelphia  carload  supply  of  water- 
melons originates  m  Florida.  South  Carolina  shipments  to  this  mar- 
ket nearly  equal  those  received  from  Georgia,  a  condition  that  occurs 
at  few  of  the  large  markets  (table  9). 

The  truck  receipts  from  Delaware,  Maryland,  and  New  Jersey 
during  1931  (328  cars)  nearly  equalled  the  average  (1926-30)  carload 
shipments  from  those  States.  Delaware  supplied  more  than  55  per- 
cent of  these  truck  supplies. 

Table  9. — Carload  shipments  of  watermelons  from  States  supplying  Philadelphia, 
and  unloads  at  Philadelphia,  average,  1926-30 


State  o(  origin 

Average  State 
shipments 

Average  unloads  at 
Philadelphia 

To  all 
points 

To  Phila- 
delphia 

Qeorpia 

Cars 

20,281 

4,339 

9,046 

1,244 

258 

431 

78 

18 

1,174 

5,778 

Percent 
2.70 

12.08 
3.10 

16.56 
8.22 
4.18 

18.72 

5.56 

.03 

Cars 

547.2 

524.4 

280.0 

206.0 

21.2 

18.0 

14.6 

1.0 

.4 

.2 

Percent 
33.92 

South  Carolina -- 

32.51 

Florida 

17.36 

12.77 

Maryland                                    

1.31 

1.12 

.91 

New  Jersey                                                     

.06 

.03 

Texas                           

.01 

Total 

42,647 

3.78 

1.613.0 

100.00 

Watermelon  Unloads  at  St.  Louis 
Average,  1926-1930 


Circles  represent  total  State 
shipments,  and  sector^  the  amount 
unloaded  at  St.  Louu 


FiouRK  6.— St.  Louis  receives  nearly  28  percent  of  the  Missouri  carload  shipments  of  watermelons.    Georgia 
is  the  principal  source  of  supply.    Florida  and  Texas  furnish  the  early  shipments. 

ST.  LOUIS  MARKET 

St.  Louis  receives  the  greater  part  of  its  watermelon  supply  from 
Georgia,  Missouri,  and  Florida.  The  market  relations  of  this  city 
to  those  States  from  which  its  watermelon  supply  originates  is  shown 
in  figure  6.  The  extent  of  the  truck  movement  to  this  market  has 
not  been  officially  determined. 
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St.  Louis  is  fourth  in  rank  as  a  watermelon  market  among  those 
cities  east  of  the  Rocky  Mountains.  It  is  centrally  located  as  regards 
the  southeastern  producing  sections  and  those  of  Texas.  The  main 
Texas  movement  begins  to  arrive  on  this  market  the  last  of  June  in 
competition  with  the  peak  movement  from  Florida.  During  July  the 
peak  of  the  Texas  movement  competes  on  this  market  with  the  peak 
shipments  from  Georgia,  and,  during  August,  shipments  from  Missouri 
are  at  their  peak.  Arkansas  sends  about  one  eighth  of  its  crop,  and 
Oklahoma  and  Alabama  make  small  shipments  to  this  market  each 
year  (table  10). 

Table  10. — Carload  shipments  of  watermelons  from  States  supplying  St.  Louis,  and 
unloads  at  St.  Louis,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Averaee  unloads  at 

To  all 
points 

To  St. 
Louis 

St.  Louis 

Georgia 

Cars 

20,281 

1.334 

9,046 

5,778 

370 

448 

1,174 

125 

4,339 

52 

5,947 

30 

Percent 

2.57 

27.77 

1.74 

1.28 

13.03 

4.55 

1.18 

2.08 

.03 

1.54 

.01 

10.00 

Cars 

521.6 

370.4 

157.6 

73.8 

48.2 

20.4 

13.8 

2.6 

1.4 

.8 

.6 

3.0 

Percent 
42  96 

Missouri.      .     . 

30.50 

Florida 

12.98 

Texas 

6  08 

Arkansas .....       .    . 

3.97 

Oklahoma.... 

1.68 

Alabama 

1  14 

Illinois 

.21 

South  Carolina. - 

.  11 

Colorado 

07 

California 

.05 

All  other 

.25 

Total 

48, 924 

2.48 

1,214.2 

100  00 

Watermelon  Unloads  at  Cleveland 
Average,  1926-1930 


Circles  represent  total  State 
shipments. and  sectors  ttte  amount 
unloaded  at  Cleveland 


Figure  7.— Cleveland  receives  carload  shipments  of  watermelons  from  13  States,  but  over  95  percent 
its  total  carload  supply  originates  in  Georgia  and  Florida. 


CLEVELAND  MARKET 


Thirteen  States  were  named  in  the  watermelon  unload  reports  from 
Cleveland  during  the  1926-30  period.  The  marketing  relation  of 
each  of  those  States  to  the  Cleveland  market  is  shown  in  figure  7. 
With  the  exception  of  Georgia  and  Florida,  the  receipts  were  com- 
paratively small  from  each  of  the  States  named.     An  average  of 
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1.2  cars  per  year  was  received  from  Texas  which  is  the  most  distant 
State  shown  in  this  figure. 

During  the  early  season  Florida  is  the  principal  source  of  supply 
for  the  Cleveland  market.  That  State  ships  to  this  market  oyer 
27  percent  of  this  market's  carload  supply.  Following  the  Florida 
season,  Georgia  predominates  on  this  market  during  the  period  of 
its  season.  Georgia  shipments  unloaded  on  this  market  represent 
more  than  68  percent  of  the  markets  total  carload  supply.  Eleven 
other  States  named  in  table  11  supply  less  than  5  percent  of  this 
market's  carload  supply. 

Table  II. — Carload  shipments  of  watermelons  from  States  supplying  Cleveland,  and 
unloads  at  Cleveland,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Average  unloads  at 
Cleveland 

To  all 
points 

To  Cleve- 
land 

Georgia      - 

Cars 

20,281 

9,046 

1,174 

1,334 

1,244 

4,339 

231 

258 

370 

5.778 

125 

448 

78 

34 

Percent 

3.25 

2.92 

1.18 

.64 

.43 

.12 

1.47 

1.16 

.38 

.02 

.64 

.09 

.26 

2.94 

Cars 

659.2 

263.6 

13.8 

8.6 

5.4 

5.2 

3.4 

3.0 

1.4 

1.2 

.8 

.4 

.2 

1.0 

Percent 
68.16 

Florida                                 

27.26 

1.43 

Missouri .- 

North  Carolina             .               

.89 
.56 

South  Carolina - -- 

.54 

.35 

Maryland                                            -  -  

.31 

.15 

Texas                             - 

.12 

Illinois                                                    .         -      .  .  -  . 

.08 

.04 

Delaware                             ...  

.02 

All  other 

.10 

Total                                      --- 

44,  740 

2.16 

967.2 

100.00 

WATERMELON  UNLOADS  AT  BOSTON 


unload^  at  Boston 


FiauRK  8.— More  than  98  percent  of  the  watermelon  unloads  at  Boston  originate  in  Florida,  Oeorgia  and 

the  Carolinas. 


BOSTON  MARKET 


Florida  is  the  leading  source  of  the  Boston  supply.  All  of  the  other 
Atlantic  States  shown  in  figure  8  make  shipments  to  this  market 
during  some  period  of  the  season.     Georgia  and  South  Carolina  ship- 
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ments  to  this  market  represent  nearly  50  percent  of  its  total  supply. 
North  Carolina  ships  nearly  4  percent  of  its  carload  shipments  to 
Boston  which  amount  is  6.55  percent  of  total  unloads  at  this  point. 
Minor  shipments  from  other  States  represent  less  than  2  percent  of 
the  market's  supply  (table  12). 

Table  12. — Carload  shipments  of  watermelons  from  States  supplying  Boston,  and 
unloads  at  Boston,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Average  unloads  at 

To  all 
points 

To  Boston 

Boston 

Florida 

Cars 

9,046 

20, 281 

4,339 

1,244 

431 

258 

78 

1,174 

18 

5,778 

Percent 
3.46 

.96 
4.05 
3.91 
1.02 

.93 
2.30 

.14 
3.33 

.01 

Cars 

312.8 

193.6 

175.8 

48.6 

4.4 

2.4 

1.8 

1.6 

.6 

.6 

.4 

Percent 
42.12 

Georgia 

26.07 

South  Carolina                                   .... 

23.67 

6.55 

Virginia               .      

.59 

Maryland 

.33 

.24 

Alabama                             .  . . . 

.22 

New  Jersey... 

.08 

Texas      - 

.08 

All  other                                       

.05 

Total 

42,  647 

1.74 

742.6 

100.00 

^ 


Watermelon  Unloads  at  Buffalo 
Average.  1926-1930 


Circles 
shipments. 


Figure  9.— More  than  50  percent  of  the  Buffalo  carload  watermelon  supply  originates  in  Georgia. 


BUFFALO  MARKET 


More  than  one  half  of  the  Buffalo  watermelon  supply  originates  in 
Georgia.  Florida  and  the  Carolinas  furnish  the  larger  part  of  the 
remainder  of  the  supply.  Five  of  the  States  in  the  late  crop  area  use 
this  market  to  some  extent  (table  13),. 
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Table  13. — Carload  shipments  of  watermelons  from  States  supplying  Buffalo,  and 
unloads  at  Buffalo,  average,  1926-30 


State  of  origin 

Average  State 
shipments 

Average  unloads 

To  all 
points 

To  Buflalo 

at  Buffalo 

Georgia 

Cars 

20,281 

9,046 

4,339 

1,244 

1,174 

5,947 

231 

125 

258 

78 

431 

Percent 
0.88 
1.13 
1.00 
1.29 
.12 
.02 
.26 
.32 
.16 
.26 
.05 

Cars 

178.2 

101.8 

43.4 

16.0 

1.4 

1.2 

.6 

.4 

.4 

.2 

.2 

1.6 

Percent 
61.59 

Florida          

29.47 

South  Carolina 

12.66 

4.63 

Alabama                .                  .... 

.41 

California. 

.36 

Indiana 

.17 

Illinois 

.12 

.12 

Delaware 

.06 

.06 

All  other               

.46 

Total 

43,154 

.80 

345.4 

100.00 

WATERMELON  CONSUMPTION 

The  total  population  reported  in  the  1930  census  of  the  66  cities 
that  report  unloads  of  watermelons  to  the  Department  of  Agriculture 
was  32,521,059.  The  yeariy  average  carioad  unloads  of  watermelons 
on  these  markets  has  been  30,691  during  the  5-year  period  1926-30, 
or  one  car  for  each  1,060  persons  (table  14).  In  addition  to  the  needs 
of  the  population  of  the  city  proper,  a  demand  from  the  surrounding 
metropolitan  area  of  each  market  is  supplied  from  the  city-market 
receipts.  This  outside  demand  varies  with  each  market  and  no 
official  records  are  available  upon  which  to  base  an  estimate  of  its 
extent.  San  Antonio,  Fort  Worth,  Shreveport,  and  Oklahoma  City 
show  small  carload  consumption  as  compared  with  their  population. 
Worcester  shows  the  lowest  per  capita  consumption  among  the  north- 
ern markets.  In  general  the  southern  markets  show  a  larger  per 
capita  consumption  of  watermelons  than  the  more  northern  cities. 

Table    14. — Comparison  of  watermelon  carload  unloads  and   population  of  66 

markets,  1926-30 


Yearly 
aver- 
age 
un- 
loads 

Population 

City 

Yearly 
aver- 
age 
un- 
loads 

Population 

City 

Total, 

1930 

census 

Per 
car 
of  un- 
loads 

Total, 

1930 

census 

Per 

car 
of  un- 
loads 

Akron. 

Cars 
247 
116 
756 
856 
700 
743 
77 
345 

2,533 
990 
967 
343 
200 
313 

255,040 
127, 412 
270,366 
804,874 
259,678 
781. 188 
146,  716 
573,076 
3, 376,  438 
451, 160 
900,429 
290,564 
260,475 
200,982 

Num- 
ber 
1,033 
1,098 
358 
940 
371 
1,051 
1,905 
1,661 
1,333 
456 
931 
847 
1,302 
642 

Denver 

Cars 

314 

173 

1,408 

75 

71 
169 

54 
169 

96 
287 
463 
493 
601 
138 

287,861 
142, 559 
1,  568.  662 
101,463 
102,  421 
102,249 
169, 447 
168,592 
164.072 
292,  352 
364,161 
129,549 
399,746 
46,000 

Num- 
ber 
917 

Albany  

Des  Moines 

824 

Atlanta 

Detroit 

1, 114 

Baltimore 

Duluth 

1,353 

Birmingham    . 

El  Paso 

1  443 

Boston 

605 

Bridgeport 

Fort  Worth 

3, 138 

Buflalo 

Grand  Rapids 

998 

Chicago 

Hartford    . 

1,709 

Cincinnati 

Houston 

1  095 

Cleveland 

Indianapolis 

787 

Columbus 

263 

Dallas 

Kansas  City,  Mo 

Lexington 

665 

Dayton 

333 
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Table   14. — Comparison  of   watermelon  carload    unloads    and    population  of  66 
markets,  1926-30 — Continued 


City 


Los  Angeles 

Louisville.- 

Memphis 

Milwaukee 

Minneapolis 

Nashville 

Newark 

New  Haven 

New  Orleans 

New  York 

Norfolk 

Oklahoma  City. 

Omaha 

Peoria 

Philadelphia 

Pittsburgh 

Portland,  Maine 
Portland,  Oreg.. 

Providence 

Richmond 


Yearly, 
aver- 
age 
un- 
loads 


Cars 

2,105 
435 
418 
340 
329 
388 
350 
104 
562 

3,745 
160 
63 
244 
105 

1,613 
936 
60 
376 
237 
128 


Population 


Total, 

1930 

census 


1,  238, 048 
307, 745 
253, 143 
578,  249 
464,  356 
153,  866 
442,  337 
162,  656 
458,  762 

6,  930,  446 
129,  910 
185,  389 
214,006 
104,  969 

1,  950,  961 
669,  817 
70,  810 
301, 815 
252, 981 
182,  929 


Per 

car 
of  un- 
loads 


Num- 
ber 

588 

707 

606 
1,701 
1,411 

397 
1,264 
1,564 

816 
1,851 

812 
2,943 

877 
1,000 
1,210 

716 
1,180 

803 
1,067 
1,429 


City 


Rochester 

St.  Louis 

St.  Paul 

Salt  Lake  City... 

San  Antonio 

San  Francisco 

Seattle 

Shreveport 

Sioux  City 

Spokane 

Springfield,  Mass 

Syracuse 

Tampa 

Terre  Haute 

Toledo 

Washington 

Worcester 

Youngstown 

Total 


Yearly 
aver- 
age 
un- 


Cars 

255 

1,214 

170 

150 

27 
403 
305 

26 

92 
123 
140 
136 
131 

66 
215 
571 

58 
234 


30,  691 


Population 


Total, 


328, 132 
821, 960 
271, 606 
140,  267 
231,542 
634,  394 
365,  583 
76,  655 
79, 183 
115,514 
149,  900 
209,  326 
101, 161 
62, 810 
290,  718 
486,  269 
195,311 
170,  002 


521, 059 


Per 

car 
of  un- 
loads 


Num- 
ber 
1,287 

677 
1,598 

935 
8,576 
1,574 
1,199 
2,948 

861 

939 
1,071 
1,539 

772 

952 
1,352 

852 
3,367 

727 


1,060 


SUPPLY  AND  PRICE 

The  southeastern  watermelon  crop  is  marketed  in  those  States  that 
He  east  of  the  ninety-fifth  meridian.  Keen  competition  centers  in 
the  large  markets  situated  in  that  area.  The  early  shipments  from 
Florida  escape  this  competition,  but  the  later  shipments  from  that 
State  share  with  the  more  northern  States  the  general  troubles 
encountered  in  marketing  a  perishable  crop.  Texas,  Oklahoma, 
Arkansas,  and  Missouri  supply  the  Middle  West  and  to  some  extent 
compete  with  the  southeastern  crop  in  the  area  named  above.  CaH- 
fornia  meets  Uttle  competition,  as  its  crop  is  largely  distributed 
among  Western  markets. 

The  supplies  from  all  sections  vary  each  year  both  in  volume  and 
time  of  movement.  The  increases  or  decreases  in  acreages  reported 
each  year  usually  indicate  the  trend  of  total  production  that  can  be 
expected  for  the  season.  The  total  cars  reported  on  track  (tables  16 
and  17)  by  the  several  markets  each  morning  usually  include  cars 
that  have  been  partly  unloaded  (usually  referred  to  as  ''broken  cars") 
as  well  as  fully  loaded  cars  (''unbroken  cars").  The  unknown  factor 
in  the  volume  of  watermelons  that  these  reports  include  is  the  number 
of  full  cars  the  broken  cars  represent,  on  which  no  official  information 
is  available. 

The  disappearance  shown  in  figure  10  represents  the  unloads  and 
reconsigned  cars  that  are  taken  from  the  total  supply  each  day. 
The  outline  of  the  seasonal  supply  and  disappearance  shown  in  figure 
10  is  typical  of  many  of  the  large  markets. 

Condition  is  an  important  matter  in  the  sale  of  a  perishable  com- 
modity. Receivers  have  been  granted  the  privilege  of  holding  cars 
on  track  for  48  hours  free  of  charge  and  as  long  thereafter  as  they 
desire  on  payment  of  $2  per  day  demurrage  charges  for  the  first  4 
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(lays,  and  $5  por  day  for  tho  rcniainder  of  the  time  cars  are  held. 
Under  tliis  arrangement  the  dealer  can  hold  his  stock  for  several  days 
for  a  moderate  charge.  Results  apparently  do  not  justify  the  practice 
of  holding  lar^e  numbers  of  cars  on  track  in  the  markets. 

Carloads  oi  watermelons  are  often  sold  on  the  New  York  City 
market  for  $200  per  car  or  less.  The  freight  charge  stands  first 
against  the  sale  price  of  each  car.  To  move  a  minimum-weight  car 
to  New  York  City  from  Trenton,  Gilchrist  County,  Fla.,  costs 
approximately  $171  (table  15),  and  from  Barnwell,  Barnwell  County, 
S.C,  $126. 

One  to  three  cars  usually  represent  the  daily  supply  on  each  of 
the  large  markets  during  the  early  part  of  the  season.  After  the 
first  week  or  10  days  the  supply  gradually  increases  from  week  to 
week  until  a  peak  is  reached  about  the  eighth  week  of  the  season. 


I        2        3       A        5       6        7       8       9       10       II       12       13      14      15      16       17 

week  of  season 

figure  10.— price.  supply,  and  disappearance  of  watermelons  at  new 
York  City.  5-Season  average,  1926-30. 

The  trends  outlined  are  typical  of  many  of  the  large  markets.    Variations  occur  at  specific  markets, 
caused  by  local  market  conditions. 

Following  this  point  there  is  a  gradual  decline  in  supplies  to  the  end 
of  the  season.  The  plotting  of  a  supply  line  for  each  of  the  5  years 
included  in  table  16  will  show  that  the  trend  of  the  New  York  City 
supply  for  each  of  the  years  follows  the  general  direction  of  the 
supply  line  shown  in  figure  11.  The  supply  trend  of  the  New  York 
City  market  represents  in  general  the  supply  trend  of  the  12  markets 
included  in  table  17.  The  arrangement  of  tables  16  and  17  was 
based  upon  the  similarity  (regardless  of  the  time  of  movement)  of 
the  trends  shown  for  the  different  years.  The  first  Monday  of 
each  year  on  which  watermelons  were  quoted  by  the  Market -News 
Service  of  the  Deparment  of  Agriculture  was  selected  as  the  first  day 
of  the  season.  The  consecutive  weeks  of  the  different  years  are  run 
parallel  for  comparison. 
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DOLLARS 

PER 

'car 
1.000     — 


12 


13 


6         7         3         9 
weeks  of  season 
Figure  1 1.— relation  of  supply  and  price  of  watermelons  at  new  York, 
5-Season  Average.  1926-30. 

The  inverse  correlation  shown  for  the  first  8  weeks  of  the  season  may  be  accounted  as  the  result  of  increases 
in  volume  of  supply,  but  the  factors  that  influence  the  continued  decline  are  not  so  easily  explained. 
These  conditions  have  recurred  year  after  year. 

Table  15. — Approximate  freight  charge  ^  per  car  of  watermelons  24-000  pounds 

minimum  weight 


Shipping  station 


To 
New  York 


To 
Chicago 


Trenton,  Gilchrist  County,  Fla 

Moultrie.  Colquitt  County,  Qa 

Ashford,  Houston  County,  Ala 

Barnwell,  Barnwell  County,  S.C. 
Weatherford,  Parker  County,  Tex. 


$171. 19 
160. 80 
172. 80 
126.00 


$176.  40 
153.  60 
157.  60' 
171. 60 
192.  00 


1  These  freight  charges  are  presented  as  a  matter  of  general  information.    They  can  have  no  standing: 
in  adjusting  claims  with  the  carriers. 

Table  16. — Supply  of  watermelons  at  New  York  City,  daily,  1926-Sl 
[Supply  (cars  on  track  at  8  a.  m.)] 


1926 

1927 

1928 

1929 

1930 

Aver- 

1926- 
30, 
cars 

1931 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

May  31 
June    1 
2 
3 
4 
5 

1 
2 
7 
8 
6 
4 

May    9 
May  10 
May  11 
May  12 
May  13 
May  14 

1 

\ 

1 
1 
2 

1 

May  14 
May  15 
May  16 
May  17 
May  18 
May  19 

1 
2 
2 

1 
2 

1 

May    6 
May    7 
May    8 
May    9 
May  10 
May  11 

3 

4 
7 
11 
12 
14 

May  26 
May  27 
May  28 
May  29 
May  30 
May  31 

2 
4 
5 
10 

7 
4 

2 
3 

5 
6 
6 
5 

June    8 
June    9 
June  10 
June  11 
June  12 
June  13 

6 
11 
16 
16 
27 
28 

Av 

5 

2 

8 

5 

4 

17 

May  16 
May  17 
May  18 
May  19 
May  20 
May  21 

May  21 
May  22 
May  23 
May  24 
May  25 
May  26 

May  13 
May  14 
May  15 
May  16 
May  17 
May  18 

June    2 
June    3 
June    4 
June    5 
June    6 
June    7 

June  16 
June  16 
June  17 
June  18 
June  19 
June  20 

June    7 
8 

11 

12 

3 
5 
11 
14 
11 
13 

11 

8 

I 

6 
4 

2 
6 
6 
6 
5 
5 

28 
25 
29 
29 
7 
11 

16 
16 
26 
26 
9 
8 

12 
12 
16 
17 

8 
8 

12 

58 
57 
74 
68 
58 
50 

Av 

10 

8 

6 

22 

17 

61 

May  23 
May  24 
May  25 
May  26 
May  27 
May  28 

May  28 
May  29 
May  30 
May  31 
June     1 
June    2 

May  20 
May  21 
May  22 
May  23 
May  24 
May  25 

June    9 
June  10 
June  11 
June  12 
June  13 
June  14 

June  22 
June  23 
June  24 
June  25 
June  26 
June  27 

June  14 
15 
16 
17 
18 
19 

19 
29 
27 
40 
31 
40 

9 
9 

15 
30 
28 
36 

12 
12 
12 
12 
8 
10 

25 
27 
43 
55 
65 
75 

21 
28 
40 
45 
56 
63 

17 
21 
27 
36 
38 
45 

34 
97 
139 
125 
178 
187 

Av.... 

31 

21 

11 

48 

42 

31 

127 
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Table  16. — Supply  of  watermelons  at  New  York  City,  daily,  1926-31 — Continued 


1026 

1927 

1928 

1929 

1930 

Aver- 
192G- 

1931 

, 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

30, 
cars 

Date 

Cars 

June  21 

49 

May  30 

48 

June 

4 

22 

May  27 

78 

June 

16 

86 

57 

June 

29 

312 

22 

50 

May  31 

48 

June 

5 

36 

May  28 

65 

June 

17 

67 

53 

June 

30 

240 

23 

47 

June     1 

49 

June 

6 

44 

May  29 

76 

June 

18 

47 

52 

July 

1 

243 

24 

41 

June     2 

55 

June 

7 

52 

May  30 

34 

June 

19 

51 

47 

July 

2 

175 

25 

24 

June    3 

38 

June 

8 

59 

May  31 

60 

June 

20 

39 

44 

July 

3 

125 

26 

27 

June    4 

32 

June 

9 

65 

June     1 

34 
68 

June 

21 

35 

37 

July 

4 

125 

Av 

40 

45 

44 

64 

48 

203 

June    6 

June 

11 

June    3 

Juue 

23 

July 

6 

June  28 

91 

72 

113 

85 

56 

83 

221 

29 

136 

June    7 

85 

June 

12 

125 

June    4 

106 

June 

24 

71 

106 

July 

7 

233 

30 

172 

June    8 

77 

June 

13 

98 

June    5 

127 

June 

25 

67 

108 

July 

8 

213 

July     1 

188 

June    9 

58 

June 

14 

62 

June    6 

140 

June 

26 

101 

110 

July 

9 

180 

2 

91 

June  10 

42 

June 

16 

69 

June    7 

117 

June 

27 

49 

74 

July 

10 

158 

3 

72 

June  11 

18 

June 

16 

64 

June    8 

146 
120 

June 

28 

147 

89 

July 

11 

165 

Av 

125 

59 

88 

82 

95 

195 

June  13 

June 

18 

June  10 

June 

30 

July 

13 

July     5 

57 

45 

93 

199 

294 

138 

256 

6 

59 

June  14 

58 

June 

19 

84 

June  11 

195 

July 

1 

318 

143 

July 

14 

249 

7 

85 

June  15 

78 

June 

20 

101 

June  12 

192 

July 

2 

417 

176 

July 

15 

231 

8 

82 

June  16 

79 

June 

21 

114 

June  13 

184 

July 

3 

392 

170 

July 

16 

157 

9 

48 

June  17 

57 

June 

22 

82 

June  14 

163 

July 

4 

327 

135 

July 

17 

107 

10 

68 

June  18 

85 

June 

23 

87 
94 

June  15 

125 

July 

5 

271 

127 

July 

18 

120 

Av 

66 

67 

176 

336 

148 

187 

June  20 

June 

25 

June  17 

July 

7 

July 

20 

July  12 

155 

153 

82 

166 

224 

166 

222 

13 

175 

June  21 

205 

June 

26 

79 

June  18 

154 

July 

8 

241 

171 

July 

21 

225 

14 

221 

June  22 

225 

June 

27 

86 

Jime  19 

137 

July 

9 

255 

185 

July 

22 

129 

15 

215 

June  23 

196 

June 

28 

92 

June  20 

1.39 

July 

10 

236 

176 

July 

23 

221 

16 

182 

June  24 

137 

June 

29 

61 

June  21 

91 

July 

11 

226 

139 

July 

24 

232 

17 

214 

June  25 

128 
174 

June 

30 

68 

Jime  22 

125 

July 

12 

285 

164 

July 

25 

242 

Av 

194 

78 

136 

244 

105 

212 

June  27 

July 

2 

June  24 

July 

14 

July 

27 

July   19 

337 

141 

128 

266 

381 

251 

306 

20 

372 

June  28 

169 

July 

3 

121 

June  26 

307 

July 

15 

350 

264 

July 

28 

264 

21 

310 

June  29 

208 

July 

4 

33 

June  26 

323 

July 

16 

320 

239 

July 

29 

243 

22 

293 

June  30 

174 

July 

5 

79 

June  27 

318 

July 

17 

291 

231 

July 

30 

215 

23 

200 

July     1 

126 

July 

6 

30 

June  28 

269 

July 

18 

263 

179 

July 

31 

210 

24 

144 

July     2 

126 

July 

7 

77 

June  29 

255 

July 

19 

190 

158 

Aug. 

1 

187 

Av 

276 
192 

157 

79 

290 

299 

220 

238 

July     4 

July 

9 

July     1 

July 

21 

Aug. 

3 

July  26 

85 

134 

324 

159 

179 

332 

27 

199 

JiUy     5 

105 

July 

10 

180 

July     2 

288 

July 

22 

158 

186 

Aug. 

4 

301 

28 

217 

July     G 

99 

July 

11 

200 

July     3 

264 

July 

23 

119 

180 

Aug. 

5 

303 

29 

205 

July     7 

109 

July 

12 

188 

July     4 

166 

JiUy 

24 

96 

153 

Aug. 

6 

261 

30 

193 

July     8 

73 

July 

13 

153 

July     6 

223 

July 

25 

92 

147 

Aug. 

7 

197 

31 

155 

July     9 

80 

July 

14 

169 
171 

July     6 

177 
240 

July 

26 

131 

142 

Aug. 

8 

135 

Av 

194 

92 

126 

m 

265 

July   11 

July 

16 

July     8 

July 

28 

Aug. 

10 

Aug.    2 

23,') 

134 

212 

126 

253 

192 

134 

3 

268 

July   12 

162 

July 

17 

214 

July     9 

140 

July 

29 

235 

202 

Aug. 

11 

94 

4 

237 

July   13 

131 

July 

18 

218 

July    10 

122 

July 

30 

224 

186 

Aug. 

12 

101 

5 

180 

July   14 

67 

July 

19 

178 

July    11 

109 

July 

31 

193 

145 

Aug. 

13 

98 

6 

140 

July   15 

68 

July 

20 

160 

July   12 

107 

Aug. 

1 

170 

127 

Aug. 

14 

130 

7 

108 

July   16 

62 

July 

21 

157 

July    13 

77 
114 

Aug. 

2 

146 

110 

Aug. 

16 

154 

Av 

195 

101 

190 

204 

161 

118 

July   18 

July 

23 

July   16 

Aug. 

4 

Aug. 

17 

Aug.    9 

196 

133 

368 

190 

154 

208 

199 

10 

193 

July   19 

163 

July 

24 

397 

July   16 

188 

Aug. 

6 

129 

214 

Aug. 

18 

168 

11 

m 

July   20 

241 

July 

25 

304 

July   17 

167 

Aug. 

6 

83 

191 

Aug. 

19 

162 

12 

123 

July   21 

233 

July 

26 

270 

July   18 

188 

Aug. 

/ 

74 

178 

Aug. 

20 

136 

13 

116 

July   22 

205 

July 

27 

269 

July   19 

166 

Aug. 

8 

61 

163 

Aug. 

21 

147 

14 

114 

July   23 

168 
190 

July 

28 

235 

July   20 

143 

Aug. 

9 

79 

148 

Aug. 

22 

117 

Av 

160 

307 

174 

96 

184 

155 

Aug.  16 

123 

July   25 

203 

July 

30 

212 

July  22 

146 

Aug. 

11 

119 

161 

Aug. 

24 

77 

17 

114 

July  26 

227 

July 

31 

182 

July   23 

120 

Aug. 

12 

115 

152 

Aug. 

25 

72 

18 

104 

July  27 

213 

Aug. 

1 

182 

July  24 

140 

Aug. 

13 

99 

148 

Aug. 

26 

69 

19 

M 

July  28 

184 

Aug. 

2 

137 

July  25 

114 

Aug. 

14 

100 

120 

Aug. 

27 

48 

20 

60 

July   29 

170 

Aug. 

3 

101 

July  26 

104 

Aug. 

15 

96 

106 

Aug. 

28 

43 

21 

70 

July  30 

223 

Aug. 

4 

98 

July   27 

94 

Aug. 

16 

117 

120 

Aug. 

29 

45 

Av 

89 

203 

152 

120 

108 

134 

59 
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Table  16. — Supply  of  watermelons  at  New  York  City,  daily,  1926-31 — Continued 


1926 

1927 

1928 

1929 

1930 

Aver- 
age 

1926- 
30, 

cars 

1931 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Aug.  23 
24 
25 

88 
100 
86 
74 
67 
44 

Aug.     1 
Aug.    2 
Aug.     3 
Aug.    4 
Aug.     5 
Aug.     6 

224 
205 
193 
128 
125 
116 

Aug.     6 
Aug.     7 
Aug.    8 
Aug.    9 
Aug.   10 
Aug.   11 

127 
169 
138 
134 
119 
120 

July  29 
July  30 
July  31 
Aug.     1 
Aug.    2 
Aug.    3 

107 
91 
82 
63 
71 
84 

Aug.   18 
Aug.   19 
Aug.   20 
Aug.   21 
Aug.   22 
Aug.   23 

138 
153 
138 
113 
70 
51 

137 
144 
127 
102 
90 
83 

Aug.  31 
Sept.    1 

62 

72 

26 

27 

28 

Av 

76 

165 

134 

83 

110 

78 
64 
62 
56 
55 

114 

97 
79 
81 

85 
82 
81 

67 

Aug.    8 
Aug.    9 
Aug.   10 
Aug.   11 
Aug.   12 
Aug.   13 

Aug.   13 
Aug.   14 
Aug.   15 
Aug.   16 
Aug.   17 
Aug.   18 

Aug.     5 
Aug.     6 
Aug.     7 
Aug.     8 
Aug.     9 
Aug.   10 

Aug.  25 
Aug.   26 
Aug.   27 
Aug.   28 
Aug.   29 
Aug.   30 

Aug.  30 
31 

43 
19 
21 

128 
112 
120 
103 
99 
101 

139 
106 
100 
90 
81 
59 

97 
93 
101 
91 
93 
84 

Sept.    1 

Av 

28 

110 

96 

93 

90 
102 
84 
62 
56 
53 

63 

78 

Aug.   15 
Aug.   16 
Aug.   17 
Aug.   18 
Aug.   19 
Aug.   20 

Aug.  20 
Aug.  21 
Aug.   22 
Aug.  23 
Aug.   24 
Aug.   25 

Aug.   12 
Aug.   13 
Aug.   14 
Aug.   15 
Aug.   16 
Aug.   17 

62 
64 
61 
61 
68 
49 

57 
53 
46 
37 
58 
65 

70 
73 
64 
53 
61 
56 

Av 

61 

53 

74 

63 

Aug.   19 
Aug.   20 
Aug.   21 
Aug.  22 
Aug.  23 
Aug.  24 

47 
46 
40 
29 
27 
24 

36 

Av 

Aug.  26 
Aug.   27 
Aug.   28 
Aug.   29 
Aug.  30 
Aug.  31 



42 
41 
34 
36 
32 
28 

Av 

36 

Table  17. — Supply  of  watermelons  at  12  markets,  daily  1926-81  ^ 
[Supply  (cars  on  track  at  8  a.m.)] 


1926 

1927 

1928 

1929 

1930 

Aver- 
age 
1926- 

1931 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

30,2 
cars 

Date 

Cars 

May  31 

27 

May    9 

18 

May  14 

8 

May    6 

12 

May  26 

1 

13 

June    8 

16 

June    I 

34 

May  10 

18 

May  15 

12 

May    7 

8 

May  27 

8 

16 

June    9 

28 

2 

37 

May  11 

28 

May  16 

11 

May    8 

11 

May  28 

13 

20 

June  10 

49 

3 

49 

May  12 

24 

May  17 

13 

May    9 

15 

May  29 

26 

25 

June  11 

51 

4 

41 

May  13 

21 

May  18 

12 

May  10 

36 

May  30 

3  26 

27 

June  12 

73 

5 

29 

May  14 

15 

May  19 

11 

May  11 

41 

May  31 

3  26 

24 

June  13 

85 

Av--. 

36 

21 

11 

21 

17 

21 

50 

May  16 

May  21 

May  13 

June    2 

June  15 

June    7 

49 

35 

22 

81 

52 

48 

211 

8 

68 

May  17 

37 

May  22 

24 

May  14 

80 

June    3 

61 

54 

June  16 

276 

9 

68 

May  18 

52 

May  23 

24 

May  15 

86 

June    4 

71 

60 

June  17 

273 

10 

124 

May  19 

31 

May  24 

30 

May  16 

100 

June    5 

82 

73 

June  18 

263 

11 

95 

May  20 

60 

May  25 

25 

May  17 

72 

June    6 

45 

59 

June  19 

260 

12 

82 

May  21 

72 

May  26 

27 

May  18 

56 

June    7 

53 

58 

June  20 

235 

Av 

81 

48 

25 

79 

61 

59 

253 

1  New  York  City,  Chicago,  Philadelphia,  Pittsburgh,  Baltimore,  Cleveland,  Boston,  Cincinnati,  Detroit, 
Washington,  Kansas  City,  and  St.  Louis. 

2  Average  for  years  shown. 

3  No  report,  number  of  cars  interpolated, 
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Table  17. — Supply  of  watermelons  at   12  markets^  daily  1926-31  — Continued 


1926 

1927 

1928 

1929 

1930 

Aver- 
age 
1926- 

1931 

Date 

Can 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

30, 
cars 

Date 

Cars 

June  14 

162 

May  23 

72 

May  28 

42 

May  20 

123 

June 

9 

106 

101 

June 

22 

347 

15 

196 

May  24 

162 

May 

29 

70 

May  21 

140 

June 

10 

153 

144 

June 

23 

463 

16 

201 

May  25 

205 

May  30 

87 

May  22 

184 

June 

11 

201 

176 

June 

24 

578 

17 

208 

May  26 

198 

May  31 

108 

May  23 

201 

June 

12 

205 

184 

June 

25 

480 

18 

173 

May  27 

160 

June 

1 

113 

May  24 

207 

June 

13 

201 

171 

June 

26 

586 

19 

143 

May  28 

122 

June 

2 

114 

May  25 

200 

181 

June 

14 

213 

158 

June 

27 

651 

Av 

181 

153 

89 

180 

156 

618 

May  30 

June 

4 

May  27 

June 

16 

June 

29 

June  21 

331 

122 

278 

253 

297 

256 

1,257 

22 

318 

May  31 

245 

June 

5 

337 

May  28 

221 

June 

17 

253 

275 

June 

30 

1,108 

23 

487 

June    1 

209 

June 

6 

249 

May  29 

218 

June 

18 

256 

286 

July 

1 

1,110 

24 

432 

June    2 

185 

June 

7 

362 

May  30 

218 

June 

19 

262 

292 

July 

2 

750 

25 

385 

June    3 

128 

June 

8 

269 

May  31 

213 

June 

20 

190 

237 

Julv 

3 

687 

26 

358 

June    4 

95 

June 

9 

192 

June    1 

142 

June 

21 

180 

193 

July 

4 

687 

Av- 

385 

164 

281 

211 

240 

256 

933 

June    6 

June 

11 

June    3 

June 

23 

Julv 

6 

June  28 

358 

155 

334 

339 

304 

298 

1,177 

29 

606 

June    7 

240 

June 

12 

349 

June    4 

429 

June 

24 

372 

399 

July 

7 

1,227 

30 

617 

June    8 

279 

June 

13 

367 

June     5 

530 

June 

25 

384 

435 

Julv 

8 

1,180 

July     1 

524 

June    9 

236 

June 

14 

365 

June     6 

582 

June 

26 

431 

428 

Julv 

9 

1,019 

2 

384 

June  10 

183 

June 

15 

317 

June     7 

559 

June 

27 

348 

358 

July 

10 

964 

3 

453 

June  11 

235 

June 

16 

292 

June    8 

559 

June 

28 

739 

456 

July 

11 

997 

Av. 

490 

221 

337 

500 

430 

396 

1,094 

June  13 

June 

18 

June  10 

June 

30 

July 

13 

July     5 

673 

416 

349 

804 

1,347 

718 

1,,309 

6 

939 

June  14 

600 

June 

19 

434 

June  11 

802 

July 

1 

1,608 

877 

Julv 

14 

1,149 

7 

1,071 

June  15 

502 

June 

20 

424 

June  12 

836 

July 

2 

1,773 

921 

Julv 

15 

1,096 

8 

1,044 

June  16 

610 

June 

21 

474 

June  13 

790 

July 

3 

1,431 

870 

July 

16 

820 

9 

935 

June  17 

46,5 

June 

22 

390 

June  14 

691 

July 

4 

J  1,431 

782 

Julv 

17 

m4 

10 

984 

June  18 

466 

June 

23 

348 

June  15 
June  17 

591 
752 

July 

5 

31,431 

764 

July 

18 

616 

Av 

941 

510 

403 

1,504 

822 

939 

June  20 

June 

25 

July 

7 

Julv 

20 

July    12 

1,429 

574 

508 

716 

1,368 

919 

907 

13 

1,424 

June  21 

554 

June 

26 

574 

June  18 

760 

July 

8 

1,291 

921 

July 

21 

493 

14 

1,152 

June  22 

593 

June 

27 

574 

June  19 

698 

July 

9 

1,331 

870 

July 

22 

884 

15 

956 

June  23 

398 

June 

28 

394 

June  20 

585 

July 

10 

1,141 

695 

July 

23 

761 

16 

803 

June  24 

411 

June 

29 

236 

June  21 

503 

July 

11 

1,138 

618 

July 

24 

889 

17 

803 

June  25 

355 

June 

30 

281 
428 

June  22 

601 

July 

12 

1,100 

628 

July 

25 

1,170 

Av. 

1,094 

481 

644 

1,228 

775 
963 

851 

June  27 

July 

2 

June  24 

July 

14 

July 

27 

July   19 

980 

355 

660 

1,021 

1,799 

1,707 

20 

909 

June  28 

579 

July 

3 

754 

June  25 

1,376 

July 

15 

1,362 

996 

Julv 

28 

1.560 

21 

925 

June  29 

508 

July 

4 

854 

June  26 

1,467 

July 

16 

1,531 

1,057 

Julv 

29 

1,304 

22 

1,097 

June  30 

444 

July 

5 

726 

June  27 

1,469 

July 

17 

1,156 

978 

July 

30 

1,064 

23 

1,073 

July     1 

404 

July 

6 

679 

June  28 

1,262 

July 

18 

997 

883 

July 

31 

839 

24 

883 

July     2 

307 
433 

July 

7 

703 

June  29 

1,212 

July 

19 

789 

779 

Aug. 

1 

771 

Av 

978 

730 

1,301 

1,272 

943 

1,206 

July     4 

July 

9 

July     1 

July 

21 

Aug. 

3 

July   26 

1.246 

472 

1,081 

1,496 

900 

1,039 

1,275 

27 

1,149 

July    5 

571 

July 

10 

1,144 

July     2 

1,294 

July 

22 

813 

994 

Aug. 

"4 

1,126 

28 

1,045 

July     6 

469 

July 

11 

1,166 

July     3 

1,127 

July 

2;s 

650 

891 

Aug. 

6 

1,044 

29 

984 

July     7 

333 

July 

12 

780 

July    4 

1,127 

July 

24 

556 

756 

Aug. 

6 

873 

30 

984 

July     8 

243 

July 

13 

816 

July    5 

1,111 

July 

25 

499 

731 

Aug. 

7 

876 

31 

575 

July     9 

292 

July 

14 

752 

July    6 

860 

July 

26 

687 

633 

Aug. 

8 

888 

Av.. 

997 

397 
593 

956 

1,169 

684 

840 

1,014 

July   11 

July 

16 

July     8 

July 

28 

Aug. 

10 

Aug.     2 

857 

1.396 

889 

1,155 

978 

1,129 

3 

794 

July   12 

638 

July 

17 

1,336 

July     9 

809 

Julv 

29 

1,132 

942 

Aug. 

11 

978 

4 

664 

July    13 

759 

July 

18 

1,300 

July   10 

702 

July 

30 

974 

880 

Aug. 

12 

918 

5 

534 

July    14 

683 

July 

19 

1,053 

July   11 

666 

July 

31 

1.138 

816 

Aug. 

13 

854 

6 

443 

July    15 

674 

July 

20 

875 

July   12 

516 

Aug. 

1 

911 

683 

Aug. 

14 

912 

7 

451 

July    16 

691 

July 

21 

758 

July   13 

438 

Aug. 

2 

853 

638 

Aug. 

15 

893 

Av- 

624 
642 

673 

1,120 

670 

1.027 

822 

947 

July   18 

July 

23 

July   15 

Aug. 

4 

Aug. 

17 

Aug.    9 

1,OT7 

1,036 

785 

1,166 

933 

982 

10 

637 

July   19 

957 

July 

24 

1,008 

July   16 

580 

Aug. 

6 

1,035 

843 

Aug. 

18 

813 

11 

627 

July   20 

887 

July 

25 

840 

July   17 

838 

Aug. 

6 

768 

772 

Aug. 

19 

690 

12 

412 

July  21 

679 

July 

28 

764 

July   18 

661 

Aug. 

7 

617 

627 

Aug. 

20 

591 

13 

426 

July  22 

557 

July 

27 

634 

July   19 

679 

Aug. 

8 

570 

553 

Aug. 

21 

5:i2 

14 

426 
512 

July  23 

635 

July 

28 

647 

July  20 

664 

Aug. 

9 

652 

665 

Aug. 

22 

479 

Av.... 

792 

805 

668 

801 

716 

681 

1  No  report,  number  of  cars  interpolated. 
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Table 

17.- 

-Supply 

of  watermelons   at   12   markets,   daily 

1926-31- 

—Continued 

1926 

1927 

1928 

1929 

1930 

Aver- 
age 

1926- 
30, 

cars 

1931 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Date 

Cars 

Aug.  16 
17 
18 
19 
20 
21 

685 
688 
604 
511 
462 
345 

July   25 
July   26 
July   27 
July   28 
July   29 
July  30 

780 
782 
686 
600 
576 
573 

July   30 
July   31 
Aug.     1 
Aug.     2 
Aug.     3 
Aug.    4 

654 
739 
662 
510 

477 
472 

July   22 
July   23 
July   24 
July   25 
July   26 
July   27 

826 
706 
721 

485 
479 

Aug.  11 
Aug.  12 
Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 

1,023 
962 
966 
911 
812 
771 

794 
775 
728 
626 
562 
528 

■ 
Aug.  24 
Aug.  25 
Aug.  26 
Aug.  27 
Aug.  28 
Aug.  29 

579 
459 
395 
346 
386 
349 

Av 

549 

666 

586 

636 

908 

669 

419 

Aug.     1 
Aug.     2 
Aug.     3 
Aug.     4 
Aug.     5 
Aug.    6 

Aug.     6 
Aug.     7 
Aug.    8 
Aug.     9 
Aug.  10 
Aug.  11 

July   29 
July   30 
July   31 
Aug.     1 
Aug.     2 
Aug.    3 

Aug.  31 
Sept.    1 

Aug    23 

437 

375 

308 

'308 

3  308 

8  308 

732 
636 
489 
396 
312 
281 

704 
559 
520 
414 
388 
397 

481 
449 
390 
254 
330 
417 

588 
505 
427 
343 
334 
351 

352 

24 

336 

25 

26 

27 

28 

Av 

341 

475 

497 

387 

425 

344 

Aug.    8 
Aug.    9 
Aug.  10 
Aug.  11 
Aug.  12 
Aug.  13 

Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 

Aug.     5 
Aug.     6 
Aug.     7 
Aug.     8 
Aug.     9 
Aug.  10 

285 
260 
192 
192 
195 
203 

392 
297 
310 
265 
351 
3  351 

723 
854 
745 
704 
666 
626 

466 
470 
416 
387 
404 
393 

Av 

221 

328 

720 

423 

Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 
Aug.  19 
Aug.  20 

Aug.  12 
Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  17 

260 
187 
167 
123 
3  123 
3  123 

616 
521 
450 
402 
379 
401 

438 
354 
308 
262 
251 
262 

Av 

164 

462 

313 

Aug.  19 
Aug.  20 
Aug.  21 
Aug.  22 
Aug.  23 
Aug.  24 

391 
341 
297 
240 
216 
205 

282 



Av 

3  No  report,  number  of  cars  interpolated. 

The  prices  quoted  in  table  18  are  for  26-pound  Tom  Watson  water- 
melons. The  prices  quoted  for  the  New  York  City  market  include 
auction  and  private  carload  sales,  and  l.c.l.  (less  than  car  lot)  sales 
by  receivers  in  large  quantities.  Prices  were  estimated  for  those  days 
in  which  26-pound  stock  did  not  appear  in  the  sales  reported.  A  large 
proportion  of  the  sales  by  receivers  of  watermelons  on  the  New  York 
City  market  is  made  in  carloads  through  both  auction  and  private 
sales. 

The  12  markets  included  in  tables  17  and  19  are  New  York  City, 
Chicago,  Philadelphia,  Pittsburgh,  Baltimore,  and  Cleveland  which 
report  prices  on  carloads;  Boston,  Cincinnati,  Detroit,  and  Washing- 
ton which  report  price  per  melon;  and  Kansas  City  and  St.  Louis 
which  report  price  per  hundredweight.  Carload  prices  for  those 
markets  that  quote  on  l.c.l.  basis  were  computed  on  800  melons  per 
car  in  all  cases.  Prices  on  all  weights  of  Tom  Watson  watermelons 
that  appeared  in  the  Market  News  Service  reports  from  the  12 
markets  each  day  were  included  in  the  average  daily  prices.  Prices 
were  not  weighted.  The  prices  used  represented  both  auction  and 
private  carload  sales  and  l.c.l.  sales  in  large  lots.  All  prices  are 
rounded  to  the  nearest  $5, 
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The  early-season  sales  are  usually  made  at  comparatively  high 
prices.  The  average  price  per  car  of  26-pound  Tom  Watson  melons 
was  $1,440  for  sales  made  on  the  first  days  of  the  5  years  averaged  in 
table  18,  and  an  average  price  of  $1,110  was  maintained  for  the  first 
week.  The  lowest  prices  for  the  period  1926-30  were  received  for  the 
1929  crop.  The  1931  prices  for  the  first  week  of  the  season  were  the 
lowest  shown  for  the  period  1926-31;  following  the  higher  price  level 
of  the  first  week  of  each  of  the  six  seasons  there  is  a  general  decline 
during  the  remaining  weeks  of  the  season. 

Table  18. — Average  price  per  car  of  26-pound  average  weight  Tom  Watson 
watermelons  at  New  York  City,  daily,  1926-Sl 


Aver- 

1926 

1927 

1928 

1929 

1930 

age 

1926- 

30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

May  31 

1,600 

May    9 

1,440 

May  14 

1,650 

May    6 

825 

May 

26 

1,680 

1,440 

June 

8 

830 

June    1 

1,520 

May  10 

1,200 

May  15 

1,500 

May    7 

800 

May 

27 

1,680 

1,340 

June 

9 

830 

2 

1,480 

May  11 

1,100 

May  16 

1,250 

May    8 

775 

May 

28 

966 

1,116 

June 

lU 

800 

3 

1,400 

May  12 

1,000 

May  17 

1,060 

May    9 

925 

May 

29 

960 

1,070 

June 

11 

700 

4 

895 

May  13 

960 

May  18 

965 

May  10 

550 

May 

30 

916 

866 

June 

12 

485 

5 

905 

May  14 

920 

May  19 

920 

May  11 

625 

May  31 

890 

830 

June 

13 

510 

Av 

1,300 

1,105 

1,225 

735 

1,180 

1,110 

690 

May  16 

May  21 

May  13 

June 

2 

June 

16 

June    7 

800 

875 

875 

605 

870 

786 

.   430 

8 

800 

May  17 

720 

May  22 

840 

May  14 

610 

June 

3 

820 

760 

June 

16 

435 

9 

835 

May  18 

720 

May  23 

800 

May  15 

625 

June 

4 

780 

730 

June 

17 

400 

10 

820 

May  19 

700 

May  24 

800 

May  16 

440 

June 

5 

840 

720 

June 

18 

420 

11 

800 

May  20 

720 

May  25 

800 

May  17 

540 

June 

6 

865 

745 

June 

19 

470 

12 

850 

May  21 

700 

May  26 

800 

May  18 

565 

June 

7 

805 

746 

June 

20 

460 

Av 

820 

740 

820 

630 

830 

750 

-.435 



May  23 

May  28 

May  20 

June 

9 

June 

22 

June  14 

650 

700 

650 

490 

760 

650 

486 

15 

725 

May  24 

700 

May  29 

650 

May  21 

520 

June 

10 

776 

675 

June 

23 

485 

16 

650 

May  25 

705 

May  30 

650 

May  22 

655 

June 

11 

666 

645 

June 

24 

460 

17 

600 

May  26 

650 

May  31 

700 

May  23 

490 

June 

12 

646 

615 

June 

26 

445 

18 

590 

May  27 

m 

June    1 

800 

May  24 

430 

June 

13 

590 

690 

June 

26 

445 

19 

550 

May  28 

485 

June    2 

800 

May  25 

466 

June 

14 

536 

665 

June 

27 

310 

Av 

630 

630 

710 

490 

660 

626 

436 

May  30 

June    4 

May  27 

June 

16 

June 

29 

June  21 

500 

460 

705 

600 

480 

630 

310 

22 

425 

May  31 

435 

June    5 

475 

May  28 

600 

June 

17 

630 

475 

June 

30 

390 

23 

435 

June    1 

495 

June    6 

470 

May  29 

636 

June 

18 

680 

605 

July 

1 

366 

24 

435 

June    2 

515 

June    7 

485 

May  30 

650 

June 

19 

696 

615 

July 

2 

340 

26 

480 

June    3 

525 

June    8 

330 

May  31 

670 

June 

20 

665 

495 

July 

3 

350 

28 

470 

June    4 

520 

June    9 

350 

June     1 

610 

June 

21 

690 

510 

July 

4 

350 

Av. 

460 

490 

470 

646 

556 

605 

3.V) 

June    6- 

June  11 



June    3 

June 

23 

July 

6 

June  28 

365 

460 

300 

510 

625 

460 

335 

29 

310 

June    7 

455 

June  12 

295 

June    4 

606 

June 

24 

635 

420 

July 

7 

310 

30 

210 

June    8 

515 

June  13 

365 

June    5 

496 

June 

26 

565 

430 

July 

8 

310 

July     1 

275 

June    9 

490 

June  14 

435 

June    6 

460 

June 

26 

605 

430 

July 

9 

350 

2 

300 

June  10 

600 

June  15 

445 

June    7 

430 

June 

27 

506 

465 

July 

10 

315 

3 

350 

June  11 

710 

June  16 

445 

June    8 

416 

June 

28 

305 

446 

July 

11 

315 

Av 

300 

540 

380 

470 

606 

440 

3?n 

June  13 

June  18 

June  10 

June 

30 

July 

13 

July    6 

350 

685 

555 

400 

225 

445 

285 

6 

350 

June  14 

7a') 

June  19 

505 

June  11 

430 

July 

1 

226 

446 

July 

14 

235 

7 

410 

June  15 

600 

June  20 

390 

June  12 

375 

July 

2 

175 

390 

July 

15 

315 

8 

425 

June  16 

600 

June  21 

430 

June  13 

390 

July 

3 

175 

405 

July 

16 

315 

9 

385 

June  17 

645 

June  22 

400 

June  14 

380 

July 

4 

250 

410 

July 

17 

315 

10 

400 

June  18 

400 

June  23 

430 

June  16 

430 

July 

5 

300 

390 

July 

18 

296 

Av 

385 

605 

450 

400 

226 

416 

?95 

= 
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Table  18. — Average  price  per  car  of  26-pound  average  weight  Tom  Watson 
watermelons  at  New  York  City,  daily,  1926-31 — Continued 


Aver- 

1926 

1927 

1928 

1929 

1930 

1926- 
30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

July  12 

325 

June 

20 

335 

June 

25 

465 

June 

17 

436 

July  7 

380 

390 

July 

20 

275 

13 

275 

June 

21 

325 

June 

26 

625 

June 

18 

460 

July  8 

300 

375 

July 

21 

295 

14 

225 

June 

22 

370 

June 

27 

476 

June 

19 

485 

July  9 

276 

366 

July 

22 

270 

15 

200 

June 

23 

415 

June 

28 

480 

June 

20 

485 

July  10 

250 

366 

July 

23 

23,') 

16 

200 

June 

24 

395 

June 

29 

530 

June 

21 

460 

July  11 

290 

375 

July 

24 

215 

17 

165 

June 

25 

415 

June 

30 

585 

June 

22 

410 

July  12 

260 

366 

July 

25 

215 

Av 

235 

375 

510 

465 

290 

375 

260 

June 

27 

July 

2 

June 

24 

July  14 

July 

27 

July  19 

125 

485 

420 

345 

206 

316 

190 

20 

175 

June 

28 

425 

July 

3 

475 

June 

25 

340 

July  15 

205 

325 

July 

28 

200 

21 

175 

June 

29 

385 

July 

4 

475 

June 

26 

290 

July  16 

220 

310 

July 

29 

205 

22 

200 

June 

30 

350 

July 

5 

535 

June 

27 

310 

July  17 

185 

315 

July 

30 

206 

23 

225 

July 

1 

395 

July 

6 

595 

June 

28 

305 

July  18 

225 

350 

July 

31 

200 

24 

225 

July 

2 

305 

July 

7 

485 

June 

29 

295 

July  19 

250 

310 

Aug. 

1 

200 

Av 

190 

390 

500 

316 

215 

320 

200 

July 

4 

July 

9 

July 

1 

July  21 

Aug. 

3 

July  26 

250 

330 

400 

255 

280 

305 

170 

27 

225 

July 

5 

355 

July 

10 

330 

July 

2 

230 

July  22 

290 

286 

Aug. 

4 

170 

28 

225 

July 

6 

445 

July 

11 

335 

July 

3 

165 

July  23 

315 

296 

Aug. 

6 

160 

29 

235 

July 

7 

395 

July 

12 

400 

July 

4 

180 

July  24 

315 

305 

Aug. 

6 

130 

30 

200 

July 

8 

400 

July 

13 

320 

July 

6 

200 

July  26 

390 

300 

Aug. 

7 

130 

31 

175 

July 

9 

325 

July 

14 

305 

July 

6 

260 

July  26 

280 

270 

Aug. 

8 

160 

Av 

220 

375 

360 

215 

310 

296 

150 

July 

11 

July 

16 

July 

8 

July  28 

Aug. 

10 

Aug.  2 

125 

385 

290 

290 

295 

275 

180 

3 

125 

July 

12 

390 

July 

17 

296 

July 

9 

320 

July  29 

280 

280 

Aug. 

11 

176 

4 

150 

July 

13 

4(X) 

July 

18 

296 

July 

10 

380 

July  30 

275 

3(X) 

Aug. 

12 

200 

6 

215 

July 

14 

435 

July 

19 

300 

July 

11 

416 

July  31 

265 

325 

Aug. 

13 

215 

6 

225 

July 

16 

440 

July 

20 

285 

July 

12 

410 

Aug.  1 

285 

330 

Aug. 

14 

145 

7 

165 

July 

16 

440 

July 

21 

250 

July 

13 

410 

Aug.  2 

285 

310 

Aug. 

15 

145 

Av 

170 

415 

285 

370 

280 

305 

175 

July 

18 

July 

23 

July 

15 

Aug.  4 

Aug. 

17 

Aug.  9 

175 

395 

196 

360 

285 

280 

130 

10 

235 

July 

19 

355 

July 

24 

146 

July 

16 

360 

Aug.  6 

300 

275 

Aug. 

18 

136 

11 

215 

July 

20 

320 

July 

25 

206 

July 

17 

340 

Aug.  6 

295 

275 

Aug. 

19 

135 

12 

225 

July 

21 

285 

July 

26 

200 

July 

18 

345 

Aug.  7 

325 

275 

Aug. 

20 

1.50 

13 

235 

July 

22 

270 

July 

27 

186 

July 

19 

365 

Aug.  8 

350 

280 

Aug. 

21 

130 

14 

215 

July 

23 

250 

July 

28 

200 

July 

20 

325 
345 

Aug.  9 

310 

260 

Aug. 

22 

130 

Av.  - 

215 

310 

190 

310 

276 

135 

July 

25 

July 

30 

July 

22 

Aug.  11 

Aug. 

24 

Aug.  16 

250 

230 

216 

296 

300 

260 

170 

17 

215 

July 

26 

240 

July 

31 

245 

July 

23 

390 

Aug.  12 

280 

275 

Aug. 

25 

170 

18 

225 

Jnlv 

27 

240 

Aug. 

1 

200 

July 

24 

310 

Aug.  13 

285 

2,V) 

19 

225 

July 

28 

240 

Aug. 

2 

240 

July 

26 

300 

Aug.  14 

265 

266 

20 

225 
205 

July 
July 

29 
30 

230 
255 

Aug. 
Aug. 

3 

4 

300 
335 

July 
July 

26 
27 

320 
366 

Aug.  16 
Aug.  16 

245 
235 

265 
276 

21 

Av. 

225 

240 

256 

330 

270 

265 

170 

Aug. 

1 

Aug. 
Aug. 
Aug. 

fi 

July 

W 

Aug.  18 

Aug.  23 

190 

245 

280 

410 

225 

270 

24 

190 

Aug. 
Aug. 

? 

260 

7 

220 

July 
July 

30 

350 

Aug.  19 
Aug.  20 

190 

240 

25 

195 

3 

240 

8 

250 

31 

340 

210 

246 

26 

185 

Aug. 

4 

265 

Aug. 

9 

266 

1 

400 

Aug.  21 

235 

270 

27 

150 

5 

275 

Aug. 
Aug. 

in 

236 

Aug. 
Aug. 

? 

410 

Aug.  22 
Aug.  23 

245 

266 

28 

200 
185 

Aug. 

6 

280 

11 

230 

3 

370 

250 

265 

Av 

260 

245 

380 

226 

260 

Aug. 

s 

Aug. 

13 

5 

Aug.  25 

Aug.  30 

265 

285 

230 

335 

260 

275 

31 

225 

Aug. 

9 

260 

Aug. 

14 

280 

Aug. 

6 

310 

Aug.  26 

270 

270 

Sept.  1 

225 

Aug. 
Aug. 

10 

300 

Aug. 
Aug. 
Aug. 
Aug. 

^'^ 

265 

Aug. 
Aug. 
Aug. 
Aug. 

7 

310 

Aug.  27 
Aug.  28 
Aug.  29 

240 

270 

11 

325 

16 

266 

8 

310 

265 

290 

Aug. 
Aug. 

P 

320 

17 

290 

q 

250 

265 

280 

13 

325 

18 

260 

10 

256 

280 

Av.... 

240 

300 

265 

295 

260 

270 
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Table  18. — Average  price  per  car  of  26-pound  average  weight  Tom  Watson 
watermelons  at  New  York  City,  daily,  1926-31 — Continued 


1926 

1927 

1928 

1929 

1930 

Aver- 
age 

1926- 
30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 
Aug.  19 
Aug.  20 

330 
310 
230 
220 
210 
215 

Aug.  20 
Aug.  21 
Aug.  22 
Aug.  23 
Aug.  24 
Aug.  25 

260 
300 
300 
335 
285 
250 

Aug.  12 
Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  17 

265 
200 
185 
275 
290 
300 

285 
270 
240 
276 
260 
266 

Av 

255 

290 

250 

265 

Aug.  19 
Aug.  20 
Aug.  21 
Aug.  22 
Aug.  23 
Aug.  24 

315 
310 
310 
330 
350 
310 

■ 

Av.... 

320 

Aug.  26 
Aug.  27 
Aug.  28 
Aug.  29 
Aug.  30 
Aug.  31 

270 
250 
250 
250 
200 
200 



Av 

235 

Table  19. — Average  price  per  car  of  all  weights  of  Tom  Watson  watermelons  at  12 

markets,^  daily,  1926-31 


Aver- 

1926 

1927 

1928 

1929 

193C 

age  a 

1926- 

30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lar. 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

May  31 

1,055 

May    9 

880 

May 

14 

950 

May 

6 

800 

May  26 

1,400 

1,015 

June    8 

926 

June    1 

915 

May  10 

860 

May 

15 

850 

May 

7 

980 

May  27 

1,185 

960 

June    9 

920 

2 

885 

May  11 

875 

May 

16 

1,005 

Mav 

8 

950 

May  28 

1,086 

960 

June  10 

795 

3 

1,005 

May  12 

885 

May 

17 

795 

Mav 

9 

810 

May  29 

1,005 

900 

June  11 

740 

4 

820 

May  13 

725 

Mav 

18 

880 

May 

10 

620 

May  30 

31,005 

810 

June  12 

645 

6 

810 

May  14 

676 

May 

19 

875 

May 

11 

700 

May  31 

31,005 

816 

June  13 

660 

Av.... 

915 

816 

890 

810 

1,115 

910 

780 

May  16 

May 

21 

May 

13 

June    2 

June  15 

June    7 

775 

766 

895 

610 

840 

775 

570 

8 

745 

May  17 

696 

May 

22 

850 

May 

14 

680 

June    3 

786 

750 

Jvme  16 

520 

9 

745 

May  18 

726 

May 

23 

850 

May 

15 

600 

June    4 

730 

730 

June  17 

476 

10 

740 

May   19 

716 

May 

24 

870 

May 

16 

620 

June    5 

780 

745 

June  18 

460 

11 

665 

May  20 

710 

Mav 

25 

730 

May 

17 

630 

June    6 

786 

705 

June  19 

470 

12 

665 

May  21 

680 

May 

26 

645 

May 

18 

625 

June    7 

886 

700 

June  20 

480 

Av.... 

720 

716 

805 

630 

800 

736 
675 

495 

May  23 

May 

28 

Mav 

20 

June    9 

June  22 

June  14 

670 

680 

630 

615 

780 

48,') 

15 

610 

May  24 

670 

Mav 

29 

690 

May 

21 

630 

June  10 

735 

645 

June  23 

4.50 

16 

680 

May  26 

696 

Mav 

30 

530 

May 

22 

570 

June  11 

720 

600 

June  24 

436 

17 

520 

May  26 

666 

Mav 

31 

630 

May 

23 

590 

June  12 

666 

676 

June  25 

446 

18 

630 

May  27 

505 

June 

1 

636 

May 

24 

660 

June  13 

665 

656 

June  26 

460 

19 

645 

May  28 

520 

June 

2 

460 

May 

25 

630 

June  14 

675 

545 

June  27 

420 

Av 

576 

690 

646 

586 

706 

600 

446 

«  New  York  City,  Chicago,  Philadelphia,  Pittsburgh,  Baltimore,  Cleveland,  Boston,  Cincinnati,  De- 
troit, Washington,  Kansas  City,  and  St.  Louis. 
»  Average  for  years  shown.  » 

»  No  report,  price  interpolated. 
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Table  19. — Average  price  per  car  of  all  weights  of  Tom  Watson  watermelons  at  12 
markets,  daily,  1926-31 — Continued 


Aver- 

1926 

1927 

1928 

1929 

1930 

age  2 

1926- 

30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

June  21 

480 

May 

30 

520 

June 

4 

420 

May 

27 

556 

June  16 

620 

620 

June  29 

410 

22 

455 

May 

31 

495 

June 

5 

460 

May 

28 

660 

June  17 

645 

526 

June  30 

415 

23 

430 

June 

1 

M5 

June 

6 

440 

May 

29 

595 

June  18 

630 

530 

July     1 

390 

24 

440 

June 

2 

525 

June 

7 

440 

May 

30 

595 

June  19 

625 

525 

July     2 

425 

25 

445 

June 

3 

585 

June 

8 

465 

May 

31 

640 

June  20 

710 

570 

July     3 

390 

26 

450 

June 

4 

610 

June 

9 

470 

June 

1 

600 

June  21 

660 

660 

July     4 

390 

Av 

450 

545 

450 

590 

650 

635 

406 

June 

6 

June 

11 

June 

3 

June  23 

July     6 

June  28 

450 

615 

625 

670 

620 

655 

380 

29 

400 

June 

7 

575 

June 

12 

600 

June 

4 

530 

June  24 

685 

520 

July     7 

375 

30 

400 

June 

8 

530 

June 

13 

480 

June 

6 

520 

June  25 

550 

495 

July     8 

330 

July     1 

405 

June 

9 

580 

June 

14 

480 

June 

6 

505 

June  26 

646 

606 

July     9 

336 

2 

445 

June 

10 

550 

June 

15 

500 

June 

7 

450 

June  27 

600 

490 

July   10 

356 

3 

410 

June 

11 

510 

June 

16 

505 

June 

8 

450 

June  28 

415 

460 

July    11 

340 

Av 

420 

560 

500 

605 

535 

505 

350 

June 

13 

June 

18 

June 

10 

June  30 

July   13 

July     5 

365 

510 

625 

420 

370 

440 

325 

6 

325 

June 

14 

400 

June 

19 

500 

June 

11 

430 

July     1 

330 

395 

July    14 

320 

7 

330 

June 

15 

410 

June 

20 

490 

June 

12 

435 

July     2 

290 

390 

July   15 

346 

8 

285 

June 

16 

450 

June 

21 

485 

June 

13 

430 

July     3 

330 

396 

July   16 

340 

9 

295 

June 

17 

425 

June 

22 

560 

June 

14 

405 

July     4 

3  330 

406 

July   17 

366 

10 

270 

June 

18 

450 

June 

23 

636 

June 

16 

440 

July     5 

3  330 

405 

July   18 

340 

Av 

310 

440 

615 

425 

330 

406 

335 

June 

20 

June 

25 

June 

17 

July     7 

July   20 

July   12 

2.W 

455 

455 

445 

360 

395 

370 

13 

285 

June 

21 

445 

June 

26 

430 

June 

18 

460 

July     8 

330 

390 

July   21 

37C 

14 

275 

June 

22 

400 

June 

27 

430 

June 

19 

476     July     9 

326 

380 

July   22 

365 

15 

290 

June 

23 

415 

June 

28 

435 

June 

20 

490 

July   10 

325 

390 

July   23 

356 

16 

295 

June 

24 

430 

June 

29 

435 

June 

21 

465 

July   11 

330 

390 

July   24 

340 

17 

295 

June 

25 

430 

June 

30 

495 

June 

22 

465 

July   12 

360 

406 

July   25 

325 

Av 

280 

430 

445 

466 

335 

390 

355 

June 

27 

July 

2 

June 

24 

July   14 

July   27 

July   19 

315 

430 

455 

430 

306 

385 

305 

20 

285 

June 

28 

385 

July 

3 

445 

Jime 

25 

420 

July   15 

310 

370 

July   28 

285 

21 

280 

June 

29 

410 

July 

4 

410 

June 

26 

395 

July   16 

295 

360 

July   29 

270 

22 

275 

June 

30 

400 

July 

5 

405 

June 

27 

366 

July   17 

286 

345 

July   30 

260 

23 

255 

July 

1 

420 

July 

6 

370 

June 

28 

360 

July   18 

305 

340 

July   31 

285 

24 

235 

July 

2 

396 

July 

7 

345 

June 

29 

340 

July   19 

340 

335 

Aug.     1 

285 

Av 

275 

405 

405 

386 

305 

365 

280 

July 

4 

July 

9 

July 

1 

July  21 

Aug.     3 

July   26 

225 

420 

330 

340 

336 

330 

270 

27 

215 

July 

5 

396 

July 

10 

305 

July 

2 

340 

July  22 

360 

326 

Aug.     4 

265 

28 

215 

July 

6 

415 

Julv 

11 

290 

July 

3 

315 

July   23 

375 

320 

Aug.     5 

24C 

29 

235 

July 

7 

470 

July 

12 

270 

July 

4 

316 

July   24 

385 

335 

Aug.     6 

245 

30 

235 

July 

8 

540 

July 

13 

296 

July 

6 

340 

July   25 

390 

360 

Aug.     7 

260 

31 

245 

July 

9 

445 

July 

14 

265 

July 

6 

330 

July   26 

380 

336 

Aug.     8 

246 

Av 

230 

450 

290 

330 

370 

336 
340 

250 

July 

11 

July 

16 

Julv 

8 

July   28 

Aug.  10 

Aug.    2 

285 

436 

270 

365 

350 

~240 

3 

275 

July 

12 

405 

July 

17 

255 

July 

9 

385 

July   29 

360 

335 

Aug.  11 

260 

4 

285 

July 

13 

330 

Julv 

18 

280 

Julv 

10 

385 

July   30 

365 

330 

Aug.  12 

276 

5 

300 

July 

14 

360 

Julv 

19 

280 

Julv 

11 

400 

July   31 

385 

345 

Aug.  13 

265 

6 

320 

July 

15 

305 

July 

20 

280 

July 

12 

435 

Aug.     1 

380 

345 

Aug.  14 

235 

7 

295 
295 

July 

16 

315 

July 

21 

285 

July 

13 

405 
396 

Aug.    2 

410 

340 

Aug.  16 

246 

Av... 

360 

276 

376 

340 

260 

July 

18 

July 

23 

July 

15 

Aug.     4 

Aug.  17 

Aug.     9 

320 

265 

260 

395 

376 

326 

216 

10 

290 

July 

19 

275 

July 

24 

275 

Julv 

16 

450 

Aug.     5 

340 

326 

Aug.  18 

230 

11 

295 

July 

20 

266 

Julv 

25 

285 

Julv 

17 

•m 

Aug.     6 

360 

315 

Aug.  19 

215 

12 

325 

July 

21 

295 

July 

26 

300 

Julv 

18 

430 

Aug.     7 

390 

360 

Aug.  20 

206 

13 

315 

July 

22 

350 

July 

27 

300 

Julv 

19 

450 

Aug.    8 

345 

360 

Aug.  21 

246 

14 

315 

July 

23 

300 

July 

28 

320 
290 

July 

20 

435 
425 

Aug.     9 

355 

345 

Aug.  22 

206 

Av 

310 

290 

360 

335 

Tm 

*  Average  for  years  shown. 
8  No  report,  price  interpolated. 
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Table  19. — Average  price  per  car  of  all  weights  of  Tom  Watso7i  watermelons  at  12 
markets,  daily,  1926-31 — Continued 


1926 

1927 

1928 

1929 

1930 

Aver- 
30 

1931 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Date 

Dol- 
lars 

Dol- 
lars 

Date 

Dol- 
lars 

Aug.  16 
17 
18 
19 
20 
21 

260 
240 
235 
260 
215 
215 

July  25 
July  26 
July  27 
July  28 
July  29 
July  30 

316 
290 
270 
330 
310 
315 

July  30 
July  31 
Aug.  1 
Aug.  2 
Aug.  3 
Aug.  4 

315 
320 
335 
355 
375 
405 

July  22 
July  23 
July  24 
July  25 
July  26 
July  27 

460 
475 
410 
416 
600 
475 

Aug.  11 
Aug.  12 
Aug.  13 
Aug.  14 
Aug.  16 
Aug.  16 

370 
360 
316 
305 
365 
370 

345 
336 
315 
335 
356 
366 

Aug.  24 
Aug.  26 
Aug.  26 
Aug.  27 
Aug.  28 
Aug.  29 

255 
235 
206 
225 
230 
190 

Av 

240 

305 

350 

455 

350 

340 

225 

Aug.  1 
Aug.  2 
Aug.  3 
Aug.  4 
Aug.  5 
Aug.  6 

Aug.  6 
Aug.  7 
Aug.  8 
Aug.  9 
Aug.  10 
Aug.  11 

July  29 
July  30 
July  31 
Aug.  1 
Aug.  2 
Aug.  3 

Aug.  31 

Sept.  1 
Sept.  2 
Sept.  3 
Sept.  4 
Sept.  5 

Au,.g 

235 

170 

165 

»165 

M65 

U65 

340 
325 
340 
390 
375 
370 

355 
350 
375 
370 
355 
345 

480 
505 
466 
500 
530 
605 

'  360 
340 
336 
355 
355 
345 

265 

235 

25 

205 

26 

225 

27 

230 

28 

190 

Av 

180 

355 

360 

600 

350 

225 

Aug.  8 
Aug.  9 
Aug.  10 
Aug.  11 
Aug.  12 
Aug.  13 

Aug.  13 
Aug.  14 
Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 

Aug.  5 
Aug.  6 
Aug.  7 
Aug.  8 
Aug.  9 
Aug.  10 

Sept.  7 
Sept.  8 

415 
420 
390 
420 
395 
430 

365 
370 
320 
340 
345 
3  346 

495 
460 
400 
430 
390 
356 

425 
416 
370 
396 
376 
376 

200 

186 

Av  .. 

410 

350 

420 

395 

190 

Aug.  15 
Aug.  16 
Aug.  17 
Aug.  18 
Aug.  19 
Aug.  20 

Aug.  12 
Aug.  13 
Aug.  14 
Aug.  15 
.Aug.  16 
Aug.  17 

360 
355 
430 
315 
530 
»530 

395 
420 
345 
346 
370 
355 

380 
390 
390 
330 
450 
440 

Av 

420 

370 

395 

Aug.  19 
Aug.  20 
Aug.  21 
Aug.  22 
Aug.  23 
Aug.  24 

305 
300 
360 
355 
430 
386 

, 

Av  .. 

355 

*  Average  for  years  shown. 


No  report,  price  interpolated. 


The  highest  average  daily  prices  for  the  1926-31  period  were 
quoted  for  1927.  These  higher  prices  followed  the  lower  average 
prices  of  1926.  The  average  prices  of  1928  were  below  the  1927  level, 
and  still  lower  average  prices  were  quoted  through  1929.  These  two 
lower  average  price  years  were  followed  by  higher  average  prices  in 
1930,  but  during  1931  the  average  prices  went  below  the  lower  aver- 
age prices  of  1926. 

Florida  melons  brought  the  higher  prices  that  prevailed  during  the 
early  part  of  each  season.  A  decline  in  price  began  each  season  during 
the  shipping  period  of  Florida.  Those  decUnes  continued  until  near 
the  end  of  each  of  the  seasons  regardless  of  the  higher  or  lower  price 
level  that  was  maintained  for  any  single  year.  The  average  supply 
and  price  curves  for  these  five  seasons  are  shown  in  figure  1 1 . 

It  is  generally  expected  by  those  interested  in  marketing  perishable 
commodities  that  an  appreciable  increase  in  volume  of  supply  on  any 
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market  indicates  a  probable  decrease  in  price,  and,  likewise,  a  similar 
decrease  in  volume  of  supply  indicates  a  probable  increase  in  price. 
The  sale  records  of  watermelons  for  the  New  York  City  market, 
however,  do  not  show  that  the  changes  in  volume  of  supply  that 
occur  from  day  to  day  can  be  depended  upon  to  indicate  the  price  trend. 
On  the  eighteenth  day  shown  in  table  20  there  was  an  increase  of 
7  cars  in  supply  as  compared  with  the  previous  day's  supply  and  a 
decrease  in  price  of  $25  per  car.  On  the  twenty-seventh  day  the 
supply  increased  17  cars  and  the  price  increased  $10  per  car.  On  the 
thirty-first  day  the  supply  increased  49  cars  with  no  change  in  price. 
Similarity  in  price  and  supply  relations  will  be  found  in  this  table 
where  decreases  in  supply  occur.  On  the  fifth  day  of  the  season 
with  no  change  in  volume  of  supply  the  price  decreased  $215. 


Table  20. 


-Changes  in  supply  and  price  of  watermelons  at  New  York  daily, 
average  1926-30^ 


Supply 

Price 

per  car 

Day  of  seasOTi 

Supply 

Price  per  car 

Day  of  season 

De- 
crease 

In- 
crease 

De- 
crease 

In- 
crease 

De- 
crease 

In- 
crease 

De- 
crease 

In- 
crease 

1 

Cars 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 
4 
1 
5 
3 
7 
0 
0 
0 
0 
36 
0 
0 
0 
0 
5 
35 
8 
0 
0 
0 
9 
37 
0 
0 
0 
0 
68 
52 
11 
0 
0 
6 

Cars 
0 

1 

2 

1 

0 

0 

7 

0 

4 

1 

0 

0 

9 

4 

6 

9 

2 

7 

12 

0 

0 

0 

0 

0 

46 

8 

17 

2 

0 

15 

49 

5 

32 

0 

0 

0 

29 

15 

14 

0 

0 

25 

87 

13 

39 

0 

0 

0 

21 

7 

0 

Dollars 

0 

100 

225 

45 

215 

25 

45 

25 

30 

10 

0 

0 

95 

0 

30 

30 

25 

25 

35 

55 

0 

0 

20 

0 

60 

30 

0 

0 

0 

10 

0 

0 

55 

0 

0 

20 

0 

15 

10 

0 

0 

10 

50 

0 

15 

0 

0 

40 

5 

20 
0 

Dollars 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
0 
0 

25 
0 
0 
0 
0 
0 
0 

30 

10 
0 

15 
0 
0 

10 
0 

25 
0 
0 
0 
0 

15 
5 
0 
0 
0 
0 
0 

10 
0 
0 

10 
0 
5 

35 
0 
0 
0 

10 

52 

Cars 
27 
16 
5 
0 
0 
16 
41 
18 
17 
0 
0 
23 
13 
15 
15 
0 
9 
4 
28 
14 
0 
0 
0 
17 
25 
12 
7 

0 
0 
3 
1 

11 
0 
9 

11 
0 
5 
9 
1 
6 

11 
2 
3 
0 
1 
7 
0 
4 
4 

Cars 
0 
0 
0 

50 

10 
0 
0 
0 
0 

98 
6 
0 
0 
0 
0 

40 
0 
0 
0 
0 

14 

17 
7 
0 
0 
0 
0 

14 
0 
2 
4 
0 
0 
0 
3 
0 
0 
8 
0 
0 
0 
0 
0 
0 
0 

18 
0 
0 
2 
0 
0 

Dollars 
0 
5 

30 
0 
0 
0 
0 
0 

20 

30 
5 
0 
0 
0 

20 
0 
0 

25 
0 
0 
0 
5 

30 
0 
0 
5 
0 
0 
5 
0 
0 

10 
0 
0 

15 

30 
0 

15 
0 
0 
5 
0 
0 
0 

40 

40 

20 
0 
0 

50 
0 

Dollars 
10 
0 
0 

2 

53 

3 

54...  . 

4 

55 

5 

6 

56 

5 

6 

57 

20 
25 

7 

58 

8 

59.. 

5 

9 

60 

0 

10 

61 

0 

11  . 

62 

0 

12 

63 

0 

13 

64..  ... 

0 

14 

65 

5 

15 

66 

0 

16...  . 

67 

0 

17 

68 

15 

18 

69 

0 

19 

70 

5 

20 

71 

10 

21.. 

72 

10 

22 

73 

0 

23 

74 

0 

24. 

75 

5 

25 

76 

25 

26.. 

77 

0 

27 

78 

0 

28 

79 

10 

29 

80 

0 

30 

81 

0 

31..   .  - 

82 

20 

32 

83 

0 

33 

84    

0 

34 

85 

5 

36 

86 

0 

36 

87 

0 

37 

88 _.. 

89   

35 

38. 

0 

39-. 

90 

10 

40. 

91 

60 

41... 

92    ... 

0 

42 

93 

0 

43 

94 

20 

44.. 

95 

20 

45 

96 

0 

46 

97      

0 

47. 

98 

0 

48 

99 

0 

49 

100 

0 

50 

101 

0 

51 

102 

0 

1  The  increase  or  decrease  in  supply  or  price  as  compared  with  the  previous  day's  supply  or  price. 
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Forty-five  cars  of  watermelons  (supply)  were  reported  on  track  at 
New  York  City  at  8  a.m.  June  12,  1930  (table  16).  Tom  Watson 
26-pound  melons  were  reported  sold  that  day  for  an  average  of 
$645  per  car  (table  18).  The  next  day  the  supply  was  56  cars. 
This  supply  was  an  increase  of  11  cars  over  the  previous  day,  and 
the  average  of  the  quoted  prices  was  decreased  to  $590.  May  29, 
1929,  the  reported  supply  was  75  cars  on  track  and  the  average  price 
for  that  day  was  $535  per  car.  The  next  day  the  supply  decreased 
to  34  cars  on  track  and  the  average  price  increased  to  $550.  In  both 
cases  cited,  the  price  for  the  current  day  changed  as  would  be  expected ; 
that  is,  increased  supply  lowered  prices,  and  decreased  supply  raised 
prices.  These  relations  of  supply  and  price  that  would  be  expected 
occurred  on  only  56  percent  of  the  508  market  days  at  New  York 
City  during  the  6  years  1926-31  (tables  16  and  18).  The  average 
price  and  supply  changed  in  the  same  direction,  both  up  or  both 
down,  on  27  percent  of  the  market  days.  No  change  in  price  occurred 
from  the  increase  or  decrease  in  supply  reported  on  13  percent  of  the 
market  days.  The  average  price  went  up  or  down  without  change 
in  volume  of  supply  on  3  percent  of  the  market  days.  No  change  m 
supply  or  price  appeared  on  1  percent  of  the  days. 

The  number  of  cars  reported  on  track  at  New  York  City  each 
morning  usually  represents  a  volume  in  excess  of  the  needs  of  this 
market  for  that  day.  This  is  emphasized  by  the  carry-over  shown 
from  day  to  day  on  that  market  (fig.  10).  This  condition  of  a  market 
modifies  the  usual  **supply-and-demand''  basis  for  determining 
prices,  and  therefore,  can  be  considered  as  one  of  the  factors  that 
cause  the  uncertain  supply  and  price  relation  as  they  appear  on  the 
New  York  City  market. 

A  review  of  the  New  York  City  market  reports  on  the  movements 
of  supply  and  price  for  the  81  weeks  included  in  the  1926-30  water- 
melon seasons  shows  to  what  extent  the  daily  changes  in  supply  and 
price  have  moved  as  would  be  expected  (table  21).  Seventy-four 
comparisons  of  average  daily  supply  by  weeks  with  average  daily 
prices  by  weeks  show  that,  during  80  percent  of  the  time,  price  and 
supply  moved  as  would  be  expected;  11  percent  of  the  time  both 
moved  downward;  5  percent  of  the  time  both  moved  upward;  and 
other  changes  occurred  4  percent  of  the  time. 

Table  21. — Relation  of  the  movement  of  supply  and  price  of  watermelons  at  New 
York  City,  daily  for  81  weeks  of  the  1926-30  seasons 


Relation  of  movements  of  supply  and  price  as  com- 
pared with  the  previous  market  day's  supply  and 
price 

Percentage  of  days  that  supply  and  price  moved 
as  indicated 

Mon- 
day 

Tues- 
day 

Wednes- 
day 

Thurs- 
day 

Friday 

Satur- 
day 

Supply  moved  up  and  price  down,  or  supply  moved 
down  and  price  up 

Percent 
76 
3 

6 
0 

Percent 
49 
18 
14 
13 
6 

Percent 
55 
15 
10 
16 
4 

Percent 
61 
19 

9 
12 

9 

Percent 

53 

32 

5 

9 

Percent 
53 

Supply  and  price  both  moved  downward 

19 

11 

Supply  move<l  up  or  down  without  change  in  price.  . 
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From  the  foregoing  it  appears  that  the  supply  situation  on  Mon- 
day of  each  week  has  indicated  the  price  trends  that  would  be  expected 
76  percent  of  the  time.     The  volume  of  supply  on  other  days  of  the 


56    TECHNICAL  BULLETIN  398,  U.S.  DEPT.  OF  AGRICULTURE 

week  has  indicated  the  price  trend  that  would  be  expected  less  than 
53  percent  of  the  time.     The  relation  of  supply  and  price  has  been 
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Figure  12.— watermelons.  Supply  And  price,  1926-31. 

The  market  price  usually  dropped  below  $450  per  car  by  the  time  the  total  shipments  reached  10,000 
cars.    The  market  seldom  recovered  after  this  point  was  reached. 


most  uncertain  on  Tuesdays.  The  trend  downward  of  both  price  and 
supply  has  been  most  frequent  on  Fridays.  This  trend  seldom 
occurs  on  Mondays. 
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Consumer  demand,  quality  of  the  melons,  weather  conditions,  and 
volume  of  supply  are  among  the  factors  generally  considered  as  influ- 
encing the  prices  for  watermelons. 

Watermelons  are  a  perishable  commodity  that  must  be  priced  on  a 
level  that  will  induce  the  consuming  public  to  use  them  soon  after 
they  appear  on  the  markets. 

Quality  and  consumption  of  watermelons  are  closely  related.  Poor 
quahty  curtails  consumption  which  in  turn  makes  for  lower  prices. 

The  concensus  of  the  watermelon  trade  indicates  that  weather 
conditions  are  important  factors  in  determining  the  market  price  of 
this  commodity.  Whether  the  effect  of  climatic  changes  are  reflected 
in  the  current  day's  business  or  are  general  in  their  effect  is  hard  to 
determine.  The  daily  prices  change  inversely  with  the  supply,  over 
50  percent  of  the  time.  Weather  conditions  may  be  among  the  factors 
that  determined  the  prices  in  the  other  instances. 

The  volume  of  the  cumulative  shipments  on  any  definite  date  of  the 
season  indicates  the  part  of  the  total  production  that  has  entered 
consumption  channels.  The  cars  reported  on  track  each  morning  by 
the  several  markets,  plus  the  reported  passing  of  cars  by  certain 
stations,  plus  the  shipments  reported  for  the  day,  can  be  consid- 
ered as  the  visible  supply  of  watermelons.  The  daily  shipments  and 
passings  reported  represent  the  volume  from  which  replenishment  of 
stocks  will  be  made. 

The  volume  of  shipments  of  watermelons  that  have  been  marketed 
at  an  average  weekly  price  above  $450  a  car  in  the  city  markets  has 
been  less  than  10,000  cars  each  year  of  the  period  1926-31.  The 
10,000  mark  in  sliipments  has  been  reached  as  early  as  the  fifth  week 
of  the  shipping  season  and  as  late  as  the  tenth  week  (1928).  The 
small  sliipments  during  the  fourteenth  week  of  the  1929  season  forced 
the  price  above  $450  during  the  fifteenth  week.  Except  for  that 
instance  the  price  never  recovered  from  the  $450  average  weekly  price 
after  the  10,000-car  shipment  period  had  been  reported  in  any  year 
of  this  period  (fig.  12). 
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Figure  13.— Watermelon  prices:  New  York  and  12  Markets.  Average  of  5 

SEASONS.  1926-30. 

From  the  third  to  the  thirteenth  (inclusive'*  weeks  of  the  average  season  the  general  trend  of  the  average 
price  of  all  weights  of  the  Tom  Watson  watermelons  on  the  12  markets  follows  closely  the  trend  of  26- 
pound  Tom  Watson  melons  on  the  New  York  City  market. 
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During  the  week  beginning  August  17,  1931  (tabic  18)  26-pound 
Tom  Watson  watermelons  were  reported  as  selling  on  the  New  York 
City  markets  for  an  average  of  $135  per  car.  The  range  of  the  average 
daily  prices  for  the  week  was  from  $130  to  $150.  These  prices  were 
below  the  cost  of  freight.  The  average  price  per  car  on  melons  of  this 
weight  dropped  below  $300  during  the  eleventh  week  of  the  1926-30 
period  (table  18)  and  remained  below  that  price  to  the  end  of  the 
season.  In  some  years  there  has  been  a  slight  recovery  in  price  at  the 
extreme  end  of  the  season  but  this  is  of  little  material  benefit  to  pro- 
ducers as  the  bulk  of  the  crop  has  already  been  marketed  by  that  time. 

The  seasonal  trend  of  the  average  prices  of  all  weights  of  Tom 
Watson  watermelons  on  the  12  markets  follows  closely  the  trend  of 
the  average  prices  of  26-pound  Tom  Watson  melons  on  the  New  York 
City  market  (fig.  13).  Based  upon  the  assumption  that  the  trend  of 
the  average  prices  for  26-pound  Tom  Watson  melons  on  the  New  York 
City  market  is  a  fair  indication  of  the  trend  of  the  average  prices  of  all 
weights  of  that  variety  of  melons  on  that  market,  it  is  concluded  that 
the  New  York  City  market  reports  show  rather  accurately  the  water- 
melon-price situation  in  the  area  in  which  the  large  consuming 
markets  are  situated. 

SUMMARY 

The  watermelon  is  an  important  cash  crop  m  many  sections  of  the 
United  States.  Carload  shipments  originate  in  more  than  30  States. 
The  principal  producing  area  is  located  in  the  southeastern  part  of 
the  country. 

The  average  value  to  growers  of  the  commercial  crop  for  the  period 
1926-31  was  estimated  at  more  than  $10,000,000  annually.  The  ship- 
ments average  more  than  50,000  cars  per  year.  A  yearly  average  of 
more  than  215,000  acres  are  utilized  for  commercial  production  of 
the  crop. 

The  shipping  season  usually  extends  from  April  to  October,  inclu- 
sive, but  the  greater  part  of  the  movement  is  in  June  and  July.  Prac- 
tically all  carload  markets  receive  supplies  of  watermelons  at  some 
time  during  the  season.  The  carload  distribution  reaches  the  larger 
markets,  and  local  distribution  from  those  points  covers  the  smaller 
towns  and  rural  sections. 

A  large  number  of  the  carload  watermelon  shipments  are  started 
rolling  from  the  point  of  origin  without  a  definite  destination  in  view. 
These  cars  are  subject  to  diversion  to  any  point  by  the  shipper. 
Many  of  these  cars  are  sold  while  rolling  and  are  diverted  to  the  final 
destination.  Other  cars  are  consigned  for  sale  by  brokers,  by  com- 
mission men,  or  at  auction.  The  accumulation  at  the  larger  markets 
usually  occurs  from  these  consignments.  During  some  seasons  the 
market  congestion  becomes  so  great  that  watermelons  are  sold  for 
less  than  the  freight  charges. 

Excessive  accumulations  of  supplies  at  receiving  points  indicate 
poor  distribution,  overlapping  of  ripening  periods,  or  overproduction. 
No  organized  plan  of  aistribution  among  the  markets  is  apparent. 
The  accumulation  of  a  perishable  commodity  will  develop  a  buyers 
market.     Melons  of  both  good  and  poor  quality  are  to  be  found  on 
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the  markets  each  season.  The  distribution  of  poor  quality  melons 
decreases  the  number  of  melons  that  will  be  consumed.  The  smaller 
towns  and  rural  districts  are  good  markets  for  high-quality  melons. 

New  York  City  with  its  vicinity  is  the  largest  watermelon  market 
in  the  United  States.  The  Chicago  area  is  second  in  volume  of  con- 
sumption. The  territory  that  is  supplied  through  the  66  markets 
reported  by  the  Market  News  Service  consumes  more  than  58  percent 
of  the  total  carload  shipments  of  watermelons. 

The  meager  reports  on  motor-truck  movements  of  watermelons 
that  have  been  received  by  the  United  States  Department  of  Agricul- 
ture do  not  indicate  that  the  volume  so  marketed  would  change  to 
any  great  extent  the  situation  as  shown  by  the  carload  reports. 
Motor-truck  distribution  to  local  points  from  both  producing  sections 
and  carload  receiving  points  is  practiced  to  some  extent. 

The  consumption  of  watermelons  varies  in  the  different  sections. 
Seemingly  the  southern  markets  have  a  greater  per  capita  consump- 
tion than  do  the  more  northern  markets.  During  the  period  1926-30, 
Atlanta,  Ga.,  reported  a  yearly  average  unload  of  one  carload  for 
each  358  population.  During  this  same  period  Milwaukee,  Wis., 
reported  only  one  car  for  each  1,701  population. 

The  volume  of  supply  on  the  several  markets  does  not  always 
indicate  the  market  situation.  Prices  do  not  move  inversely  to  the 
volume  of  supply  at  all  times.  Often,  but  by  no  means  regularly, 
an  increase  or  decrease  in  reported  supplies  of  a  market  may  indicate 
an  inverse  change  in  price.  The  prices  quoted  for  watermelons  on  the 
New  York  City  market  have  changed  inversely  to  the  volume  of  sup- 
ply more  times  on  Mondays  than  on  other  days  of  the  week  during  the 
period  1926-30. 

Consumer  demand,  quality,  volume  of  supply,  use  of  competitive 
fruits,  and  weather  conditions  in  the  producing  areas  and  in  the  con- 
suming centers  are  among  the  factors  advanced  by  the  trade  as  reasons 
for  the  changing  prices  of  watermelons.  Any  one  or  all  of  these 
factors  may  affect  watermelon  prices  provided  their  influence  is 
sustained  for  a  continued  period  of  time,  but  the  day-to-day  changes 
in  price  that  occur  are  not  easily  explained. 

The  cumulative  shipments  to  any  date  of  the  season  indicate  the 
volume  of  watermelons  that  have  passed  into  consumptive  channels. 
It  appears  that  there  is  a  relation  between  the  cumulative  volume  of 
shipments  and  the  price  of  watermelons  during  most  of  the  season. 
During  each  of  the  6  seasons,  1926-31 ,  when  the  cumulative  shipments 
reached  approximately  10,000  cars,  the  reported  market-price  average 
at  New  York  City  dropped  below  $450  and  remained  below  that  point 
for  the  remainder  of  the  season.  From  the  $450  point  the  price  in 
general  continued  its  downward  trend  to  the  ena  of  the  season  as  the 
volume  of  cumulative  snipments  increasea  regardless  of  diminishing 
daily  supplies. 

The  presentations  in  this  bulletin,  although  not  complete  in  all 
details,  furnish  a  fairly  accurate  picture  of  the  watermelon  industry 
of  the  United  States  during  the  1926-31  period.  With  this  informa- 
tion as  a  background,  the  reader  will  be  better  equipped  to  interpret 
the  current  seasonal  information  on  watermelon  production,  ship- 
ments, market  receipts,  and  prices  as  they  affect  his  individual 
problems. 
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RECENT  TREND  IN  BEEF  PRODUCTION 

The  American  beef  market  in  recent  years  has  shown  an  increasing 
demand  for  Hghter  cuts  of  meat.  In  an  attempt  to  meet  this  changing 
demand  in  a  practical  way,  producers  have  striven  to  make  cattle 
fat  enough  for  slaughter  at  comparatively  early  ages.  The  more 
economical  use  of  grain  by  younger  cattle  has  been  a  contributing 
factor  in  the  growth  of  this  practice,  though  the  ability  of  older  cattle 
to  make  more  extensive  use  of  roughage  has  offset  this  advantage  to 
some  extent.  However,  when  calves  to  be  fattened  are  raised  instead 
of  purchased,  the  breeding  herd  of  beef  cows  utilizes  to  advantage  the 
roughage  that  the  calves  do  not  consume.  Consequently,  the  main- 
tenance of  a  breeding  herd  and  the  fattening  of  the  calves  produced 
may  replace  the  grazing  and  fattening  of  older  cattle  on  many  farms. 

To  meet  the  demand  for  smaller  cuts  of  beef  and  to  produce  beef 
more  economically,  it  has  been  found  practical  under  certain  condi- 
tions to  give  well-bred  beef  calves  a  full  feed  of  grain  while  they  are 
suckhng  and  have  them  fat  enough  for  slaughter  at  weaning  time  or  a 
few  months  thereafter.  Three  years  of  cooperative  work  by  the 
United  States  Department  of  Agriculture  and  the  University  of 
Missouri  at  Sni-a-Bar  Farms,  Grain  Valley,  Mo.,-  showed  that  grain- 
fed  calves  weighed  about  100  pounds  more  at  weaning  time  than  simi- 

'  Acknowledgment  is  made  to  A.  T.  Semple,  associate  animal  husbandman.  Bureau  of  Animal  Industry, 
U.S.  Department  of  Agriculture,  for  valuaole  assistance  in  the  preparation  of  this  bulletin,  and  to  E.  M. 
Jones  and  M.  W.  Hazen,  junior  animal  husbandmen,  Joint  employees  of  the  Bureau  of  Animal  Industry 
and  the  University  of  Missouri.  Mr.  Jones  was  in  immediate  charge  of  these  experiments  from  their 
b^inning  to  May  1,  1930,  and  Mr.  Uazen  from  that  time  until  their  completion. 

*  Black,  W.  H.,  and  Trowbripqe,  £.  A.  beef  raoM  calves  ted  grain  BEroRE  and  attbr  weaning. 
D.S.  Dept.  Agr.  Tech.  Bui.  208,  24  p..  illus.,  1930. 
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lar  calves  fed  no  grain  and  were  usually  fat  enough  for  slaughter  when 
weaned  at  8  months  of  age.  When  such  calves  were  not  marketed  at 
weaning  tinie,  the  practice  of  feeding  grain  shortened  the  subsequent 
feeding  period.  The  most  suitable  grain  ration  for  such  feeding 
became  a  problem  of  importance. 

OBJECT  OF  EXPERIMENTS 

The  object  of  the  experiments  reported  in  this  bulletin  was  to  com- 
pare the  following  three  grain  rations  for  feeding  calves  from  the  time 
they  were  old  enough  to  eat  grain  until  weaning  time  and  for  fattening 
them  in  dry  lot:  (1)  Shelled  corn,  (2)  shelled  corn  (8  parts)  and  cotton- 
seed cake  (1  part),  and  (3)  shelled  corn  (2  parts)  and  oats  (1  part). 
The  mixtures  were  made  by  weight.  Alfalfa  hay  and  corn  silage  were 
used  for  roughage. 

CATTLE  USED 

Steer  calves  were  used  in  all  the  experiments  and  heifer  calves  also 
were  used  in  the  experiment  with  cottonseed  cake  and  corn.  These 
investigations  were  carried  on  at  Sni-a-Bar  Farms,  Grain  Valley,  Mo. 
All  the  calves  were  grade  Shorthorns  sired  by  excellent  purebred 
Shorthorn  bulls.  The  dams  of  all  these  calves  showed  a  predominance 
of  Shorthorn  breeding.  They  were  descendants  of  red  cows,  with 
evidence  of  Shorthorn  blood,  which  had  been  shipped  from  nearby 
States  to  the  Kansas  City  stockyards  and  purchased  there  in  1913  as 
foundation  cows  for  the  breeding  demonstration  work  at  Sni-a-Bar 
Farms.^  The  original  cows  were  of  ''medium  to  good"  grade,  of 
average  size  for  cows  of  the  West  Central  States,  and  gave  plenty  of 
milk  for  their  calves.  The  daughters,  granddaughters,  and  great- 
granddaughters  of  these  original  red  cows  were  sired  by  purebred 
Shorthorn  bulls  of  good  individuality. 

The  average  weights  of  the  dams  of  the  calves  used  in  the  experi- 
ments were  somewhat  greater  than  those  of  the  foundation  cows  or  of 
the  average  cows  of  the  section  of  the  country  in  which  the  experi- 
ments were  conducted.  The  dams  produced  milk  in  such  quantities 
that  it  was  necessary  occasionally  to  milk  some  of  them  when  the 
calves  were  young.  Heifers  were  bred  so  that  they  would  calve  at 
about  30  months  of  age.  Every  calf  raised  on  the  farm  is  marked 
with  a  serially  numbered  ear  tag,  which  is  the  key  to  its  breeding. 

EXPERIMENTAL  PROCEDURE 

METHODS  OF  FEEDING  AND  HANDLING  CATTLE 

The  dams  of  the  calves  used  in  the  experiments  were  wintered  each 
year  on  bluegrass  pasture  and  such  quantities  of  hay,  silage,  and  other 
feed  as  were  necessary  to  keep  them  thrifty  but  not  fat.  Cows  which 
calved  during  the  winter  were  given  a  little  grain  after  calving  when 
it  was  needed.  Open  sheds  or  timber  furnished  shelter.  Each  sum- 
mer the  cows  and  calves  were  kept  on  good  pasture,  the  cows  receiving 
no  grain.  Ample  shade,  good  water,  and  salt  were  available  at  all 
times. 

In  each  of  the  3  years  the  steer  calves  were  divided,  according  to 
age,  weight,  and  grade,  into  three  lots  having  practically  the  same 

3  BuECH,  D.  S.,  Sheets,  E.  W.,  Waters,  H.  J.,  and  Trowbridge,  E.  A.    grading  up  beef  cattle 
AT  sm-A-BAR  FARMS.    U.S.  Dept.  Agr.  Misc.  Circ.  74,  28  p.,  illus.     1926. 
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number  of  calves.  Each  of  these  lots  received  the  grain  ration  both 
before  and  after  weaning.  The  heifer  calves  were  fed  cottonseed 
cake  and  corn  before  weaning  in  the  1929  and  1930  experiments  and 
after  weaning  in  the  1929  experiment. 

The  calves  were  kept  with  their  dams  on  pasture  during  the  suck- 
ling period.  A  small  corral,  usually  known  as  a  "creep",  so  con- 
structed that  the  calves,  but  not  the  cows,  could  enter  was  conveni- 
ently located  in  each  pasture.  All  grain  was  placed  in  the  troughs 
within  the  creeps,  where  the  calves  entered  and  ate,  unmolested  by 
their  dams.  Grain  was  fed  daily  in  such  quantities  that  a  little  feed 
always  remained.  The  troughs  were  observed  twice  daily  and  were 
kept  sweet  and  clean. 

At  the  beginning  the  calves  were  driven  into,  and  in  some  cases 
confined  within,  the  creeps  for  a  short  period  during  each  day.  This 
practice  was  discontinued  as  soon  as  they  learned  to  enter  the  creeps 
of  their  own  accord.  At  the  end  of  the  suckling  period  the  calves 
were  weaned  and  individual  weights  of  cows  and  calves  were  obtained. 

At  the  time  of  weaning,  the  calves  were  placed  in  dry  lots  and  full 
fed  the  same  grain  ration  they  had  received  on  pasture.  They  were 
also  given  an  allowance  of  alfalfa  hay  and  corn  silage.  Grain  was 
fed  twice  daily  in  such  quantities  as  to  be  cleaned  up  in  from  30  to 
40  minutes,  after  which  hay  was  fed.  The  silage  was  fed  before  the 
grain.  All  feeds  were  w^eighed  at  feeding  time  and  salt  and  water 
were  constantly  available.  Each  group  of  calves  had  20  by  36  feet  of 
space  in  a  shed  open  to  the  south  and  36  by  40  feet  of  lot  space.  All 
feed  was  given  in  troughs  under  the  shed.  The  lots  were  surfaced 
with  crushed  rock  so  that  they  did  not  become  very  muddy  during 
wet  weather.  Enough  bedding  was  used  to  provide  the  cattle  a  dry 
place  to  lie  down. 

FEEDS  USED 

The  com  was  of  uniform  quality  and  of  no.  2  yellow  grade.  The 
oats  were  of  fair  to  good  weight  and  quality.  The  cottonseed  cake 
contained  43  percent  protein.  The  cake  ranged  in  size  from  that  of 
a  pea  to  about  three  fourths  inch  in  diameter,  the  greater  portion  being 
of  pea  size. 

The  alfalfa  hay  was  locally  grown  and  of  fair  quality.  It  was  of 
good  color  and  contained  from  10  to  25  percent  of  fine  grasses,  princi- 
pally bluegrass.  The  silage  was  from  corn  grown  on  the  farm.  It 
was  estimated  that  this  corn  would  yield  about  50  bushels  of  grain 
per  acre,  and  it  was  harvested  when  well  matured.  The  pastures 
consisted  chiefly  of  bluegrass  with  some  white  clover,  orchard  grass, 
and  alsike  clover.  The  prices  for  feed  used  for  the  3  years  of  the 
experiments  are  shown  in  table  1. 

Table  1. — Prices  for  feeds  used  in  each  of  the  3  years  of  the  experiments 


Feed 

1028 

1929 

1930 

Corn 

$0.85 

.60 

65.00 

6.60 

20.00 

$0.84 
.40 
60.00 
6.60 
20.00 

$0.60 
35 

Oats 

........... do 

Cottonseed  cake 

...........  .    ..               per  ton 

36  00 

Corn  silage 

do 

6  00 

Alfalfa  hay 

rfo 

18  00 
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WEIGHTS  AND  APPRAISALS 

Records  were  kept  of  the  weights  of  the  cattle  and  quantities  of 
feed  consumed.  During  the  suckling  period  of  140  days,  the  quantity 
of  feed  remaining  in  the  creeps  was  deducted  from  the  total  quantity 
fed.  The  average  initial  and  final  weights  of  the  animals,  as  recorded, 
consisted  of  an  average  of  the  weights  taken  in  the  morning  after  the 
calves  had  finished  eating,  on  3  consecutive  days.  The  calves  were 
weighed  individually  at  28-day  intervals. 

In  case  a  calf  died,  its  record  was  eliminated,  so  far  as  possible,  by 
deducting  quantity  of  feed  in  proportion  to  its  live  weight  for  the  time 
it  was  in  the  experiment. 

All  lots  Were  appraised  at  weaning  time  and  at  the  close  of  the 
feeding  period.  Commission  merchants  from  the  Kansas  City  stock- 
yards valued  them  on  the  basis  of  what  they  would  bring  on  that 
market. 

DISCUSSION  OF  RESULTS 


INITIAL  WEIGHTS  AND  GAINS  OF  DAMS 

Table  2  shows  the  average  initial  weight  of  the  dams  of  the  calves 
used  in  each  experiment,  together  with  the  gains  or  losses  in  weight  of 
the  dams  during  the  suckling  period.  Lot  1  consisted  of  the  steer 
calves  receiving  only  corn  as  the  grain  ration;  lots  2S  and  2H,  the 
steer  and  heifer  calves,  respectively,  receiving  corn  and  cottonseed 
cake;  and  lot  3,  the  steer  calves  receiving  corn  and  oats.  Since  the 
steer  calves  were  divided  on  the  basis  of  age,  weight,  and  grades, 
variation  in  the  weights  of  their  dams  was  unavoidable. 

Table  2. — Average  initial  weights  and  gains  or  losses  of  dams  during  suckling 
periods  for  the  three  lots  of  calves 


Lot 
no. 

Year 

Dams 

Average 
initial 
weight 

Average 

gain  (+) 

or  loss 

(-) 

1 

1928                                                   

Number 
9 
11 
12 

Pounds 

1,054 

978 

.  967 

Pounds 
+37 

1929                                                                                    

-33 

1930      - - 

+206 

995 

+77 

1928    - 

23 

10 
11 
12 

1,021 

1,028 

910 

+32 

1929                      . 

+10 

1930 

+93 

Average 

983 

+47 

1928                                             ...                   

2H 

1929 

J8 

8 

931 
1,060 

+45 

1930        

+70 

Average 

995 

+57 

3 

1928      - 

9 
12 
12 

1,100 
977 
967 

+31 

1929                     - 

-28 

1930                                                                                    

+32 

1.007 

+10 

1  Two  of  these  dams  were  removed  from  the  experiment  because  of  sickness  2  weeks  before  the  close  of 
the  nursing  period.    Data  are  given  for  the  6  dams  used  during  the  entire  experiment. 
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COMPARISON  OF  THREE  RATIONS  FOR  SUCKUNG  CALVES 


INITIAL    AND    FINAL    WEIGHTS    AND    TOTAL    GAINS 

Steer  calves  averaging  from  2  to  3  months  of  age  were  divided  into 
three  lots,  on  June  27,  1928,  June  25,  1929,  and  June  24,  1930,  respec- 
tively, for  the  three  experiments.  The  animals  averaged  practically 
3  months  of  age  at  the  beginning  of  the  experiment  m  1928.  The 
next  2  yeai-s  they  were  about  10  days  younger  and  correspondingly 
lighter  in  weight.  The  heifer  calves  averaged  18  days  older  but 
weighed  less  than  the  steers  at  the  beginning  of  each  experiment. 
The  fact  that  the  heifer  calves  were  smaller  for  their  age  was  probably 
due  to  a  larger  proportion  of  their  dams  being  heifers.  '  The  average 
initial  and  final  weights,  total  gains,  and  final  appraised  value,  per 
hundredweight,  of  the  calves  for  the  three  suckling  periods  are  given 
in  table  3.  The  3-year  averages  show  that  the  steer  calves  getting 
com  and  cottonseed  cake  (lot  2S)  gained  21  pounds  more  in  140  days 
than  those  getting  corn  (lot  1),  and  these  in  turn  gained  3  pounds 
more  than  those  getting  corn  and  oats  (lot  3).  The  steer  calves  in 
lot  2  gained  10  pounds  more  than  the  heifer  calves  receiving  the  same 
grain  mixture. 

Table  3. — Average  initial  and  final  weights^  total  gains,  and  appraised  values  of 
the  calves  during  suckling  periods  of  each  experiment 


Calves 

Average 
age  at 

Average  weight 

Average 
total  gain 

Average 

Period 

Lot 
no. 

Initial 

Final 

final  val- 
ue per 

hundred- 
weight 

1 

June  27-Nov.  14,  1928     

Num^)er 

110 

'13 

12 

Days 
76 

Pounds 
251 
208 
213 

Pounds 
520 
468 
521 

Pounds 
269 
260 
308 

Dollars 
12.00 

June  25-Nov  12  1929 

11.90 

June  24-Nov.  11,  1930 

11.00 

Aver&se 

79 

222 

501 

280 

11.63 

June  27-Nov.  14,  1928 

2S 

10 
12 
12 

87 
79 
78 

247 
207 
212 

545 
511 
513 

298 
304 
301 

12.75 

June  25-Nov.  12,  1929      ... 

12.50 

June  24-Nov.  11, 1930.. 

11.00 

Average             .... 

81 

221 

522 

301 

12.06 

June  27-Nov  14  1928 

2H 

June  25-Nov.  12,  1929      

8 
8 

97 
97 

191 
216 

483 

506 

292 
290 

12.50 

June  24-Nov  11   1930 

ILOO 

Averafre       - 

97 

203 

494 

291 

11.75 

June  27-Nov.  14.  1928 

3 

>  10 
13 
12 

87 
79 
79 

248 
208 
211 

545 
466 
493 

297 
2.'>8 
282 

12.50 

June  25-Nov.  12,  1929    

n.76 

June  24-Nov  11,1930      

10.50 

81 

220 

496 

277 

11.58 

•  1  of  these  calves  died;  its  record  Is  not  included. 

» 1  of  these  calves  was  removed  from  the  experiment  on  account  of  being  badly  crippled;  its  record  is  not 
included. 

COMPARATIVE  VALUES  OF  CALVES 

The  appraised  selling  price  may  be  considered  as  an  expression  of 
the  packers'  opinion  as  to  finish,  dressing  percentage,  and  quality  of 
cattle.  Consequently,  this  price  was  used  as  a  means  of  evaluating 
the  merits  of  the  finished  product. 
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The  appraised  values  per  hundredweight  at  the  end  of  the  suckling 
period  are  given  in  table  3.  The  steer  calves  fed  corn  and  cotton- 
seed cake  (lot  2S)  had  an  average  appraised  value  of  $12.08  per 
hundredweight,  the  highest  of  any  lot.  The  heifers  (lot  2H)  fed  the 
same  ration  as  lot  2S  were  valued  at  the  same  price  as  the  steers  for 
each  of  the  two  experiments  in  which  they  were  included.  As  prices 
were  generally  higher  for  all  lots  during  the  1928  experiment,  the 
2-year  average  for  heifers  is  somewhat  less  than  the  3-year  average 
for  the  corresponding  lot  of  steers.  The  total  gains  of  these  two  lots 
exceeded  those  of  the  others,  a  fact  which,  together  with  the  increased 
value,  indicates  a  somewhat  higher  degree  of  finish  due  to  the  seem- 
ingly greater  palatability  of  the  corn-and-cottonseed-cake  ration. 
The  appraised  value  of  the  steer  calves  fed  corn  and  oats  (lot  3)  was 
the  lowest  of  all  the  groups  but  only  slightly  lower  than  that  of  lot  1 
fed  shelled  corn. 


GRAIN    RATIONS    AND    DAILY    GAINS 


The  average  grain  rations  and  daily  gains  of  the  calves  during  each 
28-day  period  before  they  were  weaned  are  given  in  table  4. 


Table  4. — Average  grain  rations  consumed  and  daily  gains  per  head,  in  pounds, 
during  each  28-day  period  before  the  calves  were  weaned 

Period 
no. 

Average  daily  grain  ration  and  gains  pei 

head 

Beginning  of  experiment 

Lotl 

Lot2S 

Lot2H 

Lot  3 

Ration 

Gain 

Ration 

Gain 

Ration 

Gain 

Ration 

Gain 

1928 

1 
2 
3 
4 
5 

0.1 
1.3 
4.7 
5.7 
7.2 

L6 
3.0 
1.8 
L3 
2.0 

0.3 
1.9 
4.4 
6.2 
7.2 

1.7 
2.5 
2.1 
2.0 
2.3 

0.3 
2.2 
5.8 
8.1 
8.2 

1.8 

2.4 

2.0 

2.2 

2.2 

Average 

3.8 

1.9 

4.0 

2.1 

4.9 

2.1 





1829       

1 
2 
3 
4 
5 

1.2 
3.2 
4.7 
6.7 
7.9 

1.9 
1.7 
1.9 
2.4 
L6 

1.3 
3.2 
4.9 
7.8 
8.4 

2.2 
1.9 
2.5 
2.0 
2.2 

2.3 
4.5 
6.8 

7.8 
8.0 

2.0 
1.6 

2.8 
2.2 
L8 

.6 
2.9 
5.4 
7.9 
8.9 

1.8 

1.8 
2.4 
1.6 
1.7 

4.7 

1.9 

5.1 

2.2 

5.9 

2.1 

5.1 

1.8 

1930 

1 
2 
3 
4 
6 

.1 

.7 

2.6 

3.1 

4.0 

1.8 
2.0 
2.1 
2.2 
3.0 

1.1 
3.0 
4.9 
3.8 
6.4 

1.7 
L5 
2.3 
2.7 
2.5 

1.9 
4.0 
5.8 
5.4 
7.3 

2.0 
1.9 
1.6 
2.5 
2.3 

1.9 
3.8 
5.2 
5.0 
8.0 

1.6 

2.6 
1.6 
1.6 
2.7 

Average 

2.1 

2.2 

3.6 

2.1 

4.9 

2.1 

4.8 

2.0 

1928,  1929,  and  1930 

1 
2 
3 
4 
6 

.5 
1.8 
4.0 
5.1 
6.3 

1.8 
2.2 
1.9 
2.0 
2.2 

.9 
2.8 
4.7 
5.9 
7.0 

1.9 
1.9 
2.3 
2.3 
2.3 

2.1 
4.2 
6.3 
6.1 
7.6 

2.0 
1.7 
2.2 
2.3 
2.1 

LO 
3.0 
5.4 
6.9 

8.4 

1  7 

2.2 
2.0 
L7 
2.2 

Average 

3.6 

2.0 

4.3 

2.1 

5.4 

2.1 

5.0 

2.0 

It  was  nearly  a  month  after  the  experiment  was  begun  in  1928 
before  all  the  calves  were  eating  grain  in  the  creeps.  Even  during 
the  second  month  the  calves  of  lot  1  did  not  eat  so  much  as  they  should 
have  because  their  creep  was  too  far  from  shade.  After  they  were 
moved  to  another  pasture  on  August  15  they  ate  much  better.     In 
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lot  2S  there  was  a  marked  tendency  for  the  calves  to  eat  the  coarse 
cottonseed  cake  and  leave  the  com.  The  reverse  was  true  when  the 
cake  had  been  pulverized  to  a  meal.  By  supplying  approximately 
one  fifth  of  the  supplement  in  the  form  of  meal  and  the  remainder  as 
cake  the  consumption  was  more  satisfactory. 

During  the  first  month  of  the  1929  experiment,  all  lots  ate  consider- 
ably more  than  they  did  in  the  same  period  of  1928.  It  is  doubtful, 
however,  whether  such  small  quantities  of  feed  as  were  eaten  would 
materially  affect  the  rate  of  gain. 

In  the  1930  experiment,  the  calves  in  lot  1  ate  practically  no  grain 
during  the  first  period  of  creep  feeding,  yet  they  gained  slightly  more 
than  either  of  the  other  lots  of  steer  calves.  Even  during  the  second 
period,  the  grain  consumed  by  lot  1  was  less  than  1  poimd  per  head 
daily.  The  consumption  of  grain  by  lot  1  continued  low  throughout 
the  experiment  and  averaged  only  about  half  of  that  of  the  other 
two  lots  of  steer  calves. 

During  the  experimental  feeding,  the  heifer  calves  ate,  on  the  av- 
erage, about  25  percent  more  grain  than  the  steer  calves  getting  the 
same  ration.  The  steer  calves,  however,  made  practically  the  same 
daily  gains  as  the  heifer  calves. 

The  results  obtained  for  the  3  years  showed  that  all  the  calves  were 
slow  in  learning  to  eat  grain,  especially  corn.  The  palatability  of  the 
ration  appears  to  have  had  an  important  effect  on  the  rate  of  grain 
consumption.  The  calves  fed  shelled  corn  alone  (lot  1)  ate  0.5  pound 
daily  in  the  first  period.  The  steer  calves  fed  shelled  com  and  cotton- 
seed cake  Got  2S)  and  those  fed  shelled  corn  and  oats  (lot  3)  ate  about 
twice  as  much  grain  in  this  period  as  did  lot  1.  The  heifers  (lot  2H) 
consumed  about  four  times  as  much  grain  as  lot  1  during  the  first 
period. 

Feed  consumption  also  was  apparently  affected  by  the  location  of 
the  creeps  with  respect  to  convenience  of  water,  shade,  and  pasture. 
At  the  beginning  of  the  1929  experiment  the  feed  consumption  of  lot 
3  was  below  normal.  By  changes  in  the  location  of  and  the  entrance 
to  the  creep,  the  calves  entered  it  more  readily  and  feed  consumption 
increased  to  normal. 

An  increase  in  the  daily  consumption  of  grain  in  each  successive 
period  previous  to  weaning  occurred  in  practically  all  cases.  At 
weaning  time  the  daily  grain  consumption  of  the  steer  calves  was 
greatest  with  the  lot  getting  shelled  corn  and  oats,  somewhat  less 
when  shelled  com  and  cottonseed  cake  were  fed,  and  least  when  the 
grain  ration  was  shelled  corn  alone.  The  heifers  consumed  more  feed 
during  the  first  three  periods  than  did  any  of  the  steer  lots  but  during 
the  last  two  periods  somewhat  less  than  the  steers  getting  corn  and 
oats.  The  heifers,  however,  consumed  8  percent  more  feed  than  did 
the  steer  lot  having  the  greatest  feed  consumption. 

The  total  grain  consumption  of  the  calves  fed  shelled  corn  and  oats 
was  about  40  percent  greater  than  that  of  the  calves  receiving  shelled 
corn  alone.  The  stoer  calves  getting  shelled  corn  and  cottonseed  cake 
ate  about  20  percent  more  grain  than  those  getting  only  shelled  corn 
as  their  grain  ration.  When  1  part  of  cottonseed  cake  had  been  added 
to  8  parts  of  shelled  corn,  the  calves  in  lot  2S  and  2H  not  only  consumed 
the  additional  feed  in  the  fonn  of  cottonseed  cake  but  ate  approxi- 
mately 7.5  and  25  percent,  respectively,  more  shelled  com  than  the 
calves  in  lot  1  fed  shelled  corn  alone.     The  calves  of  lot  3  consumed,  on 
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the  average,  32  pounds  less  of  shelled  corn  than  those  in  lot  1,  getting 
shelled  corn  alone,  but  in  its  place  ate  232  pounds  of  oats  per  head 
during  the  140-day  suckling  period. 

The  daily  gains  made  by  all  lots  of  calves  were  in  general  satis- 
factory. For  the  three  experiments  the  calves  made  practically  the 
same  gains  on  the  three  rations.  The  average  gains  of  the  heifers  for 
the  two  experiments  were  essentially  the  same  as  those  of  the  steers 
for  the  three  experiments.  In  no  case  were  the  differences  in  gains 
significant.  The  calves  receiving  both  corn  and  cottonseed  cake  on 
the  whole  made  more  uniform  gains  than  the  others.  The  severe 
drought  of  the  summer  of  1930  reduced  the  cariying  capacity  of  the 
pastures  though  usually  the  pastures  were  good,  especially  in  the  fall 
during  the  latter  part  of  the  feeding  period. 

GRAIN  CONSUMPTION  PER  100  POUNDS   OF   GAIN 

Table  5  shows  the  quantities  of  grain  consumed  per  100  pounds  of 
gain  by  28-day  periods.  As  the  suckling  period  advanced  the  grain 
consumed  per  100  pounds  of  gain  increased  in  most  instances.  During 
the  first  two  28-day  periods  the  calves  in  lot  1  produced  100  pounds  of 
gain  with  considerably  less  grain  than  either  of  the  other  lots.  The 
smaller  grain  requirement  by  lot  1  was  due  to  the  fact  that  the  calves 
were  slower  in  learning  to  enter  the  creeps  regularly  for  feed  than  were 
those  in  any  of  the  other  lots.  This  was  the  case  especially  in  the 
first  and  third  experiments. 


Table  5. 


-Average  quantities  of  grain  consumed  per  100  pounds  of  gain  hy 
periods  for  all  experiments 


-day 


Period 

Pounds  of  grain  consumed  per  100 
pounds  of  gain 

Lot  1 

Lot2S 

Lot2H 

Lots 

No.  1 

27 
83 
210 
256 
290 

50 
142 
205 
263 
298 

106 
244 
237 
279 
369 

58 

No.  2 

134 

No.  3 

272 

No.  4 

405 

No.  5 

385 

Average* .-           

177 

199 

247 

251 

>  Based  on  the  total  quantity  of  feeds  and  total  gain  for  entire  period. 

For  the  total  suckling  period  the  steer  calves  fed  shelled  corn  and 
cottonseed  cake  (lot  2S)  consumed  the  same  quantity  of  corn  per  100 
pounds  of  gain  as  those  getting  shelled  corn  alone  (lot  1)  but  ate  in 
addition  22  pounds  of  cottonseed  cake.  The  heifers  (lot  2H)  fed 
shelled  com  and  cottonseed  cake  were  still  less  efficient,  as  they 
required  48  pounds  more  corn  and  32  pounds  more  cottonseed  cake 
than  the  steers  (lot  2S)  fed  similarly.  The  steers  fed  shelled  com  and 
oats  (lot  3)  required  10  pounds  less  corn  than  lot  1  but  consumed  in 
addition  84  pounds  of  oats  per  100  pounds  of  gain. 


COMPARISON    OF   GRAIN    RATIONS   FOR   BEEF   CALVES  9 

COMPARISON  OF  THREE  RATIONS  FOR  FATTENING  CALVES  IN  DRY  LOT  AFTER 

WEANING 

The  calves  which  were  fed  grain  from  the  beginning  of  each  experi- 
ment until  weaning  were  fat  enough  for  slaughter  at  that  time.  How- 
ever, they  were  full  fed  in  dry  lots  for  196  days  to  compare  the  three 
grain  rations  which  had  been  fed  during  the  suckling  period.  The 
196-day  period  was  adopted  in  order  that  all  the  lots  of  calves  might 
be  in  very  acceptable  market  condition  when  sold  for  slaughter. 

The  numbers  of  calves  in  the  various  lots  during  the  suckling 
period  and  during  the  subsequent  fattening  period  do  not  necessarily 
coincide  because  some  calves  were  removed  at  weaning  time. 

INITIAL    AND    FINAL    WEIGHTS    AND    TOTAL    GAINS 

The  average  initial  and  final  weights  and  total  gains  for  each  lot, 
each  year,  and  for  3  years,  are  given  in  table  6. 

Table  6. — Average  initial  and  final  weights  and  total  gains  of  the  calves  for  the  S 
dry-lot  fattening  periods  of  196  days  each 


I^t 

Period 

Calves 

Average  weight 

Average 

no. 

Initial 

Final 

total  gain 

1 

Nov.  14,  1928-May  29,  1929 

Number 
9 
12 
11 

Pounds 
520 
468 
523 

Pounds 
862 
795 
885 

Pound* 
342 

Nov,  12,  1929-May  28,  1930            

327 

Nov.  11,  1930-May  26,  1931                                          -  . 

362 

502 

845 

343 

Nov.  14,  1928-May  29,  1929 

?R 

10 
112 
»11 

545 
511 
642 

928 
804 
918 

383 

Nov.  12,  1929-May  28,  1930 

293 

Nov.  11,  1930-May  26,  1931 

376 

Average 

532 

880 

348 

Nov.  14,  1928-May  29,  1929 

3H 

Nov.  12,  1929-May  28,  1930 

8 

483 

769 

286 

Nov.  11,  1930-May  26,  1931 

Nov.  14,  1928-May  29,  1929     

3 

9 

»13 

11 

645 
469 
496 

898 
791 
862 

353 

Nov.  12,  1929-May  28,  1930 

322 

Nov.  11,  1930-May  26,  1931 

366 

Average           ..                 

600 

846 

346 

>  1  of  these  calves  died;  its  record  is  not  included. 

•  2  of  these  calves  died;  their  records  are  not  included. 

*  1  of  these  calves  was  removed  from  the  experiment  on  account  of  being  badly  crippled;  its  record  is  not 
included. 

The  calves  in  lot  2S,  fed  corn  and  cottonseed  cake,  were  the  heaviest 
calves  at  the  close  of  the  196-day  dry-lot  fattening  period,  but  their 
total  gain  was  not  significantly  greater  than  that  of  lot  1,  fed  shelled 
com,  and  lot  3,  fed  shelled  corn  and  oats,  the  differences  bein^  respec- 
tively 1.46  and  0.58  percent.  Even  though  the  differences  in  gains 
for  the  various  groups  of  steer  calves  in  the  dry  lot  were  insignificant, . 
the  com-and-cottonseed-cake  ration  was  responsible  for  significantly 
greater  gains  for  the  entire  experiment  owing  primarily  to  greater 
gains  during  the  creep-feeding  period. 
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In  the  one  fattening  experiment  (1929-30)  with  the  heifers  (lot  2H) 
fed  the  same  ration  as  lot  2S,  their  total  gain  was  lower  than  that  of 
any  of  the  lots  of  steers  during  the  three  experiments.  Their  total 
gain  for  the  1929-30  experiment,  however,  compared  favorably  with 
that  of  the  corresponding  lot  of  steers. 


GRAIN    RATIONS    AND    DAILY    GAINS 


The  average  grain  rations  and  daily  gains  for  each  28-day  period 
of  the  three  experiments  are  given  in  table  7. 

Table  7. — Average  grain  rations  and  daily  gains  per  head,  in  pounds,  for  each  28-day 
period  during  fattening  in  dry  lot 


Period 
no. 

Lot  1 

Lot2S 

Beginning  of  experiment 

Grain 

Rough- 
age 1 

Gain 

Grain 

Rough- 
age 1 

Gain 

1928 --- 

1 
2 

9.1 
10.6 

2.6 
'3.3 

1.6 
1.9 

9.7 
11.1 

2.8 
23.6 

2.0 

1.9 

3 

10.2 

M.O 

1.0 

11.4 

3  4.7 

1.5 

4 

10.1 

3  4.4 

2.3 

11.9 

8  4.5 

2.6 

5 

11.4 

<4.  1 

1.6 

12.9 

M.2 

1.5 

6 

12.8 

3.4 

1.5 

14.5 

3.6 

2.0 

7 

13.7 

3.3 

2.2 

15.6 

3.4 

2.1 

Average 

11.1 

3.6 

1.7 

12.4 

3.8 

1.9 

1 
2 

1929             

8.2 
8.3 

3.3 
3.4 

1.3 
1.3 

8.7 
9.2 

3.3 

3.5 

1.2 

1.7 

3 

8.9 

»4.3 

1.7 

10.5 

3  4. 4 

1.9 

4 

10.5 

»4.4 

1.9 

10.8 

3  4.4 

1.6 

5 

12.8 

M.  1 

2.2 

12.4 

3  4.1 

1.5 

6 

14.0 

2.9 

2.1 

13.3 

2.9 

2.1 

7 

13.8 

2.7 

1.2 

13.7 

2.5 

.6 

10.9 

3.6 

1.7 

11.2 

3.6 

1.5 

1 
2 

1930 

8.9 
11.1 

1.9 
2.6 

1.5 
2.0 

9.6 
11.3 

2.0 
2.6 

1.9 

1.9 

3 

12.2 

2.5 

2.1 

12.2 

2.5 

2.2 

4 

12.6 

5  2.9 

1.7 

13.2 

«2.9 

1.8 

5 

13.4 

3  3.3 

3.0 

13.4 

3  3.3 

1.9 

6 

13.6 

2.6 

.9 

15.3 

2.8 

2.1 

' 

15.0 

2.9 

1.8 

13.0 

3.0 

.8 

Average - 

12.4 

2.7 

1.8 

13.0 

3.2 

1.9 

1 

1928, 1929,  and  1930.... -... 

8.7 

2.6 

1.6 

9.4 

2.8 

1.7 

2 

9.9 

3.1 

1.7 

10.6 

3.3 

1.2 

3 

10.4 

3.6 

1.6 

11.6 

4.0 

1.9 

4 

11.1 

3.9 

1.9 

12.1 

4.0 

1.9 

5 

12.6 

3.8 

2.3 

13.0 

3.9 

1.7 

6 

13.5 

2.9 

1.5 

14.4 

3.1 

2.1 

7 

14.2 

2.9 

1.7 

14.1 

2.9 

1.2 

Average    .. . 

11.5 

3.3 

1.7 

12.2 

3.4 

1.8 

See  footnotes  at  end  of  table. 
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Table  7. — Average  grain  rations  and  daily  gain  per  head,  in  pounds,  for  each  28-day 
period  during  fattening  in  dry  lot — Continued 


Period 
no. 

Lot2H 

Lot  3 

Beginning  of  experiment 

Grain 

Rough- 
age* 

Gain 

Grain 

Rough- 
age' 

Gain 

1928 

1 
2 
3 
4 
5 
6 
7 

10.2 
11.9 
11.4 
11.1 
10.6 
12.9 
13.6 

2.7 
'3.4 
J  4.  2 
M.4 
<4. 1 
3.3 
3.3 

2  3 

1  3 

1.9 

2  2 

1  3 

1  3 

2  3 

Average                    

11.7 

3.6 

1  8 

1 
2 
3 
4 
5 
6 
7 

1920 

8.6 
9.2 
9.2 
8.9 
11.1 
11.6 
13.4 

3.3 

3.3 

M.  1 

»4.2 

3  4.1 

2.9 
3.0 

1.8 
1.1 
1.4 
1.1 
1.8 
1.8 
1.1 

9.3 
9.6 
10.5 
11.0 
12.3 
13.3 
13.9 

3.1 

3.3 

'4.2 

J  4.  2 

3  4.0 

2.7 

2.6 

1.6 

1.3 
2.0 
1.7 
1.6 
2.2 
1.1 

Average  .    .. 

10.3 

3.4 

1.6 

11.4 

3.4 

1  6 

2 
3 
4 
5 

6 

7 

1930 

9.6 
11.3 
12.0 
12.7 
13.2 
13.6 
14.2 

2.0 
2.6 
2.5 
5  2. 9 
3  3.3 
2.6 
2.9 

2.1 

1.9 

2  1 

1.8 

2.4 

2  0 

1.1 

12.4 

2.7 

1.9 

1 
2 
3 

4 
6 
6 

7 



1928,  1929,  and  1930 

8.6 
9.2 
9.2 
8.9 
11.1 
11.6 
13.4 

3.3 
3.3 
4.  1 
4.2 
4.1 
2.9 
3.0 

1.8 
1.1 
1.4 
1.1 
1.8 
1.8 
1.1 

9.6 
10.8 
11.3 
11.6 
12.1 
13.3 
13.9 

2.6 
3.1 
3.6 
3.8 
3.8 
2.8 
2.9 

2.0 

1.6 
2.0 
1.8 
1.8 
1.9 
1.4 

10.3 

3.4 

1.5 

11.8 

3.2 

1.8 

»  Consisted  of  alfalfa  hay  e.xcept  when  otherwise  noted. 

1  Bilage  was  fed  the  last  4  days  of  this  period.  The  total  quantity  was  divided  by  3  to  reduce  it  to  a  dry 
basis,  and  the  result  added  to  the  total  quantity  of  hay  consumed  to  obtain  the  average  ration  of  roughage  for 
the  period.    This  method  was  followed  in  succeeding  periods  when  silage  was  fed. 

»  Silage  was  fed  throughout  the  period. 

« Silage  was  fed  the  first  22  days  of  the  period. 

*  Silage  was  fed  the  last  18  days  of  the  period. 

There  was  a  tendency  throughout  each  experiment  for  the  steers 
in  all  lots  to  consume  a  gradually  increasing  quantity  of  concentrates. 
The  quantity  of  roughages  consumed  remained  more  or  less  constant 
until  the  last  two  periods.  These  same  statements  apply  to  the  heifers 
during  their  1-year  fattening  experiment.  However,  their  average 
feed  consumption  was  sUghtly  less  than  that  of  the  steers.  The 
cattle  getting  the  ration  containing  oats  showed  a  tendency  to 
increase  their  grain  consumption  somewhat  more  rapidly  at  the 
outset  than  those  getting  the  other  rations.  However,  during  the 
latter  part  of  the  feeding  period  these  same  cattle  showed  a  tendency 
to  drop  behind  the  others,  with  the  exception  of  the  heifers,  in  feed 
consumption.  Cattle  eating  corn  as  the  only  grain  were  slowest  in 
getting  to  full  feed. 

Durmg  the  first  experiment,  cattle  in  lots  2S  and  2H  refused  a 
portion  of  the  cottonseed  cake  without  other  usual  symptoms  of  being 
"off  feed."  Cottonseed  meal  was  substituted  for  cake,  was  continued 
for  a  few  feedings,  and  then  was  gradually  replaced  by  the  cake. 
After  the  cattle  were  put  back  on  cake  no  further  trouble  was  expe- 
rienced. The  probable  causes  for  refusal  to  eat  the  cake  were  diffi- 
culty in  mastication  and  sore  mouths  during  cold  weather. 
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When  silage  was  fed,  the  steer  calves  receiving  corn  and  cottonseed 
cake  ate  somewhat  more  of  it  than  the  cattle  in  the  other  lots  of  steers. 
When,  for  some  reason  or  other,  such  as  temporary  shortage  of  water, 
the  cattle  went  off  feed,  those  in  lot  2S  were  the  first  to  return  to  full 
feed.  Cattle  in  all  lots  became  very  fat  during  the  progress  of  this 
experiment,  and  the  gains  during  the  last  periods  were  relatively  small 
and  the  appetites  somewhat  irregular. 

Lot  2S  consumed  133  pounds,  or  6  percent,  less  corn  than  lot  1, 
fed  shelled  corn  alone,  but  ate  265  pounds  of  cottonseed  cake  per 
head  during  the  196  days.  The  total  corn  consumption  per  head  by 
lot  3  for  196  days  was  709  pounds,  or  31  percent,  less  than  by  lot  1, 
but  the  former  lot  consumed  772  pounds  of  oats  in  addition  to  the  com. 
The  heifer  calves  consumed  8  percent  less  corn  and  cottonseed  cake 
per  head  than  the  steers  on  the  same  ration. 

The  average  daily  gains  per  head  by  28-day  periods,  as  shown  in 
table  7,  were  irregular  for  all  lots.  From  the  average  of  the  individual 
weights  obtained  at  the  end  of  each  28-day  period,  the  average  daily 
gain  per  head  was  calculated.  The  gain  obtained  by  one  weighing 
does  not  in  all  cases  represent  the  actual  gain  made.  This  discrepancy 
may  be  due  to  the  quantity  of  feed  and  water  consumed  immediately 
before  the  weight  was  obtained.  The  greater  the  degree  of  ''fiir' 
the  greater  would  be  the  apparent  rate  of  gain  for  that  period  with  the 
tendency  for  the  rate  to  be  less  for  the  following  period.  The  average 
rate  of  gain  for  the  196-day  dry-lot  feeding  period  differed  only  slightly 
for  all  lots  of  steers.  In  the  1929  experiment,  when  heifers  also  were 
used,  the  same  average  daily  gains  were  made  by  the  heifers  and 
steers  fed  similar  rations. 


FEED    CONSUMPTION    PER    100    POUNDS    OF    GAIN 

The  average  quantities  of  feed  consumed  per  100  pounds  of  gain  by 
28-day  periods  for  the  three  experiments  are  given  in  table  8.  There  is 
a  tendency  for  the  quantity  of  grain  required  to  produce  100  pounds 
of  gain  to  increase  as  the  fattening  period  advances,  although  table  8 
shows  some  irregularity  in  this  respect,  especially  in  the  case  of  heifers 
(lot  2H).  All  lots  with  the  exception  of  lot  1  consumed  more  grain 
per  100  pounds  of  gain  during  the  last  28-day  period  than  at  any  other 
time. 

Table  8. — Average  quantities  of  feed  consumed  per  100  pounds  of  gain  by  28-day 
periods  for  all  experiments 


Pounds  of  feed  consumed  per  100  pounds  of  gain 

Period 

Lot  1 

Lot2S 

Lot2H 

Lot  3 

Grain 

Rough- 
age I 

Grain 

Rough- 
age 1 

Grain 

Rough- 
age' 

Grain 

Rough- 
age 1 

No.  1               

587 
587 
639 
676 
646 
897 
833 

176 
182 
222 
201 
166 
196 
173 

653 
575 
603 
618 
780 
670 
1,186 

162 
177 
208 
206 
235 
143 
248 

478 
822 
662 
777 
618 
640 
1,166 

185 
293 
296 
374 
225 
159 
262 

491 
722 
662 
656 
671 
707 
976 

131 

No  2 

204 

No.  3.. 

180 

No.  4     

214 

No.  5         

209 

No.  6 

152 

No.  7... 

204 

Average  ' 

657 

187 

686 

193 

705 

244 

669 

183 

» In  obtaining  the  quantities  of  roughage  for  the  second,  third,  fourth,  and  fifth  periods,  the  quantities 
of  silage  consumed  per  100  pounds  of  gain  have  been  divided  by  3  to  reduce  them  to  a  dry  basis  and 
added  to  the  quantities  of  alfalfa  hay. 

s  Based  on  total  quantity  of  feeds  and  total  gain  for  entire  period. 
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The  average  quantities  of  feed  consumed  per  100  pounds  of  gain 
for  the  entire  fattening  period  for  each  experiment,  the  cost  of  feed 
per  100  pounds  of  gain,  and  the  final  appraised  values  for  each  lot  are 
given  in  table  9.  The  heifer  calves  (lot  2H)  consumed  45  pounds  less 
grain  per  100  pounds  of  gain  than  the  steers  (lot  2S)  on  the  same  ration. 
The  consumption  of  roughage  per  100  pounds  of  gain  by  the  two  lots 
of  calves  was  practically  the  same. 

Table  9. — Average  quantities  of  feed  consumed  and  cost  per  100  pounds  of  gain, 
and  average  final  appraised  value  of  the  calves  for  entire  fattening  period  of  the 
three  experiments 


Tiof, 

Beginning  of  experiment 

Average  quantity  of  rations 
per  100  pounds  of  gain 

Cost  of 
feed  per 

pounds 
of  gain 

Average 
final  ap- 
praised 

no. 

Grain 

Alfalfa 
hay 

Corn 
silage 

value  per 
hundred- 
weight 

1 

1928                                                     

Pounds 
(>38 
654 
673 

Pounds 

111 
190 
136 

Pounds 

87 
74 
27 

Dollars 
11.73 
11.96 
8.49 

Dollars 
14  25 

1929 

11.76 

1930 

7.75 

Average 

657 

168 

61 

10.64 

11  25 

1928 

28 

636 
750 
679 

162 
212 
138 

97 
84 
28 

12.48 
14.48 
8.80 

14.75 

1929      

12.50 

1930 

8  25 

686 

170 

70 

11.89 

11.83 

11.  OO 

1928 - 

2H 

1929 

705 

216  !              8.^ 

13.70 

11  25 

1930 

Average. 

706 

216 

85 

13.70 

11.25 

1928 

3 

647 
695 
662 

172 
185 
134 

84 
74 
27 

11.91 
11.94 
8.39 

14  50 

1929 

12  00 

1930 

8.00 

Average  ....         . -  .    

669 

163 

60 

10.63 

11.60 

At  the  close  of  each  experiment  each  lot  was  appraised  by  Kansas 
City  livestock  commission  merchants.  In  the  first  experiment  7 
steers  of  lot  2S  were  appraised  at  $15  per  hundredweight  and  3  at 
$13.75.  An  appraisal  of  $14.75  also  was  made  of  the  entire  lot.  In 
lot  3,  5  steers  were  valued  at  $14.85  per  hundredweight  and  4  at  $14, 
or  the  entire  lot  at  $14.50,  which  was  $0.25  lower  than  lot  2S.  The 
steers  in  lot  1  were  not  finished  to  so  high  a  degree  as  were  those  in 
the  other  two  lots,  and  a  lower  value  was  placed  on  them.  Five 
steers  of  this  lot  were  valued  at  $14.75  per  hundredweight  and  4 
at  $13.75,  or  the  entire  lot  at  $14.25.  In  the  first  experiment  the 
spread  between  lot  1  and  the  other  lots  of  steers  was  $0.25  less  at  the 
end  of  the  diy-lot  period  than  it  was  at  the  end  of  the  suckUng  period. 

At  the  end.  of  the  second  and  third  experiments  the  calves  in  each 
lot  were  appraised  collectively.  During  the  dry-lot  period  of  the 
second  experiment  the  difference  between  the  prices  of  lot  3  and  lot 
2S  decreased  from  $0.75  to  $0.50  per  hundredweight.  Lot  1  gained 
less  rapidly  during  the  dry-lot  period  than  did  lot  3,  was  therefore  not 
so  highly  finished  at  the  close,  and  was  valued  $0.25  lower  per  hun- 
dredweight. 

Steer  calves  fed  a  grain  ration  of  corn  and  cottonseed  cake  (lot  2S) 
obtained  a  higher  degree  of  finish  and  their  average  value  for  the  three 
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experiments  was  $0.33  per  hundredweight  higher  than  lot  3,  receiving 
a  grain  ration  of  corn  and  oats.  The  calves  receiving  a  grain  ration 
of  corn  alone  were  appraised  $0.25  per  hundredweight  lower  than 
calves  fed  corn  and  oats. 

The  feed  cost  of  100  pounds  of  gain  was  $0.78  higher  for  the  steers 
fed  corn  and  cottonseed  cake  than  for  the  heifers.  But  the  advantages 
in  feed  requirements  were  more  than  offset  by  the  $1.25  higher 
appraised  value  of  the  steers.  The  heifers  were  rougher  than  the 
steers  and  too  heavy  for  cattle  of  their  sex  to  seU  to  the  best  advantage. 

CREEP  FEEDING  OF  CALVES 

Since  there  may  be  considerable  trouble  in  getting  the  calves  to  eat 
satisfactorily  when  creep  fed,  the  following  observations  made  in  con- 
ducting these  experiments  are  included. 

A  desirable  location  for  a  creep  is  near  the  watering  place  and  the 
shade  used  by  all  the  cattle.  When  a  creep  is  so  located,  calves  learn 
more  readily  to  eat.  The  cattle  go  to  water  at  least  once  a  day,  and 
if  the  weather  is  warm  they  will  spend  considerable  time  in  the  shade. 
If  the  creep  is  near  both  of  these  places,  calves  60  days  old  usually 
begin  to  eat  grain  within  a  week.  If  the  arrangement  suggested  can- 
not be  made,  feeding  a  little  hay  near  the  creep  each  day  will  draw 
the  cows  so  near  that  the  calves  will  go  into  the  creep.  This  may  have 
to  be  done  for  perhaps  2  weeks.  In  case  it  is  not  advisable  to  feed 
hay,  the  cattle  may  be  herded  around  the  creep  for  a  short  time  each 
day  until  the  calves  come  up  of  their  own  accord,  and  go  to  the  creep 
about  the  same  time  each  day.  At  first  they  may  go  to  the  creep 
only  once  a  day,  but  after  they  have  been  eating  for  a  month  or  so 
they  usually  go  regularly  about  twice  daily  and  later  they  may  visit 
the  creep  4  or  5  times  a  day. 

Unless  almost  ideal  conditions  exist  for  locating  a  creep,  it  is  advis- 
able to  separate  the  calves  from  the  cows,  keep  feed  before  the  calves, 
and  turn  the  cows  in  with  the  calves  twice  a  day  for  nursing.  The 
maximum  finish  at  weaning  time  is  obtained  by  this  method. 

SUMMARY  AND  CONCLUSIONS 

In  creep-feeding  experiments  carried  on  for  3  years,  steer  calves  fed 
a  grain  mixture  consisting  of  8  parts,  by  weight,  of  shelled  corn  and 
1  part  of  cottonseed  cake  made  7.5  percent  greater  total  gain  for  a 
period  of  140  days  previous  to  weaning  than  calves  fed  shelled  corn 
alone.  The  calves  receiving  corn  and  cottonseed  cake  also  made  8.7 
percent  more  gain  than  calves  fed  a  grain  mixture  of  2  parts  of  shelled 
corn  and  1  part  of  oats. 

The  calves  fed  shelled  corn  alone,  however,  were  more  economical 
in  production  of  beef  during  the  nursing  period,  as  they  produced  100 
pounds  of  gain  for  each  177  pounds  of  grain  fed,  whereas  the  steer 
calves  fed  corn  and  cottonseed  cake  and  corn  and  oats  required  199 
and  251  pounds  of  grain,  respectively,  for  each  100  pounds  of  gain. 

At  the  end  of  140  days  of  creep  feeding  (weaning  time),  the  steer 
calves  fed  corn  and  cottonseed  cake  were  appraised  at  approximately 
50  cents  per  100  pounds  more  than  the  calves  fed  either  shelled  corn 
alone  or  those  fed  corn  and  oats.  This  increased  value  considerably 
more  than  offset  that  of  the  extra  feed  consumed. 
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Experiments  carried  on  for  2  years  in  feeding  heifer  calves  shelled 
com  and  cottonseed  cake  in  creeps  showed  the  ^ains  of  heifers  to  be 
about  4  percent  less  than  those  of  steers  fed  similarly,  but  the  ap- 
praised sales  values,  per  100  pounds,  of  the  two  lots  were  the  same  at 
weaning  time.  The  heifers,  however,  consumed  about  24  percent 
more  grain  per  100  pounds  of  gain  in  weight. 

In  creep  feeding  calves,  these  experiments  showed  that  although  the 
addition  of  oats  to  a  shelled-corn  ration  resulted  in  practically  the 
same  gains  and  appraised  value  per  100  pounds  of  live  weight  as  when 
corn  alone  was  fed,  the  grain  consumption  per  100  pounds  of  gam  was 
considerably  higher  with  the  former  ration.  The  addition  of  cotton- 
seed cake,  however,  was  advantageous  primarily  because  the  calves 
receiving  this  ration  had  the  greatest  degree  of  bloom,  which  resulted 
in  the  highest  appraised  value. 

In  the  dry-lot  fattening  experiments  of  196  days  each  immediately 
after  weaning,  there  were  no  significant  differences  in  total  gains  made 
by  the  three  lots  of  steer  calves  fed  the  same  type  of  ration  as  they 
received  previous  to  weaning.  Steers  fed  corn  and  cottonseed  cake, 
however,  were  the  heaviest  at  the  end  of  the  experiment,  but  most 
of  the  difference  was  due  to  the  greater  gain  during  the  creep-feeding 
experiment. 

The  quantity  of  grain  required  per  100  pounds  of  gain  during  the 
dry-lot  fattening  period  was  slightly  less  in  the  case  of  shelled  com 
alone  than  in  the  case  of  corn  and  cottonseed  meal. 

The  addition  of  oats  to  a  shelled-corn  ration  increased  the  sales 
values  of  the  animals  slightly,  but  there  was  practically  no  difference 
in  the  feed  requirements  per  100  pounds  of  gain  or  in  the  gain  in 
weight  during  the  dry-lot  fattening  period. 

A  1-year  dry-lot  fattening  experiment  with  heifers  fed  corn  and 
cottonseed  cake  indicated  that  approximately  the  same  gain  can  be 
made  by  heifers  as  by  steers  fed  similarly  for  196  days  following  wean- 
ing, but  that  more  feed  is  required  per  100  pounds  of  gain  by  heifers 
and  their  sales  value  tends  to  decrease,  owing  perhaps  to  unevenness 
of  finish. 
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INTRODUCTION 

To  any  one  concerned  with  the  gcrowing,  ginning,  marl^eting,  and  , 
spinning  of  cotton,  neps  constitute  a  problem  of  great  importance, 
for  the  presence  of  these  tangled  knots  of  fibers  in  ginned  Unts  and 
yarns  influences  the  quality  and  value  of  these  materials.  The  pres- 
ence of  neps  in  the  yarn  is  i\  serious  problem.  When  woven  into 
cloth,  a  neppy  j^arn  produces  a  fabric  with  many  imperfections. 
Frequently  the  neps  do  not  dye  properly  and  therefore  appear  as  light 
specks  on  a  dark  background  (pi.  1,  G) ;  or,  even  if  properly  dyed,  they 
produce  irregularities  that  ma}^  be  very  conspicuous  (pi.  1,  H  and  I). 

In  order  to  spin  a  yarn  of  good  quality  as  economically  as  possible, 
it  is  necessary  that  the  manufacturing  machinery  be  in  good  condition, 
properly  adjusted,  and  efficiently  operated.  It  is  equall}^  necessary 
that  the  cotton  lint  selected  be  of  high  spinning  quaUty,  and  neps 
are  one  of  several  factors  determining  the  spinning  quality,  and 
therefore  the  value,  of  raw  cotton. 

A  neppy  lint  presents  many  problems  to  the  cotton  manufacturer. 
If  the  neps  are  not  to  appear  in  the  finished  yarn,  they  must  be 
removed  and  their  removal  is  difficult  and  frequently  impossible  to 
accomplish. .  Moreover,  the  attempts  to  extract  neps  during  the 
carding  and  combing  processes  remove,  at  the  same  time,  a  certain 
quantity  of  good  fiber,   thus  increasing  the  percentage  of  visible 

'  This  stud  y  Is  one  of  a  series  in  the  program  of  work  of  the  Cotton  Utility  and  Standards  Research  Section 
under  the  leadership  of  R.  W.  Webb. 

'Appreciation  for  sami)les  and  information  is  expressed  to  F.  L.  Gerdes  and  to  M.  E.  Campbell,  respective 
leaders  of  the  section's  iiinnine  and  spinning  projects;  to  O.  L.  Crawford,  leader  of  the  division's  south- 
western irrigated  cotton  (juality  ijroject;  and  to  C.  A.  Bennett,  engineer  in  charge  at  the  experimental  gin. 
of  the  Bureau  of  Agricultural  Engineering. 
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waste  and  the  cost  of  production.  In  addition,  neps  may  be  more 
or  less  responsible  for  the  end  breakage  that  occurs  during  spinning. 
The  resulting  machine  stoppage  entails  an  increase  in  labor  costs. 

Neppiness  in  ginned  lint  is  one  of  several  quaUty  elements  involved 
in  the  standardization  and  utilization  of  cotton  that  are  induced  by 
ginning  or  its  associated  processes.  Neps  in  ginned  lint  are  usually 
considered  evidence  of  bad  ginning  practices.  Poorly  ginned  Unt 
is  described  as  having  ''poor  preparation"  or  as  being  ''gin  damaged.'* 
Gin-damaged  cotton  is  very  undesirable.  It  contains  excessive 
waste  and  presents  manufacturing  difficulties,  thereby  increasing 
production  costs.  Moreover,  the  yarn  that  is  finally  produced  is  likely 
to  be  irregular  and  weak. 

Recent  complaints  made  to  the  Department  of  Agriculture  and 
elsewhere,  by  foreign  and  domestic  manufacturers,  allege  that  neppi- 
ness and  poor  preparation  occur  in  American  cotton  more  often  than 
is  necessary.  These  complaints  concerning  the  quality  of  the  Ameri- 
can cotton  crop,  together  with  a  need  for  more  definite  and  extensive 
knowledge  concerning  the  quality  elements  involved  in  the  standardi- 
zation of  cotton  for  marketing  purposes,  impelled  the  Department  of 
Agriculture  to  take  the  necessary  steps  to  obtain  all  possible  informa- 
tion pertaining  to  cotton  quality  and  its  improvement.  The  cotton- 
ginning  investigations  of  the  Department,  the  major  responsibihties 
of  which  are  handled  jomtly  by  the  Bureaus  of  Agricultural  Engineer- 
ing and  Agricultural  Economics,  have  been  designed  to  obtain  basic 
information  that  would  be  of  assistance  in  formulating  ways  and 
means  of  improving  the  quality  of  the  American  cotton  crop  through 
the  processes  of  conditioning,  extracting,  cleaning,  and  ginning  (15).^ 
An  extensive  study  of  neps  and  neplike  structures  has  been  undertaken 
as  a  fundamental  part  of  the  experimental  ginning  program. 

Apparently,  neps  are  first  forriied  in  appreciable  quantities  during 
the  ginning  of  the  cotton  but  they  may  be  decreased  or  increased  in 
number  during  the  process  of  converting  raw  cotton  into  yarn. 
There  are  many  opinions  as  to  how  and  why  neps  develop.  Certain 
types  of  cotton  are  characterized  as  being  inherently  "neppy''  (4, 
16).  In  fact,  there  is  a  fairly  popular  opinion  that  neps  occur  in 
seed  cotton.^ 

It  is  thought,  too,  that  environmental  conditions  play  an  important 
part  in  determining  the  predisposition  of  a  cotton  to  form  neps  (2,  pp. 
4-5;  3 J  5,  12).  The  criticism  has  been  made,  moreover,  that  certain 
methods  of  conditioning,  cleaning,  and  ginning  nep  the  cotton  (5,  ^,  ^, 
12,  23).  The  process  of  carding,  which  in  general  is  expected  to  rid 
the  lint  of  neps,  actually  adds  many  {6) ,  the  number  being  influenced 
by  the  adjustments  and  condition  of  the  card  (5, 11).  And,  according 
to  studies  made  on  slivers,  rovings,  and  yarns,  still  more  neps  may 
be  added  to  the  cotton  as  it  passes  through  the  machines  previous 
to  actual  spinning  (fig.  1). 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  17. 

«  Although  examinations  of  seed  cotton  have  been  insufficient  to  justify  the  statement  that  neps  do  not 
occur,  the  present  investigation  has  brought  forth  no  evidence  to  support  a  view  that  neps  do  occur  to  any- 
important  extent  in  seed  cotton  before  it  is  handled.  Many  locks  from  both  irrigated  and  rain-grown 
varieties  of  cotton  have  been  examined,  and  although  tiny  tangles  could  be  found  after  a  slight  manipulation 
of  the  fibers  with  the  fingers,  it  is  questionable  whether  these  tangles  existed  before  manipulation.  Balls 
(fi,  p.  19)  states  that  "nep  does  not  exist  in  the  living  boll,  but  is  made  by  handling,  by  ginning,  and  espe- 
cially by  the  carding  machine,  from  hairs  with  unduly  thin  walls. "  He  does  admit,  however,  the  possibility 
of  neps  being  formed  "even  without  handling,  in  the  act  of  drying,  on  the  plant  in  the  field." 


Tech.  Bui.  3%.  U.S.  Dept.  of  Agriculture 


Plate  i 


'<>«'*^ -wL  .^y J^H^^^M^" " ^ 

^^^ 

F 

^^                          ^^e        .^__— — — '  ^ 

■■ 

6 

B    ^^^ — -y 

''                                    E 

■•■■' 

[..      : 

\ 

H 

1 

I 

C  JW-'"0^ 

•■■■■..■ ^-..-,~.- 

1 

:: 

"""« 

A.  Ginned  lint  showing  neps  a,  and  fragments  oi  seed  coat  b.  B,  Portion  of  card  sliver  separated  to  show 
neps  a  and  seed-coat  fragments  h.  C,  Portion  of  fine  frame  roving  containing  a  nep  a.  D,  Portion  of 
fine  frame  roving  containing  a  fragment  of  .seed  coat  n.  E,  Pieces  of  yarn  with  neps  e,f,  and  g,  and  seed- 
coat  fragments  a,  b,  c,  and  d.  F,  Cloth  with  a  conspicuous  fragment  of  seed  coat  a.  O,  Cloth  with  neps 
that  did  not  dye  (light  specks,  a).  II  and  I,  Clotn  with  conspicuous  dyed  ueps  a.  All  figures  two- 
thirds  natural  size. 
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Therefore,  it  would  appear  that  the  neps  present  in  a  given  sample 
may  be  the  result  of  the  combined  influence  of  at  least  two  main  fac- 
tors: The  specific  characteristics  of  the  particular  cotton  and  the  type 
of  treatment  it  has  received. 


TYPE 
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FiorRB  1.— Number  of  neps  per  fjram  into  which  each  fiber  type  enters.  In  general,  the  thin-walled  fibers 
enter  into  the  greatest  number  of  neps  and  thick-walled  fibers  into  the  least,  neps  that  possess  medium- 
walled  or  1x17.7.  fibers  being  intermediate  in  number.  The  thin-walled  fibers  knot  up  alone  into  neps 
much  more  readily  than  do  the  medium-walled,  thick-walled,  or  Ixxii  fibers.  The  number  of  neps  appears 
to  be  increased  during  the  manufacturing  processes. 
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In  addition  to  the  tangled  knots  of  fibers  there  occur  in  ginned  lints^ 
slivers,  rovings,  and  yarns  other  small  particles  that  are  similar  to  neps 
in  size  and  general  appearance  and  are  equally  imdesirable.  The  exact 
nature  of  these  small  imperfections  frequently  can  be  ascertained  only 
by  means  of  a  microscopic  examination.  Since  in  general  usage  the 
term  '*nep"  designates  only  small  tangled  knots  of  fibers  (17) y  these 
structures  are  not,  strictly  speaking,  neps.  It  is  true  that  occasionally 
in  a  discussion  of  neps,  structures  other  than  the  small  fiber  tangles 
are  included  under  the  term.  Summers,  for  example  (24,  p.  T325)y 
considers  neps  in  yarn  to  be  all  those  faults  that  are  due  to  the  presence 
"of  any  fiber  or  material  other  than  the  normal  cotton  fiber."  Midgley 
{18)  designates  as  "  'fuzz'  neps"  tiny  fragments  of  seed  coat  with  the 
attached  fuzz  fibers.  It  is  questionable  whether  or  not  the  neplike 
structures  should  be  included  under  the  term  "nep",  but  their  inclu- 
sion along  with  a  general  consideration  of  neps  seems  reasonable  since 
they  resemble  neps  in  size  and  general  appearance  and  they  are  present 
in  ginned  lints  as  a  result  of  conditions  existing  in  the  seed  cotton; 
moreover,  the  numbers  of  certain  of  these  particles  occurring  in  ginned 
lint  appear  to  be  influenced  to  a  certain  extent  by  methods  of  condi- 
tioning and  ginning  the  seed  cotton. 

A  thorough  study  of  neps  involves  a  consideration  of  two  problems: 
(1)  The  type  of  neps  and  similar  imperfections  that  may  be  formed  in 
cotton  during  its  ginning  and  its  manufacturing  into  yarn  and  (2)  the 
relationship  of  the  types  and  their  abundance,  (a)  to  specific  charac- 
teristics of  the  seed  cotton,  and  {h)  to  the  action  of  different  machines, 
organizations,  and  practices  employed  during  commercial  and  experi- 
mental ginning  and  spinning. 

The  present  discussion  concerns  itself  primarily  with  a  description 
and  classification  of  the  neps  and  neplike  structures  that  have  been 
found  in  ginned  lints,  in  certain  intermediate  products  of  its  manufac- 
ture, and  in  yarns;  and  with  a  general  consideration  of  some  of  the 
factors  that  may  play  a  part  in  the  formation  of  such  small  but  objec- 
tional  structures  and  imperfections. 

MATERIALS  AND  METHODS 

The  greater  part  of  the  materials  used  for  this  study  consisted  of: 
Ginned  lints  from  ginning  tests  that  had  been  performed  at  the  experi- 
mental ginning  plant  of  the  United  States  Department  of  Agriculture, 
Stoneville,  Miss. ;  raw  stocks,  slivers,  rovings,  and  yarns  from  spinning 
tests  which  were  made  by  the  Bureau  of  Agricultural  Economics, 
IJnited  States  Department  of  Agriculture,  in  cooperation  with  the 
Textile  Department  at  Clemson  College,  South  Carolina;  and  a  few 
commercial  samples  that  were  submitted  to  the  laboratory  for  analysis. 

The  detailed  data  presented  in  this  discussion  are  derived  from  a 
study  of  nine  cottons,  designated  as  A,  B,  C,  D,  E,  F,  G,  H,  and  I;  the 
lints  of  these  cottons  had  been  classed  according  to  staple  length  as 
l%2,  1,  1+,  1^6,  l/s,  iKe,  l/s,  l/8,and  IK32 inches,  respectively.  Cot- 
tons A,  B,  C,  and  F  are  Acala  cottons  that  were  grown  in  the  irrigated 
section  of  the  Southwest ;  cottons  D,  E,  and  G  are  rain-grown  varieties 
of  upland  cotton;  cottons  H  and  I  are  from  samples  of  two  commercial 
cottons  grown  in  the  irrigated  section  of  the  Southwest,  that  were 
suTbioitfeea  to  the  laboratory  for  analysis. 


Tech.  Bui.  3%.  U.S.  Dept.  of  Agriculture 


Plate  2 


A,  B,  r.  Motes,  four-fifths  natural  size.  D,  Lock  of  cotton  with  compressed  mat  of  fibers,  four-fifths 
natural  size.  K,  Lock  showini;  diseased  area,  four-fifths  natural  size.  F,  Portion  of  a  see<i  .showing  the 
fragmentation  of  tl>e  chalazal  end  of  the  seed,  X  7.  G,  Fragment  from  the  chalazal  end  of  tiie  seed  coat 
with  attached  fibers,  X  7. 
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The  detailed  studies  were  carried  out  upon  small  portions  selected 
from  large  samples  of  lints,  slivers,  rovings,  and  yarns  that  had  been 
sent  to  the  laboratory  for  analyses.  The  small  samples  of  ginned  hnts 
were  made  by  taking  small  pulls  from  12  places  on  the  large  labora- 
tory sample,  the  resulting  composite  sample  weighing  from  3  to  5 
grams;  samples  for  the  study  of  slivers  and  rovings  were  made  by 
taking  short  lengths  from  several  places  on  the  large  laboratory 
sample,  the  selected  portions  usually  weighing  from  0.5  to  2.0  grams. 
All  selected  samples  w^ere  conditioned  at  70°  F.  and  65  percent  relative 
humidity  for  at  least  24  hours,  and  were  then  weighed.  Each  sample 
was  carefully  teased  apart  with  forceps,  and  all  small  definite  fiber 
knots  or  small  particles  other  than  bits  of  foreign  matter  were  picked 
out  and  the  adhering  fibers  were  carefully  pulled  away ;  the  remaining 
structures  were  then  examined  microscopically  and  classified  (table 
1,  p. 9).  Yam  was  examined  as  it  was  unwound  from  the  bobbin; 
after  being  examined,  the  studied  portions  were  conditioned  and 
weighed.  The  yam  was  not  unraveled,  and  only  the  neps  and  similar 
imperfections  that  appeared  on  the  surface  or  that  were  sufficiently 
large  to  cause  a  bulge,  were  examined  and  counted. 

The  neps  were  classified  according  to  the  types  of  fibers  that  entered 
into  their  composition,  w^hich  method  of  classification  will  be  dis- 
cussed in  detail  later.  The  data  obtained  were  used  to  estimate  the 
importance  of  different  fiber  types  in  nep  formation  and  to  calculate 
the  number  of  neps  and  similar  structures  per  gram  of  material 
examined. 

OBSERVATIONS  AND  DISCUSSION 

The  classification  of  neps  and  similar  structures  developed  as  a 
result  of  this  study  has  been  entitled,  for  lack  of  a  more  inclusive 
term,  a  "nep  classification."  Thus  the  phrase  "total  nep  content" 
includes  the  neplike  structures  as  well  as  the  tangled  knots  of  fibers. 
However,  for  discussional  purposes,  the  term  nep^  is  applied  to  small 
aggregates  of  fibers  tangled  together  to  a  degree  that  is  sufficient  to 
allow  the  entire  knot  to  be  separated  from  the  surrounding  fiber  mass. 

GENERAL  CLASSIFICATION  OF  SMALL  IMPERFECTIONS 

The  majority  of  the  small  imperfections  occurring  in  ginned  lints, 
slivers,  rovings,  and  yarns  can  be  divided  into  two  definite  groups: 
Neps  proper — which  consist  only  of  entangled  fibers  (pi.  3,  L)  and 
fragments  of  seed  coat  with  the  fibers  stdl  attached  (pi.  4,  H).  A  small 
percentage  of  the  imperfections  fall  outside  these  two  groups.  Occa- 
sionalJy  knots  are  found  that  have  been  made  by  long  fibers  becoming 
tightly  twisted  around  tiny  fragments  of  seed  coat  or  around  bits  of 
foreign  matter  such  as  leaf  trash  or  the  stellate  hairs  from  the  surface 
of  the  cotton  plant.  Other  small  particles  have  been  found  to  be 
fragments  from  brittle,  compressed  fiber  masses  (pi.  2,  D;  pi.  3,  B) 
or  from  dried,  diseased  areas,  (pi.  2,  E;  pi.  3,  A). 

All  of  these  imperfections  have  originated  in  some  manner  from 
the  seed  cotton  itself;  no  foreign  matter  is  included  except  the  small 
particles  around  which'fibers  may  have  become  tightly  knotted. 

*  A  distinction  is  made  between  neps  and  naps,  the  term" nap"  being  used  to  designate  the  large  clumps 
or  matted  masses  of  fibers  occurring  in  ginned  lint  (It,  15). 
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It  is  the  current  opinion  that  neps  are  made  up  chiefly  of  thin- 
walled  fibers.  Balls  (6),  Bowman  (7),  Butterworth  (8),  Clegg  (9), 
Clegg  and  Harland  (11),  Monie  {19),  and  Walen  (25),  observed  that 
neps  consist  largely  of  thin-walled  fibers  with  occasional  mature  or 
thick- walled  fibers  entangled  with  them.  In  the  study  here  reported 
several  thousand  neps  were  examined,  and  although  thin-walled 
fibers  appeared  most  abundantly  in  the  knots,  other  types  of  fibers 
were  found  to  be  entangled  also  (pi.  4,  A,  B,  C,  and  F).  As  a  result  of 
these  observations  it  was  concluded  that  a  workable  scheme  for 
classifying  neps  could  be  developed  by  using  the  type  or  types  of 
fibers  entering  into  the  composition  of  the  individual  neps  as  a  basis 
for  the  classification. 

To  develop  such  a  scheme  it  was  necessary  to  decide  upon  a  system 
for  classifying  the  types  of  fibers  that  may  be  found  in  neps.  A 
study  of  the  fibers  occurring  on  the  seed  and  in  the  ginned  lints  of 
several  cottons  showed  that  it  would  be  impracticable  to  attempt  to 
make  exact  measurements  for  the  purpose  of  classifying  the  fibers, 
but  that  it  would  be  possible  to  divide  roughly  into  three  groups  the 
bulk  of  the  fibers  that  are  removed  from  the  seed  by  ginning,  using  as 
a  basis  for  this  division  the  degree  to  which  the  thickening  of  the 
secondary  waU  has  taken  place.  This  degree  of  thickening  is  defined 
by  Peirce  (21,  p.  9)  as  the  'Vail  thickness  divided  by  the  radius." 

Classifying  fibers  according  to  thickness  of  fiber  wall  is  the  method 
most  commonly  used,  although  the  classes  have  been  variously  named. 
For  example,  the  Shirley  Institute  {1,  p.  97)  terms  the  three  divisions 
normal  cotton,  thin-walled  cotton,  and  immature  or  ''dead"  cotton. 
In  this  study  the  three  groups  are  designated  as:  Tliick-walled  fibers, 
medium-walled  fibers,  and  thin-walled  fibers.  In  general,  the  thick- 
walled  fibers  have  walls  relatively  thick  in  proportion  to  the  ribbon 
width  and  have  well-defined  convolutions  (pi.  3,  K).  Thin-walled 
fibers  are  usually  transparent  and  ribbonhke,  possessing  Httle  or  no 
secondary  wall  deposition  (pi.  3,  H  and  I).  Fibers  that  are  inter- 
mediate between  these  two  extremes  as  regards  wall  thickness  con- 
stitute the  intermediate  group,  or  medium-walled  fibers  (pi.  3,  J).* 

Fuzz  fibers  constitute  another  fiber  type.  These  fibers  are  short 
and  usually  very  tliick-walled,  irregularly  turned,  and  twisted  (pi. 
3,  G).  They  occur  in  various  proportions  on  the  seeds  of  most  varie- 
ties of  cotton,  and  their  number  in  ginned  lint  is  determined  not  only 
by  the  number  originally  present  on  the  seed  but  by  the  closeness 
with  which  the  cotton  is  ginned.  They  may  be  found  in  neps  and 
therefore  are  here  considered  as  forming  a  fourth  fiber  group. 

It  is  realized  that  this  classification  does  not  represent  four  well- 
defined  groups  and  that  consequently  it  is  a  matter  of  personal  opinion 
into  which  division  a  given  fiber  should  be  grouped.  It  is  not  within 
the  province  of  this  bulletin  to  consider  the  methods  employed  by 
various  investigators   to   measure   and   define   the   degree   of  fiber 

«  Since  the  border-line  cases  between  the  thick-walled  and  medium-walled  fiber  groups  are  the  most 
difficult  to  classify,  a  number  of  fiber  measurements  were  made  to  aid  in  establishing  a  "mental  standard" 
for  these  two  groups  of  fibers.  Fibers  from  cottons  representing  several  staple  lengths  were  measured. 
Although  sufficient  measurements  have  not  been  made  to  justify  the  establishment  of  a  fiber  classification 
based  on  exact  fiber  measurements,  in  general,  it  was  found  that  fibers  classed  as  thick-walled  possessed  a 
ratio  of  3  to  1  or  less  between  the  ribbon  width  and  the  combined  thickness  of  the  two  walls  as  measured  at 
tlM  widest  portion  between  two  twists. 
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A,  Fragment  from  a  diseased  area  (pi.  2,  E)  in  pinned  lint,  X  9.  B,  Mass  of  compressed  thiu-walled  flber.< 
in  ginned  lint,  X  9.  C,  Abnormality,  X  63.  I),  Nep  from  second  drawing  frame  sliver,  X  27.  K, 
Abnormality,  X  62.  F,  Abnormality,  X  120.  (},  Portion  of  a  fuzz  fiber,  X117.  H,  Portion  of  a  thin- 
walled  fiber  from  a  mote,  X  117.  I,  Portion  of  a  thin-walled  fiber  from  a  mature  seed,  X  117.  J,  Por- 
tion of  a  medium-walled  fiber,  X  117.  K,  Portion  of  a  thick-wailed  fiber,  X  117.  L,  Nep  from  ginned 
lint,  X9. 
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maturity  as  represented  by  the  thickness  of  the  secondary  wall. 
The  purpose,  here,  is  to  present  a  simple  outline  for  classifying  rapidly 
the  types  of  fibers  that  may  be  found  in  neps.  Enough  fibers  and 
neps  from  various  cottons  were  examined,  however,  to  justify  the 
conclusion  that,  for  the  purposes  of  this  problem,  this  classification 
is  sufficiently  accurate. 

Using  these  four  fiber  types  as  a  basis,  the  following  scheme  of 
classification  was  developed,  15  kinds  of  neps  being  differentiated 
according  to  the  type  or  types  of  fibers  that  enter  into  the  tangle. 

NEP    CLASSIFICATION 

Neps  proper— entangled  fibers  only: 

Thick-walled  fibers  only 

Medium-walled  fibers  only 

Thin-walled  fibers  only 

Fuzz  fibers  only 

Thick-  and  medium-walled  fibers 

Thick-  and  thin-walled  fibers 

Medium-  and  thin-walled  fibers 

Thick-,  medium-,  and  thin-walled  fibers 

Thick-walled  and  fuzz  fibers 

Medium-walled  and  fuzz  fibers 

Thin-walled  and  fuzz  fibers 

Thick-  and  medium-walled  and  fuzz  fibers 

Thick-  and  thin-walled  and  fuzz  fibers 

Medium-  and  thin-walled  and  fuzz  fibers 

Thick-,  medium-,  and  thin-walled  and  fuzz  fibers 
Fragments  of  seed  coat: 

Fragments  of  mature  seeds 

Fragments  of  motes 
Fragments  of  seed  coat  and  entangled  fibers 
Foreign  matter  and  entangled  fibers 
Fragments  from  compressed  fiber  masses 
P'ragments  from  dried  diseased  areas 

The  number  of  fibers  of  each  type  entering  into  a  nep  is  not  con- 
sidered in  the  scheme.  Such  information  would  be  desirable,  but  it 
was  found  to  be  practically  impossible  to  separate  the  individual 
fibers  and  be  certain  that  none  of  them  was  broken  in  the  process. 
Moreover,  a  consideration  of  fiber  numbers  would  result  in  an 
unwieldy  system  of  classification.  Therefore,  a  nep  that  contained 
many  thin-walled  fibers  and  a  few  fuzz  fibers  was  classified  no  dif- 
ferently from  one  containing  many  fuzz  fibers  and  only  a  few  thin- 
walled  ones. 

Although  the  classifications  of  fibers  and  neps  here  described  are 
based  on  observations  made  on  a  limited  number  of  cottons,  it  is 
reasonable  to  suppose  that  they  may  be  applied  to  most  cottons.  By 
using  this  nep  classification  in  the  study  of  a  particular  cotton  it 
should  be  possible  to  learn  what  relationship,  if  any,  the  number  and 
type  of  neps  developed  bears  (1)  to  the  proportions  in  which  the 
various  fiber  tj^pes  occur  on  the  seed,  and  (2)  to  such  measurable 
properties  of  the  fibers  as  length,  fineness,  etc. 

Certain  investigators  have  attempted  to  distinguish  between  the 
type  of  nep  that  is  formed  during  ginning  and  the  type  developed  dur- 
ing the  manufacturing  of  yam.  Bowman  (7)  and  Monie  (19)  consider 
two  classes  of  neps:  Natural  neps  which  occur  in  ginned  lint  and 
artificial  neps  which  are  produced  during  the  manufacturing  processes. 
Bowman  (7)  describes  the  natural  neps  as  consisting  of  short,  compara- 
tively whole,  thin-walled  fibers,  whereas  the  artificial  neps  are  made 
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up  of  fiber  fragments.  Monie  (19,  p.  131)  states  that  when  immature 
fibers  are  removed  from  the  seed  'Hhey  contract,  curl  up,  and  in  this 
condition  entwine  and  firmly  attach  themselves  to  the  good  fiber'' 
forming  "white  specks  or  excrescences  on  the  surface  of  the  fibers." 
These  excrescences  he  terms  ''natural  'neps'."  No  illustrations  are 
given  and  it  is  difficult  to  interpret  exactly  what  is  meant.  He  does 
not  discuss  the  structure  of  artificial  neps. 

Smumers  {24-j  p.  T32S),  in  discussing  neps  in  yarn  excludes  "the 
so-called  'nep'  formed  in  the  card  from  normal  cotton  by  faulty 
setting  and  grinding." 

Walen  (25)  describes  the  neps  of  yarn  as  being  smaller,  harder, 
and  tighter  tangles  than  are  those  occurring  in  the  bale  or  in  the 
picker  lap. 

It  is  to  be  expected  that  the  neps  produced  during  the  manufac 
turing  of  yarn  will  possess  more  broken  fibers  than  will  the  neps  occur- 
ring in  ginned  lint,  for  many  of  the  weak  fibers  are  broken  during  the 
carding  and  drawing  processes.  It  is  also  true  that  neps  in  ginned 
lint  are,  on  the  whole,  larger  and  somewhat  more  loosely  knotted  than 
are  the  neps  in  yarn;  yet  many  neps  may  be  found  in  the  lint  which 
are  impossible  to  tease  apart  without  breaking  the  fibers.  Neverthe- 
less, the  present  studies  give  little  or  no  basis  for  concluding  that  there 
is  any  essential  difference  between  the  neps  occurring  in  ginned  lint 
and  those  found  in  the  products  of  the  manufacturing  processes. 

SOME  FACTORS  AFFECTING  NEP  FORMATION 

The  following  discussion  does  not  attempt  to  cover  in  detail  the 
subject  of  factors  affecting  nep  formation,  but  rather  to  consider 
briefly  some  points  regarding  the  formation  of  neps  that  were  brought 
out  in  the  study  of  neps  in  these  particular  cottons.  To  what  extent 
the  conclusions  derived  from  these  observations  may  be  true  also  of 
other  cottons  can  be  determined  only  by  applying  a  similar  method 
of  study  to  those  cottons. 

One  of  the  points  most  strikingly  brought  forth  as  a  result  of  this 
study  is  the  relative  importance  of  the  various  fiber  types  in  nep 
formation. 

All  the  neps  occurring  in  the  samples  studied  were  examined 
microscopically  and  were  classified  according  to  the  kind  or  kinds 
of  fibers  that  entered  into  their  composition;  that  is,  they  were 
classified  as  to  whether  they  consisted  of  thin-walled  fibers  alone, 
thick-walled  and  thin-waUed  fibers,  thin-walled  and  fuzz  fibers,  etc., 
each  different  fiber  combination  being  considered  a  nep  type  (Nep 
classification,  p.  7).  For  each  sample  the  number  of  nep  types  was 
counted  and  the  data  were  used  to  ascertain  the  number  of  neps 
into  which  each  kind  of  fiber  entered  (table  1).  This  number  was 
obtained  by  counting  every  nep  that  included  the  fiber  type  in  ques- 
tion, either  alone  or  in  combination  with  other  types  of  fibers.  Conse- 
quently, neps  composed  of  more  than  one  fiber  type  were  counted 
once  for  every  type  of  fiber  entering  into  the  tangle;  for  example, 
a  nep  composed  of  both  thin-walled  and  fuzz  fibers  was  counted  once 
as  a  nep  containing  thin-walled  fibers  and  again  as  a  nep  containing 
fuzz  fibers. 

The  numbers  per  gram  of  neps  containing  each  fiber  type  as  well 
as  the  numbers  per  gram  of  neps  composed  only  of  one  fiber  type 
were  then  calculated. 
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Table  1. — Laboratory  analysis  of  the  nep  content  of  a  cotton  sample 

(Number  of  sample,  14;  kind  of  sample,  yarn;  weight  of  sample,  2.2761  grams] 

ANALYSIS  OF  TOTAL  NEP  CONTENT 


Nep  type 

Neps  in 
sample 

Neps  per 
gram 

Percentage 

of  total  nep 

content 

Neps  proper: 

Thick-walled  fibers  only    

14 
2 
0 

11 
3 
3 
2 

20 
0 

10 

19 
6 

Medium-walled  fibers  only 

Thin-walled  fibers  only 

Fuzz  fibers  only 

Thick-  and  medium-walled  fibers 

Thick-  and  thin-walled  fibers 

Medium-  and  thin-walled  fibers 

Thick-,  medium-,  and  thin-walled  fibers 

Thick-walled  and  fuzz  fibers 

Medium-walled  and  fuzz  fibers  .  .  

Thin-walled  and  fuzz  fibers 

Thick-,  medium-walled,  and  fuzz  fibers 

Thick-,  thin-walled,  and  fuzz  fibers.. 

:::::::::::: 

Medium-,  thin-walled,  and  fuzz  fibers . 

Thick-,  medium-,  thin-walled,  and  fuzz  fibers 

40.86 

Total 

93 

67.39 

Fragnaents  of  seed  coat: 

Fragments  of  mature  seeds 

39 
3 

Fragments  of  motes . 

Total 

42 

18.45 

30.43 

Fragments  of  seed  coat  and  entangled  fibers 

0 
0 

1 
2 

Foreign  matter  and  entangled  fibers 

Fragments  from  compressed  fiber  masses.  . 

.44 
.88 

.72 

Fragments  from  dried  diseased  areas 

1  45 

Total 

138 

ANALYSIS  OF  "NEPS  PROPER"  i 

Nep  type 

Neps  in 
sample 

Neps  per 
gram 

Percentage 
of  "nep 
proper" 
content 

Neps  containing  thick-walled  fibers: 

Thick-walled  fibers  only 

0 
1 
3 
3 
0 
10 
6 

0.44 

1  08 

Thick-  and  medium-walled  fibers  

Thick-  and  thin-walled  fibers 

Thick-,  medium-,  and  thin-walled  fibers 

Thick-walled  and  fuzz  fibers 

Thick-,  medium-walled,  and  fuzz  fibers 

Thick-,  thin-walled,  and  fuzz  fibers 

Thick-,  medium-,  thin-walled,  and  fuzz  fibers 

Total . 

24 

10.64 

25  81 

Neps  containing  medium-walled  fibers: 

Medium-walled 'fibers  only 

1 
0 

11 
3 
2 
0 

19 
6 

.44 

1  08 

Thick-  and  medium-walled  fibers 

Medium- and  thin-walled  fibers 

Thick-,  medium-,  and  thin-walled  fibers 

Medium-walled  and  fuzz  fibers..            

Thick-,  medium-walled,  and  fuzz  fibers 

Medium-,  thin-walled,  and  fuzz  fibers 

Thick-,  medium-,  thin-walled,  and  fuzz  fibers 

Total 

42 

1&45 

46  16 

Neps  containine  thin-walled  fibers: 

Thin-walled  fibers  only 

14 

1 
11 

3 

20 
10 

6.16 

16.05 

Thick-  and  thin-walled  fibers  

Medium-  and  thin-walled  fibers 

" 

Thick-,  medium-,  and  thin-walled  fibers ...... 

Thin-walled  and  fuzz  fibers 

Thick-,  thin-walled,  and  fuzz  fibers 

1  Number  in  sample,  93. 
6917°— 33 2 
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Table  1. — Laboratory  analysis  oj  the  nep  content  of  a  cotton  sample 
ANALYSIS  OP  "NEPS  PROPER  "—Continued 


Nep  type 

Neps  in 
sample 

Neps  per 
gram 

Percentage 
of  "nep 
proper" 
content 

Neps  containing  thin-walled  libers — Continued. 

Medium-,  thin-wallfid,  and  fuzz  fibers...    . 

19 
6 

Thick-,  medium-,  thin-walled,  and  fuzz  fibers. 

Total 

84 

36.91 

90  32 

Neps  containing  fuzz  fibers: 
Fuzz  fibers  only 

2 
3 
2 
20 
0 
10 
19 
6 

.88 

2  15 

Thick-walled  and  fuzz  fibers      

Medium-walled  and  fuzz  fibers..  

ThiB-walled  and  fuzz  fibers...        .        ..      ..    ._    .    ... 

Thick-,  medium- walled,  and  fuzz  fibers.  ...      

Thick-,  thin-walled,  and  fuzz  fibers  ..        

Medium-,  thin-walled,  and  fuzz  fibers 

Thick-,  medium-,  thin-walled,  and  fuzz  fibers 

Total 

62 

27.24 

66.67 

In  figure  1  are  presented  the  results  derived  from  an  examination  of 
43  samples  representing  5  spinning  tests  on  5  different  cottons  (A,  B, 
C,  D,  and  E),  11  samples  representing  11  ginning  tests  on  a  sixth  cotton 
(G),  and  2  commercial  samples  submitted  to  the  laboratory  for  analysis 
(H  and  I).  The  figure  shows  that,  in  general,  the  thin-walled  fibers 
enter  into  the  greatest  number  of  neps  and  the  thick- walled  fibers  into 
the  least ;  the  number  of  neps  possessing  medium-walled  or  fuzz  fibers 
are  intermediate  in  number.  When  calculations  were  made  to  ascer- 
tain the  percentage  of  neps  possessing  any  one  of  the  fiber  types,  it  was 
found  that  in  61  out  of  83  samples  from  80  to  100  percent  of  the  neps 
contained  thin-waUed  fibers.  In  only  4  cases  did  the  percentage  fall 
below  50. 

Figure  1  also  shows  that  the  number  of  neps  composed  only  of  thin- 
walled  fibers  greatly  exceeds  the  number  formed  by  any  one  of  the 
other  fiber  types  alone.  The  medium-walled  and  fuzz  fibers  are  seen 
to  become  entangled  alone  somewhat  more  readily  than  do  the  thick- 
waUed  fibers. 

The  abundance  of  fuzz  fibers  in  neps  undoubtedly  is  due  largely  to 
their  twisted  irregular  shapes ;  but  that  any  one  definite  crook  or  twist 
results  in  the  entanglement  of  other  fibers  has  been  found  true  only  in 
smaU  neps  and  cannot  be  demonstrated  satisfactorily  there.  In  spite 
of  their  irregular  shapes,  fuzz  fibers  alone  do  not  form  readily  into 
tight  neps.  These  fibers  may  occur  in  definite  small  masses,  in  the 
ginned  lint  especially,  but  the  individual  fibers  usually  can  be  sepa- 
rated readily  with  dissecting  needles.  If  only  a  very  few  thin-waUed 
fibers  become  entangled  with  them,  however,  a  very  tight  nep  may  be 
formed. 

Thick-walled  fibers  alone  form  very  few  neps,  and  many  of  those 
that  do  develop  are  made  by  the  knotting  together  of  the  long,  slender, 
tapering  tips. 

From  these  observations  it  may  be  concluded  that  the  thin-walled 
fibers  are  the  most  important  type  in  nep  formation.  The  fact  that 
the  thin-walled  fibers  enter  into  the  largest  proportion  of  the  neps 
occurring  in  a  sample  together  with  the  fact  that  the  thick-walled, 
medium-walled,  and  fuzz  fibers  demonstrate  Uttle  tendency  to  knot  up 
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alone,  indicates  that  in  the  majority  of  neps  it  is  the  thin-walled  fibers 
that  form  the  basis  of  the  entanglement. 

It  is  the  inability  of  these  thin-walled  fibers  to  dye  properly  that 
gives  so  much  trouble  to  the  dyers.  It  has  been  recognized  for  many 
years  that  certain  fibers  will  not  dye  but  remain  white  and  result  in 
streaks  or  specks  in  the  cloth.  M.  Daniel  Koeclilin-Schauch  was  the 
first  to  suggest,  in  1848,  that  unripe  fibers  might  be  responsible  for 
this  defect  {11,  13).  Crum  {13,  14)  investigated  the  problem  and 
found  the  light  streaks  and  specks  to  consist  of  ''dead"  or  unripe  cot- 
ton. The  problem  was  investigated  later  by  Clegg  and  Harland  {11), 
who  likewise  found  that  the  light  streaks  and  specks  in  alizarin-dyed 
fabrics  were  due  to  neps  composed  of  thin-walled  fibers. 

Since  it  has  been  shown  that  thin-walled  fibers  are  generally  the 
basis  of  nep  formation,  it  would  be  expected  that  the  number  of  thin- 
waUed  fibers  a  cotton  possesses  would  determine,  in  part  at  least,  the 
number  of  neps  that  would  be  developed  during  ginning  and  manufac- 
turing into  yam.  Table  2  shows  that,  in  general,  there  is  a  tendency 
for  the  cottons  possessing  the  largest  percentage  of  thin-walled  fibers 
to  have  also  the  largest  number  of  neps.''  The  data  are  not  entirely 
consistent  in  this  respect.  A  partial  explanation  for  the  discrepancies 
probably  lies  in  the  fact  that  all  of  the  lints  have  not  had  identical 
treatment  and  undoubtedly  do  not  possess  similar  fiber  properties. 

Table  2. — Relationship  between  the  percentage  of  thin-walled  fibers  in  8  lots  of 
cotton  and  the  number  of  neps  developed  during  the  ginning  processes 


Cotton 

Staple 
length 

Thin- 
walled 
fibers 
in  raw 
cotton 

Neps  per 

gram  in 

raw  cotton 

Cotton 

Staple 
length 

Thin- 
walled 
fibers 
in  raw 
cotton 

Neps  per 

gram  in 

raw  cotton 

A... 

Inches 

IH2 

k 

Percent 
27.02 
24.64 
28.35 
32.41 

Number 

8.84 

8.8 

32.92 

45.25 

E 

Inches 
IH2 

Percent 
32.36 
26.35 
40.76 
37.08 

Number 
31.46 

B 

0  1 

13.67-36  39 

c 

H 

44  7 

D 

I. 

76  23 

>  11  ginning  tests. 

That  factors  other  than  the  number  of  thin-waUed  fibers  a  cotton 
possesses  may  influence  the  number  of  neps  produced  is  brought  jout 
in  figure  1  and  table  2.  The  number  and  kinds  of  neps  are  seen  to 
vary  considerably  among  the  different  tests  and  samples  studied.  A 
certain  degree  of  this  variation  results  from  the  diflficulty  met  in 
deciding  exactly  how  small  or  how  definite  a  tangle  must  be  before 
it  is  considered  a  nep.  This  is  especially  true  in  ginned  lint,  in  which 
there  frequently  occur  fiber  knots  that  are  considerably  larger  than 
any  of  the  neps  found  in  slivers,  rovings,  or  yarns.  When  such 
masses  were  more  than  4  or  5  times  as  large  as  the  average  sized  neps 
found  in  slivers  or  rovings,  they  were  not  considered. 

The  problem  is  complicated  further  by  the  facts  that  a  truly 
representative  sample  is  probably  impossible  to  obtain  and  that 
personal  judgment  is  used  m  deciding  the  types  of  fibers  that  consti- 


'  With  the  exception  of  sampling,  the  method  employed  in  determining  the  percentage  of  thin-walled 
fibers  is  the  same  as  that  described  by  Clegg  (10) .  The  percentages  are  based  on  observations  made  on  about 
2,000  fibers,  200  being  selected  from  each  H-inch  interval  from  the  length  array  beginning  at  the  M-inch 
group.  The  laboratory  determinations  were  made  by  the  Cotton  Fiber  Research  Laboratory  and  thanks 
are  due  to  T.  L.  W.  Bailey,  Jr.,  and  his  coworkers  for  their  cooperation  in  securing  the  data. 
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tute  any  given  nep.  Nevertheless,  there  are  some  fairly  consistent 
variations  in  the  number  of  neps  found  in  certain  of  the  samples. 
These  variations  may  be  due  to  fundamental  differences  in  the  cottons 
themselves  or  to  differences  in  the  treatment  they  have  received. 
As  it  is  not  within  the  province  of  this  bulletin  to  discuss  in  detail  the 
behavior  of  definite  lots  of  cottons  as  regards  nep  formation,  these 
differences  in  nep  content  and  their  possible  significance  can  be 
indicated  only. 

Cottons  A,  B,  and  C  are  southwestern  irrigated  Acala  cottons 
that  were  grown  and  spun  as  part  of  the  work  of  the  project  concerned 
with  the  southwestern  irrigated  cotton  quality  problem.  Cottons  B 
and  C  are  the  same  strain;  A  is  a  strain  derived  from  the  same  stock 
as  B  and  C  but  differing  from  them  in  possessing  seeds  with  much 
less  fuzz.  The  ginning  and  spinning  history  of  the  three  are  the  same. 
Cotton  C  is  seen  to  be  the  neppiest  of  the  three  and  yet  its  history 
differs  from  that  of  B  principally  in  the  fact  that  it  was  grown  on  poor 
land  whereas  B  was  grown  on  good  land.  The  slightly  larger  number 
of  thin-walled  fibers  possessed  by  C  does  not  seem  to  be  sufficient  to 
account  for  the  great  difference  in  nep  content.  The  greater  neppi- 
ness  of  C  may  result  in  part  from  characteristics  developed  in  the 
seed  cotton  as  a  result  of  unfavorable  growth  conditions,  which 
characteristics  in  some  way  either  increase  the  readiness  with  which 
the  fibers  become  entangled  into  neps  or  increase  the  difficulty  with 
which  the  fibers  are  removed  from  the  seed  in  ginning.  It  is  true  that 
cotton  C  was  classed  as  longer  than  cotton  B,  but  the  difference  in 
length  seems  too  slight  to  be  correlated  with  the  degrees  of  neppiness 
of  the  two  cottons. 

Cottons  A  and  B,  representing  two  strains  which  apparently  differ 
chiefly  in  the  quantity  of  fuzz  fiber  produced,  were  grown  under 
fairly  comparable  soil  and  weather  conditions.  Although  there  is 
little  difference  in  the  nep  content  of  the  lints  of  the  two  cottons,  nep 
counts  on  the  slivers,  rovings,  and  yams  show  that,  on  the  whole,  A 
is  less  neppy  than  B,  and  yet  it  possesses  a  larger  percentage  of  thin- 
waUed  fibers,  and  is  longer.  Evidently,  the  difference  in  the  number 
of  neps  developed  during  the  manufacturing  of  yarn  may  be  attrib- 
uted to  other  differences  in  the  cottons.  The  fact  that  the  seeds  of 
A  have  less  fuzz  than  the  seeds  of  B  may  be  one  limiting  factor,  for 
it  has  been  demonstrated  that  fuzz  fibers  may  play  a  certain  part  in 
nep  formation  (p.  10)  and  A  has  been  shown  to  possess  not  only  fewer 
neps  than  B  but  also  fewer  neps  containing  fuzz  fibers  (fig.  1).  In 
addition,  cotton  A  was  found  to  gin  very  easily;  the  readiness  with 
which  the  fibers  were  removed  from  the  seed  would  result  in  less 
roping  and  stringing  of  the  hnt  than  would  occur  if  the  fibers  clung 
tenaciously  to  the  seed  coat.  Consequently  the  lint  would  be  in  a 
condition  less  conducive  to  the  development  of  small  tangles  during 
the  processes  preparatory  to  spinning  the  cotton  into  yarn. 

Cottons  D  and  E  are  two  upland  rain-grown  varieties.  They 
received  the  same  treatment  during  ginning  and  spinning  and  both 
were  found  to  possess  about  equal  numbers  of  thin-walled  fibers,  yet 
D  is  considerably  neppier  than  E.  Here,  too,  the  number  of  thin- 
waUed  fibers  alone  cannot  account  for  the  number  of  neps  developed. 
It  is  possible  that  the  number  of  neps  may  be  related  to  the  staple 
length  of  the  two  cottons,  for  cotton  D,  which  is  the  neppier,  is  a 
longer  and  therefore  finer  cotton  than  cotton  E. 
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Plate  4 


A.  Small  nep  composed  of  thick-walled,  mediiim-walled,  and  thin-walled  fibers;  second  drawing  frame 
sliver,  X  57.  B,  iNcp  made  up  of  thick-walled,  medium-walled  and  thin-walled  fibers;  yarn,  X  40.  C. 
Nep  consistiuR  of  thin-wullod  and  fuzz  fil)ers;  yarn.  X  40.  I),  Nep  consistinir  of  thin-walled  fibers  only; 
pinned  lint.  X  2M.  K,  Mass  of  greatly  compressed  thin-walled  fibers;  second  drawinjr  frame  sliver,  X  23. 
F,  Nep  comi)<)sed  of  tliin-wallcd  and  medium-walled  fibers;  card  web,  X  49.  G,  Fragment  of  mote;  yarn, 
X  40.    II,  Fragment  of  mature  seed;  yarn,  X  40. 
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However,  when  cottons  H  and  I  are  compared,  the  shorter  cotton 
is  seen  to  be  the  neppier.  Since  the  complete  histories  of  these  two 
cottons  are  not  known,  no  attempt  can  be  made  to  explain  the  fact 
that  cotton  I  is  neppier  than  cotton  H. 

Thus  it  may  be  concluded  that,  although  the  proportions  in  which 
the  various  fiber  types  occur  on  the  seed  influence  the  number  of  neps 
produced,  there  are  other  properties  of  the  seed  cotton  which  are 
factors  inlluencing  the  number  of  neps  developed  during  the  ginning 
and  manufacturing  processes. 

Studies  now  being  conducted  indicate  that  diifferent  methods 
of  ginning  procedure  affect  to  different  degrees  the  neppiness  of  the 
resulting  ginned  hnts  (lig.  J,  cotton  G).  It  is  clear  (fig.  1)  that  the 
continued  manipidation  of  the  fibers  during  the  carding  and  manufac- 
turing of  yarn  may  increase  the  number  of  neps,^  but  the  percentages 
of  neps  possessing  each  fiber  type  are  not  altered  greatly.  Carding 
seems  to  decrease  somewhat  the  percentage  of  neps  p«,ssessing  thick- 
walled  and  fuzz  fibers,  but  the  later  processes  may  increase  these 
percentages. 

Many  neps  were  teased  apart  in  order  to  ascertain  whether  the 
manner  in  which  the  fibers  are  entangled  would  give  any  indication  as 
to  the  w^ay  in  which  the  neps  were  formed.  But  no  definite  methods  of 
fiber  knotting  were  observed.  A  large  nep  is  usually  merely  a  tangled 
mass  of  fibers  with  no  definite  center  (pi.  4,  D),  whereas  a  smaller 
one  frequently  contains  a  very  definite  central  knot  (pi.  4,  F).  Each 
of  many  of  the  neps  found  in  slivers  and  rovings  possesses  one  long 
out-stretched  fiber  (pi.  3,  D)  which  gives  the  impression  that  during 
the  drawing  process  a  loose  tangle  has  been  knotted  more  tightly 
by  the  pulling  of  this  particular  fiber.  In  some  instances  this  fiber 
can  be  entirely  pulled  out  and  the  tangle  thus  loosened;  in  other  cases 
the  pulling  upon  the  fiber  results  in  a  tightening  of  the  knot;  and  in 
still  other  cases  it  is  only  a  matter  of  coincidence  that  the  fiber  is 
oriented  in  this  way,  and  pidling  upon  it  has  no  effect  upon  the 
general  tangle. 

Consideration  was  given  to  the  possibility  that  abnormalities 
on  fibers  might  play  an  important  part  in  nep  formation  (])L  3,  C,  E, 
and  F).  These  peculiar  growths  may  occur  on  any  fiber  but  seem  to 
be  especially  abundant  on  the  fuzz  fibers.  They  appear  to  be  excellent 
centers  around  which  other  fibers  might  become  entangled  and  thus 
form  neps.  In  only  a  few  instances,  however,  has  it  been  demonstra- 
ted that  an  abnormality  was  actually  the  point  at  which  the  fibers 
had  been  caught. 

SEED-COAT  FRAGMENTS 

^  In  a  macroscopic  examination  of  any  cotton  sample  (whether  of 
ginned  lint,  sliver,  roving,  or  yam)  many  of  the  structures  which  at 
first  glance  are  considered  to  be  tangled  knots  of  fibers  (pi.  1,  A-F) 
upon  closer  examination  are  found  to  be  small  fragments  of  seed  coat 
(pi.  4,  G  and  H).  These  fragments  were  found  to  be  of  two  kinds: 
Fragments  of  mature  seeds  (pi.  4,  H)  and  fragments  of  motes  that  have 
been  crushed  during  ginning  (pi.  4,  G). 

The  greater  part  of  the  mature  seed-coat  fragments  in  the  lints 
examined  are  produced  as  a  result  of  the  pulling  away  of  the  chalazal 

I  That  the  number  of  neps  per  gram  Is  less  in  the  yam  than  in  the  fine  frame  roving  is  probably  explained 
by  the  fact  that  all  the  neps  present  in  the  yam  were  not  seen  (p.  5). 
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end  (blunt  end)  of  the  seed  coat  during  the  ginning  process  (pi.  2,  F). 
This  area  of  the  seed  coat  seems  to  be  brittle.  It  is  frequently  pulled 
off  and  the  resulting  fragments,  with  the  long  fibers  still  attached, 
appear  in  the  ginned  lint  (pi.  2,  G).  The  complete  removal  of  all  of 
the  long  fibers  from  the  chalazal  region  is  occasionally  accompanied  by 
a  rupturing  of  the  seed  coat  and  small  particles  possessing  only  fuzz 
fibers  may  thus  be  detached  from  the  seed.  It  is  possible  that  the 
rubbing  which  the  seeds  undergo  in  the  seed  roU  may  loosen  from  chip- 
ped seeds  other  small  particles,  some  of  which  become  separated  from 
the  seed  roll  and  are  worked  into  the  lint. 

Some  of  the  larger  fragments  found  in  ginned  lint  may  be  portions 
of  seeds  cut  or  broken  by  the  teeth  of  the  gin  saw.  In  the  lints 
examined  the  number  of  fragments  produced  in  this  way  cannot  have 
been  very  large  for  an  examination  of  ginned  seeds  showed  that  the 
number  of  seeds  chipped  at  the  chalazal  end  far  exceeded  the  number 
actually  cut  by  the  teeth  of  the  gin  saw;  for  example,  775  out  of 
24,000  seeds  examined  from  one  series  of  ginning  tests  were  chipped 
at  the  chalazal  end  and  only  12  were  cut  by  the  gin  saw;  in  a  second 
series  of  tests,  827  out  of  15,000  seeds  examined,  showed  chalazal 
chipping  and  64  were  cut  by  the  gin  saw. 

The  small  tip  at  the  micropylar  end  of  the  seed  also  may 
break  off  during  the  ginning  of  the  cotton.  These  fragments  were 
found  to  be  of  frequent  occurrence  in  the  ginned  lints  studied  but, 
because  they  usually  possess  very  few  fibers,  they  are  not  readily 
held  by  the  lint  and  consequently  were  rarely  found  in  the  products 
of  any  of  the  manufacturing  processes. 

The  second  group  of  seed-coat  fragments  are  particles  from  struc- 
tures generally  termed  "motes.''  No  exact  definition  exists  for  the 
word  "mote"  as  it  is  used  in  the  cotton  industry.  Rea  {22,  p.  1064) 
states  that "  mature  locks  of  upland  cotton  often  contain  aborted  ovules 
which  commercial  ginners  commonly  call  motes."  Palmer  {W,  p.  10), 
when  discussing  quality  in  ginned  lint  defines  motes  as  "immature  and 
unfertilized  seeds  or  the  ends  of  seeds  that  are  pulled  off  in  ginning." 
Ginners  usually  consider  as  motes  aU  the  trash  that  drops  into  the 
mote  box  or  conveyor  during  ginning,  and  this  material  may  include 
immature  seeds  and  portions  of  broken  mature  seeds  as  well  as  bits  of 
foreign  matter.  Light  specks  on  dyed  cloth  are  occasionally  caUed 
motes  (11).  In  the  following  discussion  a  mote  is  considered  to  be 
an  aborted  ovule  or  an  immature  seed  (pi.  2,  A,  B,  and  C). 

Although  aborted  ovules  of  very  small  size  occur  in  seed  cotton, 
this  discussion  is  concerned  chiefly  with  motes  of  larger  size  (pi.  2,  B 
and  C).  Some  of  these  may  be  nearly  as  large  as  matured  seeds  and 
possess  long  thin-walled  fibers. 

During  ginning  many  of  the  motes  that  are  present  in  the  seed 
cotton  are  separated  from  the  lint  or  are  "mo ted  out"  and  collect  in 
the  mote  box;  others  pass  into  the  lint  uninjured;  many  of  the  larger 
ones  are  ginned,  the  weak  fiber  being  an  undesirable  addition  to  the 
lint;  and  still  others  are  crushed.  The  crushed  motes  may  remain  in 
the  lint  as  more  or  less  definite  lumps,  or  their  fragments  may  be 
scattered  throughout  the  lint. 

Small  mote  fragments  usually  can  be  distinguished  from  small 
mature  seed-coat  fragments  by  the  fact  that  the  mote  testa  is  gen- 
erally fight  in  color  and  its  fibers  are  thin-walled  (pi.  4,  G  and  H). 
In  a  study  of  motes  themselves,  however,  it  was  found  that  in  some 
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cases  the  fibers  are  short  and  thick-walled  and  the  shrivelled  testa  is 
dark  in  color.  Fragments  from  such  motes  cannot  be  distinguished 
from  mature  seed-coat  fragments  possessing  only  the  short  fuzz  fibers. 

The  seed-coat  fragments  found  in  ginned  lint  varied  in  size  from 
microscopic  bits  to  the  large  chalazal  fragments  of  mature  seeds  or  the 
equally  large  or  larger  portions  of  crushed  motes.  The  fragments 
occurring  in  slivers,  roving,  and  yarns  are  usually  of  no  greater  size 
than  those  shown  in  plate  1,  B,  D,  and  E  {a-d).  It  is  realized,  of 
course,  that  the  term  nep,  even  in  its  broadest  sense,  cannot  be  applied 
satisfactorily  to  the  large  fragments.  Nevertheless,  in  a  study  of 
ginned  lint  samples,  it  has  not  seemed  always  advisable  to  consider 
the  larger  fragments  separately  from  the  smaller  ones.  Therefore,  in 
calculating  the  total  number  of  seed-coat  fragments  per  gram  in  ginned 
lints,  all  fragments  are  counted  except  those  that  are  considerably 
larger  than  the  average-sized  chalazal  fragment. 

Seed-coat  fragments,  whether  large  or  small,  cause  trouble  for  the 
manufacturer.  The  small  fragments,  frequently  termed  ''bearded 
motes"  cling  to  the  lint  tenaciously  {12)  and,  according  to  Midgley 
{18,  p.  j^O),'' there  is  no  way  of  satisfactorily  removing  them,  apart 
erhaps  from  combing."  Yarn  that  possesses  these  fragments  in 
arge  numbers  has  a  rough  and  dirty  appearance.  Some  of  the  large 
seed-coat  particles  as  well  as  the  crushed  motes  occurring  in  the  lint, 
probably  are  entirely  removed  during  carding.  It  is  possible  that 
others  are  further  broken  up  during  this  and  the  following  manu- 
facturing processes,  thus  increasing  the  actual  number  of  seed-coat 
fragments  present.  That  such  an  increase  in  number  does  occur 
during  the  manufacturing  of  yam  is  brought  out  in  table  3,  in  which 
it  is  seen  that  in  every  instance  the  yam  possesses  more  seed-coat 
fragments  per  gram  than  did  the  raw  cotton  from  which  it  was  spun. 

Table  3. — Increase  in  number  of  seed-coat  fragments  during  the  process  of  converting 

raw  cotton  into  yarn 


I 


Cotton 

Seed-coat  fragments  per  gram 
in- 

Cotton 

Seed-coat  fragments  per  gram 
in- 

Raw 
cotton 

Card 
sliver 

Yam 

Raw 
cotton 

Card 
sliver 

Yam 

A 

Number 
2.24 
7.23 
11.15 

Number 
8.90 
7.71 
12.92 

Number 

6.85 

18.45 

41.01 

D 

Number 
33.37 
28.1 
13.84 

Number 
59.36 
20.74 
21.11 

Number 
54.72 

B 

E 

64.69 

C 

F - 

25.36 

These  observations  serve  to  emphasize  the  importance  of  seed-coat 
fragments  as  one  of  the  factors  to  be  considered  in  estimating  the 
quaUty  of  ginned  cotton. 

Studies  now  being  conducted  indicate  that  the  number  of  mature 
seed-coat  fragments  occurring  in  ginned  lint  varies  with  different 
methods  of  conditioning  and  ginning  as  well  as  with  different  types  of 
cotton.  Moreover,  there  is  some  evidence  that  methods  of  condition- 
ing and  ginning  may  influence  the  number  of  motes  that  become 
crushed. 
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FRAGMENTS    OF    COMPRESSED    FIBER    MASSES    AND    FRAGMENTS    FROM    DRIED 

DISEASED  AREAS 

Portions  of  compressed  fiber  masses  or  fragments  from  dried 
diseased  areas  occurring  on  seeds  may  be  present  in  the  ginned  lint 
in  various  sizes  and  numbers  and  are  important  from  the  standpoint 
of  actual  waste.  Many  of  these  fragments  are  very  indefinite;  it 
is  therefore  difficult,  if  not  impossible,  to  make  even  a  fairly  accurate 
estimation  of  the  number  of  such  fragments  present  in  a  ginned  lint 
sample.     Moreover,  many  are  very  large. 

A  consideration  of  these  fragments  and  the  conditions  giving 
rise  to  them  is  warranted,  however,  by  the  fact  that  small  definite  frag- 
ments from  such  masses  occur  in  slivers,  rovings,  and  yarns  and 
occasionally  may  form  as  high  as  5.8  percent  of  the  total  nep  content 
of  a  yarn  (table  1). 

On  the  surface  of  many  locks  there  are  glistening  areas  of  various 
sizes  which  have  the  appearance  of  shiny  paper  (pi.  2,  D).  Such 
areas  may  be  found  on  mature  seeds  but  are  of  more  frequent  occur- 
rence on  the  large  motes  (pi.  2,  C).  Microscopic  examination  shows 
these  areas  to  be  composed  of  very  thin- walled  fibers  compressed 
into  thin  sheets.  Some  of  these  masses  are  capable  of  being  sepa- 
rated into  their  individual  fibers;  other  masses  have  been  transferred 
into  rather  brittle  sheets  in  which  the  individual  fibers  have  practi- 
cally lost  their  identity.  These  brittle  compressed-fiber  masses  may 
be  broken  during  ginning  into  flakes  of  various  sizes.  Carding  may 
rid  the  lint  of  most  of  these  fragments  but  small  flakes  may  be  found 
in  slivers,  rovings,  and  yarns  (pi.  4,  E).  These  fragments  were  not 
found  to  form  more  than  4.34  percent  of  the  total  nep  content  (table 
1)  of  any  of  the  yarns  studied,  nor  were  they  more  numerous  than 
8.83  per  gram  of  yarn. 

Other  locks  are  found  on  which  occur  diseased  areas  (pi.  2,  E) 
resulting  from  insect  injury,  fimgus  infection,  or  both.  The  masses  of 
diseased  areas  usually  are  separated  from  the  liQt  during  ginniag, 
but  occasionally  the  diseased  seeds  are  ginned,  the  matted  mass  of 
fibers  being  torn  into  fragments  of  various  sizes,  some  of  which  are 
very  small  (pi.  3,  A).  Bits  of  such  matter  may  remain  in  the  card 
sliver  and  even  persist  into  the  yarn ;  however,  in  the  yarns  examined, 
these  fragments  were  not  found  to  form  more  than  1.92  percent  of 
the  total  nep  content  (table  1),  nor  were  they  more  numerous  than 
3.08  per  gram  of  yarn. 

SUMMARY  AND  CONCLUSIONS 

A  workable  system  for  the  general  classification  of  neps  and  similar 
imperfections  occurring  in  ginned  lints,  slivers,  rovings,  and  yams  is 
presented. 

Most  of  the  small  imperfections  found  in  the  materials  studied 
may  be  divided  into  two  groups:  Neps  proper  and  fragments  of 
seed  coat. 

Neps  proper  consist  only  of  tangled  fibers;  15  kinds  of  neps  are 
differentiated  according  to  the  type  or  types  of  fibers  entering  into 
the  composition  of  individual  neps,  the  fibers  being  classified  for  the 
purpose  of  this  study,  as:  (1)  Thick-walled  fibers,  (2)  medium-walled 
fibers,  (3)  thin-walled  fibers,  and  (4)  fuzz  fibers. 

Seed-coat  fragments  are  of  two  kinds:  Fragments  of  mature  seeds 
resulting,  in  the  main,  from  the  pulling  off  of  the  chalazal  end  of  the 
seed  during  ginning  and  fragments  of  motes  crushed  during  ginning. 
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In  addition  there  occur  in  small  numbers:  (1)  Knots  formed  by 
fibers  becoming  entangled  around  small  seed-coat  fragments  or  bits 
of  foreign  matter,  (2)  fragments  from  compressed  brittle  fiber  masses, 
and  (3)  fragments  from  dried  diseased  areas  on  locks. 

This  classification  includes  all  small  imperfections  occurring  in 
ginned  lints,  slivers,  rovings,  and  yams  that  originated  from  the  seed 
cotton  itself.  No  foreign  matter  is  included  except  small  particles 
around  which  fibers  may  have  become  knotted. 

This  investigation  has  led  to  several  conclusions  regarding  nep 
formations  in  the  particular  cottons  studied.  How  far  these  con- 
clusions are  true  of  cottons  other  than  those  included  in  this  study 
is  a  problem  for  future  consideration.  The  points  brought  out  are 
as  follows: 

In  most  of  the  samples  studied,  thin-waUed  fibers  entered  into  the 
greatest  number  of  neps  and  thick -walled  fibers  into  the  least,  neps 
that  possessed  medium-walled  or  fuzz  fibers  being  intermediate  in 
number.  This  observation,  together  wdth  the  fact  that  thin- walled 
fibers  knot  up  alone  much  more  readily  than  do  medium-walled, 
thick-walled,  or  fuzz  fibers,  justifies  the  conclusion  that  in  these 
cottons  the  thin-walled  fiber  is  the  most  important  type  of  liber 
from  the  standpoint  of  nep  formation. 

There  is  evidence  that  the  proportions  in  which  the  various  fiber 
types  occur  on  the  seed,  as  well  as  other  properties  of  the  seed  cotton, 
are  factors  that  influence  the  number  of  neps  developed  during  the 
ginning  and  spinning  processes. 

The  number  of  neps  appears  to  be  increased  during  the  manufac- 
turing processes. 

No  essential  differences  were  found  between  the  composition  of 
neps  occurring  in  ginned  cotton  and  those  found  in  the  products  of 
the  manufacturing  processes. 

The  fibers  in  neps  do  not  appear  to  be  entangled  in  an}^  definite 
manner.  Large  neps  usually  are  an  irregular  tangled  mass  of  fibers, 
whereas  small  neps  frequently  possess  a  definite  central  knot. 

Abnormalities  on  fibers  were  not  found  to  play  an  important  part 
in  nep  formation. 
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INTRODUCTION 

For  purposes  of  interstate  shipment  it  often  is  desirable  that  corn 
shall  be  so  treated  as  to  eliminate  all  risk  of  transmitting  infestations 
of  the  European  corn  borer  {Pyrausta  nubilalis  Hbn.).  It  thus  be- 
came desirable  to  consider  the  effect  of  cold  storage  on  the  European 
corn  borer  infesting  green  corn  and  to  determine  the  value  of  sub- 
freezing  temperatures  in  cold-sterilization  practice.  Experiments 
were  therefore  undertaken  to  determine  the  temperatures  below  32° 
F.  that  are  lethal  to  this  insect  and  to  what  extent  insulation  provided 
by  its  host  plant  protects  contained  larvae  when  green  ears  of  sweet 
corn  are  cold-processed. 

The  assembly  of  such  information  involved  the  determination  of 
(1)  the  lethal  threshold  and  the  time  required  for  complete  mortality 
of  unprotected  larvae  in  lots  exposed  to  low  temperatures,  (2)  the 
temperature-time  curve  of  green  sweet-corn  ears  when  subjected  to 
cold  treatment,  (3)  the  time  required  for  complete  mortality  of  larvae 
infesting  green  ears,  and  (4)  the  safe  exposure  to  low  temperatures 
for  boxed,  green  ''produce**  corn.     Provision  for  obtaining  data  rela- 

•  Sweet  corn,  frozen  by  the  methods  described  in  this  bulletin,  was  discovered  by  the  Federal  Plant 
Quarantine  Board  to  be  a  product  subject  to  interstate  commerce  and  liable  to  infestation  by  the  European 
Qorn  borer.  It  was  being  transported  from  an  area  in  New  England  then  under  quarantine  against  this 
insect.  The  Federal  Plant  Quarantine  Board  retiuested  the  Bureau  of  Entomology  to  determine  whether 
the  lefrigeration  methods  used  actually  rendered  the  corn  safe  for  interstate  transportation  as  regards  this 
insect,  and,  if  so,  what  temperatures  and  conditions  were  rccjuired  to  obtain  this  result.  This  bulletin 
describes  the  investigations  and  gives  the  results  requested  by  the  (luarantine  board.  Since  this  bulletin 
was  prepared  the  Federal  quarantine  against  the  Euroi)ean  corn  borer  has  been  withdrawn,  but  a.s  the 
several  States  concerned  still  operate  quarantines  agnin.st  this  insect,  it  Ls  believed  that  the  information 
contained  in  it  should  be  published  for  the  benefit  of  the  quaiautine  officers  and  other  intere-^ted  persons. 
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tive  to  the  foregoing  items  was  made  through  utiKzation  of  the  facihties 
afforded  by  commercial  refrigeration  laboratories  at  Gloucester,  Mass., 
and  cold-storage  warehouses  at  Boston,  Mass.,  and  Providence,  R.I.^ 
Heavily  infested  green  sweet  corn  was  obtained  for  the  experiments 
on  the  United  States  Department  of  Agriculture  developmental  and 
demonstration  farm  fit  Berkley,  Mass.  Whipple  Yellow,  a  variety 
producing  ears  of  the  largest  size,  and  Golden  Sunshine,  also  popular 
with  commercial  growers,  were  employed  as  host-plant  material. 

EXPOSURE  OF  FREE,  OR  UNPROTECTED,  LARVAE  TO  COLD 

A  determination  of  the  period  of  exposure  to  a  given  temperature 
necessary  to  kill  the  insect  is  fundamental  to  cold-sterilization  prac- 
tice. To  this  end  experiments  were  arranged  to  determine  the  period 
of  time  intervening  between  the  beginning  of  exposure  and  the  lethal 
threshold,  i.e.,  when  the  first  larva  died  as  a  result  of  such  exposure, 
and  also  the  time  necessary  to  kill  all  larvae  so  exposed.  Different 
lots  of  fifth-instar  larvae  were  exposed  to  the  same  air  temperature 
during  various  periods  of  time,  until  it  appeared  that  there  had  been 
established  the  approximate  moments  at  which  a  fatal  exposure  begins 
and  is  completed. 

PROCEDURE 

In  conducting  these  experiments  with  free  larvae,  it  was  considered 
expedient  to  eliminate  the  possibility  of  unequal  heat  loss  through 
conduction  to  previously  cooled  objects  or  to  objects  of  high  thermal 
conductivity,  and  to  provide  contact  as  far  as  possible  with  chilled 
air  only.  For  this  reason  cardboard  boxes  5  inches  long,  3  inches  wide, 
and  3  inches  deep  were  lined  with  cotton  cheesecloth  and  equipped 
with  a  cotton-screen  floor  1)^  inches  above  the  bottom  of  the  box. 
These  boxes  were  cooled  to  the  subfreezing  temperature  before  they 
were  loaded  with  larvae  for  an  exposure,  and  during  experimental 
use  they  were  supported  on  wooden  shelves  placed  near  the  ther- 
mometer in  the  cold  room. 

The  larvae  were  dissected  from  green  corn  plants,  graded  for  size, 
and  used  immediately.  The  exposure  interval,  as  hereinafter  referred 
to,  includes  the  period  between  the  instant  of  introduction  to  the 
subfreezing  temperature  and  that  of  removal  from  it,  the  tempera- 
tures cited  being  in  all  cases  the  corrected  air  temperatures  and  not 
those  of  the  refrigerant  or  of  solids  in  the  room.  At  the  end  of  the 
exposure  period  the  larvae  were  superficially  examined  and  placed  on 
corrugated  cardboard  strips  in  a  screened  cage  so  that,  if  they  revived, 
they  might  crawl  into  the  corrugated  paper  cells  and  spin  up,  as  they 
do  normally.  The  treated  larvae,  together  with  check  lots,  were  then 
retained  in  an  atmosphere  of  75°  F.  and  70  to  75  percent  relative 
humidity  for  subsequent  observation  until  the  decomposition  of  all 
the  dead  larvae  was  evident. 

PHYSICAL  CHARACTERISTICS  OF  EXPOSED  LARVAE 

When  the  larvae  were  removed  from  the  cold  room,  they  were 
examined  with  respect  to  color,  shape,  and  body  resilience.  No 
changes  in  color  were  observed  except  a  change  attributable  to  a 
slight   accumulation   of  frost   on  .the   external   surface   of   sclerotic 

2  The  writers  acknowledge  the  helpful  assistance  of  S.  M.  Davidson,  of  Gloucester,  Mass.,  in  obtaining 
records  of  temperature  changes  in  the  cob  pith  and  grain  of  green  sweet  corn  during  treatments. 
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appendages  and  the  body  wall.  When  subjected  to  temperatures  of 
-10°,  —20°,  and  —25°  F.,  the  body  curled  and  retained  a  crescent 
shape  until  some  time  after  defrosting.  This  was  particularly  char- 
acteristic in  cases  where  exposure  resulted  in  the  death  of  all  larvae. 
When  it  had  been  exposed  for  one  of  the  longer  intervals  to  any 
temperature  employed  (i.e.,  between  +30°  and  —25°),  the  body 
of  the  insect  was  stiff  and  brittle,  gave  forth  a  rattling  sound  when 
shaken  in  a  cardboard  box,  and  bounded  like  a  sohd  when  dropped, 
in  these  respects  resembling  any  frozen  food  product,  such  as  asparagus 
or  fish  fillets.  This  was  assumed  to  be  due  to  freezing  of  free  body 
water,  and,  since  many  of  the  larvae  survived,  tliis  indicated  that 
death  is  not  caused  bv  such  a  condition. 


MORTAUTY  OF  EXPOSED  LARVAE 

Table  1  gives  the  mortality  and  survival  results  for  various  periods 
of  exposure  to  several  subifreezing  temperatures,  and  table  2  sum- 
marizes the  results  of  exposure  to  various  temperatures.  Individual 
differences  in  susceptibility  to  death  by  freezing  were  noted  in  all  lots 
of  larvae.  The  lowest  temperature  employed,  —25°  F.,  was  found 
to  kill  all  larvae  during  a  10-minute  interval,  but  a  lethal  threshold 
for  this  temperature  was  not  established.  Since  an  exposure  to  —  25° 
during  5  minutes  was  fatal  to  60.9  percent  of  the  larvae  and  since 
the  threshold  of  mortality  was  foimd  to  be  at  3  minutes  for  exposiure 
to  —20°,  the  threshold  at  —25°  is  assumed  to  be  at  so  short  a  time 
as  to  require  rather  elaborate  procedure  to  determine  it.     The  interval 

Tablb  1. — Results  of  exposure  of  free  larvae  to  low  temperatures 


Tempera- 
ture 

Time  of 
exposure 

Dead 
larvae 

Spun-up 
larvae 

Surviving  larvae 

°jr. 

Minutes 

Number 

Number 

Number 

Percent 

5 

14 

7 

9 

39.1 

-25 

10 

25 

0 

0 

0 

15 

25 

0 

0 

0 

H 

0 

20 

20 

100.0 

3 

1 

16 

19 

95.0 

5 

4 

9 

16 

80.0 

-20 

QH 

14 

1 

6 

30.0 

10 

18 

1 

2 

10.0 

12M 

10 

0 

0 

0 

15 

10 

0 

0 

0 

7 

0 

19 

20 

100.0 

10 

9 

8 

11 

65.0 

-10 

15 

19 

1 

1 

5.0 

20 

20 

0 

0 

0 

25 

20 

0 

0 

0 

10 

1 

24 

24 

96.0 

15 

11 

12 

14 

56.0 

20 

12 

10 

13 

52.0 

25 

16 

12 

14 

46.6 

1 
1 

30 

22 

4 

8 

26.6 

0 

40 

16 

7 

9 

36.0 

60 

20 

3 

5 

20.0 

90 

21 

2 

4 

16.0 

120 

23 

2 

8.0 

150 

25 

0 

0 

0 

180 

25 

0 

0 

0 

30 

0 

24 

25 

100.0 

40 

24 

24 

96.0 

50 

2 

23 

23 

92.0 

60 

23 

24 

96.0 

+16 

120 

19 

19 

76.0 

150 

18 

18 

72.0 

180 

16 

18 

72.0 

«  1,440 

19 

4 

6 

2t0 

>3,yoo 

14 

0 

0 

0 

»  Or  24  hours. 


>  Or  65  hours. 
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between  the  lethal  threshold  and  the  mortality  of  the  entn^e  lot  in- 
creased rapidly  as  higher  temperatures  were  encountered.  Compar- 
atively short  periods  of  exposure  were  fatal  at  and  below  — 10°,  but 
at  0°  and  at  +15°  the  larvae  exhibited  greater  resistance.  At  —20° 
the  first  larvae  died  after  3  minutes,  and  an  exposure  of  12}^  minutes 
was  fatal  to  all  the  larvae  subjected  to  this  temperature.  It  was 
found  that  certain  larvae  which  survived  exposure  did  not  spin  silk. 


Table  2. 


-Summary  of  effective  lethal  temperature  exposures  and  lethal  thresholds 
of  fifth-instar  larvae 


Tempera- 
ture 

Time  between  initial 
exposure  and— 

Tempera- 
ture 

Time  between  initial 
exposure  and— 

Lethal 
threshold 

Complete 
mortality 

Lethal 
threshold 

Complete 
mortality 

°  F. 
-25 
-20 
-10 

Minutes 

Minutes 
10 
12H 
20 

°  F. 
0 

+15 

Minutes 
15 
120 

Minutes 

150 

2  3,900 

3 

19 

By  interpolation. 


2  Or  65  hours. 


No  attempt  was  made  to  determine  the  internal  temperatures  of 
the  insect  during  these  exposures.  For  a  discussion  of  this  and  related 
subjects  the  reader  is  referred  to  articles  by  Back  and  Cotton,^ 
Kobinson,^  and  Payne. ^ 

These  experiments  with  free  larvae  have  shown  that,  in  the  practice 
of  sterilization  by  means  of  cold,  it  is  essential  to  employ  temperatures 
of  0°  F.  or  lower. 

EXPOSURE  OF  EGGS  AND  PUPAE  ATTACHED  TO  CORN  FOLIAGE 

The  effect  of  exposure  of  eggs  and  pupae  attached  to  green  corn 
foliage  was  next  determined.  Fifty  egg  masses  from  1  to  10  hours 
old,  50  egg  masses  70  hours  old,  and  20  pupae  from  1  to  5  days  old 
were  placed  in  a  cold  room  the  temperature  of  which  ranged  from 
0°  to  +  3°  F.  and  left  there  for  48  hours.  At  the  end  of  this  time  the 
mortality  was  complete. 


TEMPERATURE  REDUCTION  IN  UNINFESTED  GREEN  EARS  OF  CORN 

In  connection  with  the  practice  of  cold  sterilization  it  is  desirable 
to  learn  the  rate  and  the  period  of  temperature  decline  characteristic 
of  the  green  sweet-corn  ear  when  exposed  to  subfreezing  temperatures. 

The  rate  of  cooling  and  freezing  of  green  sweet  corn  on  the  ear 
when  exposed  in  contact  with  metal  plates  held  at  a  temperature  of 
—  22°  F.  was  determined.  The  temperatures  were  measured  by 
means  of  copper-constantan  thermocouples  and  a  potentiometer 
sensitive  to  0.1  microvolt.  Single-junction  thermocouples  were  used 
and  an  ice-water  bath  was  used  for  the  constant-temperature  junction. 

The  freezing  apparatus  was  an  experimental  unit  of  a  commercial 

8  Back,  E.  A.,  and  Cotton,  R.  T.  cold  storage  and  insect  control.  Amer.  Inst.  Refrig.  Proc. 
1928:  103-111.     1928. 

*  Robinson,  W.  water  binding  capacity  of  colloids  a  definite  factor  in  winter  hardiness  of 
INSECTS.    Jour.  Econ.  Ent.  20:  80-88,  illus.     1927. 

5  Payne,  N.  M.  freezing  and  survival  of  insects  at  low  temperatures.  Jour.  Morph.  and 
Physiol.  43:  521-546,  illus.    1927. 
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type  in  which  the  material  to  be  frozen  was  ^placed  in  contact  with 
thick  metal  plates  and  the  refrigerant  was  circulated  within  the 
plates.  In  this  apparatus  the  cob  pith  of  the  com  cooled  rapidly 
to  the  freezing  point  of  the  water  in  the  ear,  the  average  temperatures 
of  the  ears  being  lowered  from  68°  to  30°  F.  in  40  to  50  minutes. 
When  the  corn  began  to  freeze,  the  temperature  remained  relatively 
constant  during  75  to  140  minutes,  followed  by  a  comparatively 
rapid  cooling  from  23°  to  0°  F.  for  40  to  55  minutes.  Three  hours 
were  required  to  cool  an  ear  of  Golden  Bantam  com  {IY4  inches  in 
diameter)  from  68°  to  the  inception  of  freezing,  freeze  it,  and  cool  it 
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Figure  l.— Temperature-time  curve  for  rapidly  frozen  green  Golden  Bantam  sweet  corn  exposed  to 
-22°  ¥.,  showing  the  temperatures  of  the  cob  pith  (A-B)  and  of  the  grain  (C-D)  during  a  3-hour 
interval. 


to  0°,  while  4  hours  were  required  to  accomplish  the  same  operation 
with  an  ear  of  Whipple  Yellow  corn  {2}^  inches  in  diameter).  The 
rate  of  cooling  is  shown  graphically  in  figures  1  and  2. 

Another  lot  of  Golden  Bantam  com  was  frozen  and  cooled  to  a 
temperature  of  0°  F.  by  exposure  to  cold  air  at  0°  (fig.  3).  The 
temperature  of  the  com  was  determined  at  intervals  by  means  of 
alcohol  thermometers  thrust  into  the  cob  pith.  Fifteen  hours  were 
required  to  cool  the  com  to  its  freezing  point,  freeze  it,  and  cool  it 
toO°. 
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EXPOSURE  OF  INFESTED  GREEN  EARS  OF  CORN 

The  European  corn-borer  population  of  sweet-corn  ears  is  not 
always  distributed  in  different  parts  of  the  ear  in  the  same  ratio. 
Examination  of  130  of  the  ears  employed  in  these  experiments  showed 
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Figure  2.— Temperature-time  curve  for  rapidly  frozen  green  Whipple  Yellow  sweet  corn  exposed  to 
—  22°  F.,  showing  the  temperatures  of  the  cob  pith  (A-B)  and  of  the  grain  (C-D)  during  a  4-hour 
Interval. 
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Figure  3.— Time-temperature  curve  for  slow-frozen  green  Golden  Bantam  sweet  corn  exposed  to  0°  F. 
in  a  cold  room,  showing  the  temperatures  of  the  cob  pith  during  a  15-hour  interval. 

the  distribution  of  the  larvae  to  be  as  follows:  214,  or  44  percent,  in 
the  grain;  134,  or  27.6  percent,  in  the  shank;  and  138,  or  28.4  percent, 
in  the  cob  pith.     As  noted  by  Caffrey  and  Worthley,^  the  larvae 

6  Caffrey,  D.  J.,  and  Worthley,  L.  H.    a  progress  report  on  the  investigations  of  the  European 
CORN  BORER.    U.S.  Dept.  Agr.  Bui.  1476,  154  p.,  illus.     1927. 
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develop  throughout  the  husk  and  grain  during  the  initial  period  of 
the  infestation  and  subsequently,  in  the  fourth  and  fifth  instars, 
some  of  them  tunnel  into  the  cob  and  shank.  These  tunnels  are 
sometimes  deep  and  sinuous,  littered  with  silk-felted  frass  (fig.  4), 
and  are  frequently  directed  into  the  center  of  the  cob  pith,  where 
there  is  good  protection  from  external  influences.  The  problem  of 
effectively  sterilizing  com  ears  by  means  of  cold  is  complicated  by 
the  presence  of  larvae  in  such  situations. 

Infested  ears  of  green  sweet  com  in  which  larvae  occupied  tunnels 
in  the  cob  were  exposed  to  several  subfreezing  temperatures  to 
determine  the  time  of  exposure  necessary  to  sterilize  such  infested 
corn.  Several  methods  of  procedure  were  employed,  as  described  in 
the  paragraphs  that  follow. 

EXPOSURE  OF  HUSKED  EARS  IN  A  PLATE  FREEZER 

One  method  involved  the  use  of  a  mechanical  refrigerator  of  the 
quick-freezing  type  (fig.  5).  Two  lots  of  green  Whipple  Yellow  corn, 
from  which,  to  insure  proper  contact  for  maximum  conductivity,  all 
the  husks  except  the  innermost  layer  had  been  stripped,  were  packed 
one  layer  deep  in  paper  cartons  and  placed  between  metal  plates  2 


Figure  4.— Tunnels  of  the  European  corn  borer  in  the  cob  pith. 

inches  thick  through  which  the  refrigerant  was  circulated.  These 
plates  were  then  adjusted  to  make  contact  under  slight  pressure  with 
the  top  and  the  bottom  of  each  carton.  The  ears  were  exposed  thus 
to  —22°  F.  for  4  hours  while  the  temperature  of  the  cob  pith  was 
brought  to  0°.  At  the  end  of  this  time  one  lot  was  defrosted  imme- 
diately at  +  65°  and  the  other  was  stored  for  24  hours  in  a  cold  room  at 

—  20°  in  accordance  with  one  of  the  commercial  practices. 

The  results  with  this  method  of  exposure  are  given  in  table  3,  lots 
1  and  2. 

The  effectiveness  of  this  method  of  refrigeration  in  cold-steriliza- 
tion practice  is  apparent  when  the  results  are  compared  with  those 
obtained  wdth  unprotected  larvae.  It  has  been  sho^\^l  (table  2)  that 
when  fifth-instar  larvae  are  cooled  in  air  at  0°  an  exposure  of  150 
minutes  is  required  to  obtain  complete  mortality.  However,  in 
Whipple  Yellow  com  that  had  been  plate-frozen  for  4  hours  the  tem- 
perature at  the  center  of  the  cob  pith  was  maintained  at  or  below  0° 
during  a  period  of  25  minutes  or  less  (fi^.  2)  and  such  exposure  (table 
3,  lots  1  and  2)  w^as  fatal  to  all  infesting  larvae.  Inasmuch  as  all 
the  borers  were  killed  during  a  4-hour  freezing  treatment,  storage  at 

—  20°  is  apparently  unnecessary  for  purposes  of  sterilization. 
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This  difference  in  the  time  required  to  bring  about  complete  mor- 
tality of  larvae  may  be  explained  as  follows:  In  the  case  of  the  unpro- 
tected larvae,  heat  was  lost  through  direct  exposure  to  the  air,  and 
this  method  of  cooling  requires  an  extended  period  of  time.  In  the 
case  of  the  larvae  inhabiting  tunnels  in  plate-frozen  ears  of  com,  the 
borers  were  in  contact  with  a  solid,  and  when  the  corn  ear  was  chilled 
heat  was  lost  by  conduction  from  the  insect  to  the  tunnel  wall. 
Furthermore,  in  the  plate  freezer  each  ear  was  in  indirect  contact  along 
both  the  lower  and  the  upper  surfaces  with  a  solid  the  temperature 
of  which  was  —22°  F.,  so  that  rapid  conduction  of  heat  from  the  corn 
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Figure  5.— Plate  freezer  used  in  quick  freezing.  Green  ears  of  sweet  corn  were  packed  in  parafflned-paper 
cartons  for  cold-sterilization  tests.  The  cartons  are  shown  here  in  contact  with  the  metal  plates  through 
which  a  refrigerant  circulates. 

was  provided.  When  the  temperature  of  the  tunnel  walls  in  this 
com  reached  0°,  the  heat  loss  from  infesting  larvae  was  greatly 
accelerated  and  susceptible  tissues  within  the  larvae  were  cooled  to  a 
lethal  temperature  sooner  than  if  the  heat  were  lost  by  direct  exposure 
to  the  air. 

It  is  therefore  apparent  that  the  greater  lethal  effect  of  cooling  on 
larvae  in  the  tunnels  of  a  quick-frozen  ear  of  corn  than  on  larvae  ex- 
posed in  still  air  is  due  to  the  method  of  cooling.  Little  importance  is 
attached  to  the  tunnel  opening  as  a  means  of  coohng  the  larvae  inhabit- 
ing the  cob  pith.  The  tunnels  of  the  cob  pith  in  the  com  used  in  these 
expermients  were  deep,  shghtly  sinuous,  and  littered  with  silk-felted 
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frass  (fig.  4),  and  the  dead  air  contained  in  such  a  tunnel  is  more  likely 
to  insulate  a  larva  than  to  freeze  it. 

Stiles  ^  has  considered  at  length  this  difference  in  cooling  rate  ob- 
taining when  materials  are  exposed  in  air  and  when  in  contact  with  a 
substance  of  higher  thermal  conductivity.  In  one  experiment  com- 
paring the  time  required  to  cool  a  5-percent  gelatin  solution  from  20° 
C.  (68°  F.)  to  -2°  C.  (28.4°  F.)  in  still  air  at  - 10°  C.  (14°  F.)  and  in 
still  brine  at  the  same  temperature^,  he  found  that  960  minutes  was 
required  when  the  gelatin  was  cooled  in  still  air  whereas  in  still  brine 
173  minutes  was  sufficient.  We  thus  see  that  the  gelatin  cooled 
5.5  times  as  rapidly  in  contact  with  the  brine  as  in  still  air. 

EXPOSURE  OF  UNHUSKED  EARS  IN  A  REFRIGERATOR  AND  IN  COLD  ROOMS 

Another  method  of  cooling  consisted  in  exposing  unhusked  ears  in  a 
refrigerated  show  case  and  in  the  cold  rooms  of  a  cold-storage  plant. 
The  ears  of  one  lot  were  placed  in  the  open  bins  of  the  refrigerator, 
where  they  were  cooled  for  65  hours  at  17.6°  F.,  those  of  another  lot 
were  placed  m  the  wooden  bins  of  a  cold  room  at  0°  for  42  hours,  and 
those  of  a  third  lot  were  exposed  under  conditions  identical  with  those 
for  the  preceding  lot  except  that  the  exposure  was  lengthened  to  65 
hours.  The  results  are  shown  in  table  3,  lots  3,  4,  and  5,  respectively. 
In  lot  3  three  larvae,  occupying  tunnels  in  the  cob  pith,  survived  the 
exposure  and  exhibited  externally  no  abnormal  effects,  in' lot  4  one 
apparently  normal  larva  was  found  in  a  cob-pith  tunnel,  whereas  in 
lot  5  none  of  the  larvae  survived.  It  is  therefore  seen  that,  in  order 
to  obtain  complete  sterilization  by  this  method,  the  time  of  treatment 
must  be  longer  than  when  a  plate  freezer  is  used. 

A  cold-room  exposure  of  loose  ears  during  18  hours  at  —20°  F. 
resulted  in  100  percent  mortality  of  the  contained  larvae  (lot  6),  and 
the  use  of  this  temperature  and  this  exposure  period  is  considered  safe 
in  treatment  of  products  for  interstate  shipment.  Before  comparing 
the  results  with  those  for  the  larvae  exposed  in  the  plate  freezer, 
however,  consideration  should  be  given  to  the  conditions  of  this 
experiment.  Previous  to  the  exposure  these  ears  had  been  stored  in 
bushel  boxes  in  a  room  the  temperature  of  which  was  76°  F.  In  the 
cold  room  they  were  then  piled  from  4  to  8  deep  in  a  wooden  bin. 
Although  the  air  temperature  of  this  room  was  only  0°,  some  of  the 
ears  were  not  so  situated  as  to  permit  rapid  cooling,  and  all  of  them 
were  protected  by  their  natural  husks.  In  the  centrally  placed  ears 
the  rate  of  temperature  decline  is  slower  than  in  the  ears  at  the  sur- 
face of  the  piles  or  in  contact  with  materials  whose  conductivity  is 
greater  than  that  of  air.  For  this  reason  the  rate  of  temperature  de- 
cline from  the  cob  pith  in  such  ears  is  not  comparable  with  that  when 
the  corn  is  exposed  in  the  plate  freezer.  Furthermore,  cold-room 
chilling  methods  are  subject  to  air  pocketing  that  is  difficult  to  avoid 
unless  the  products  being  treated  are  exposed  in  a  single  layer. 

Still  more  individual  variation  in  the  rate  of  heat  loss  occurs  when 
the  ears  are  placed  in  a  cold  room  in  bushel  boxes.  Com  packed  in 
this  manner  has  many  air  pockets  which  insulate  the  material  from 
the  chilled  air  of  the  room;  the  box  carries  warm  air  with  it  into  the 


7  Stiles,  W.  the  preservation  of  food  by  freezing  with  special  reference  to  fish  and  meat: 
A  study  in  general  physiology.  [Gt.  Brit.]  Dept.  Sci.  and  Indus.  Kesearch,  Food  Invest.  Bd.  Spec. 
Rpt.  7,  186  p.,  illus.     1922. 

8  Stiles,  W.     Op.  cit.,  p.  91. 
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cold  room;  and  finally,  owing  to  rapid  metabolism,  the  com  continues 
to  generate  heat  imtil  artificial  cooling  has  caused  its  temperature  to 
drop  to  a  level  at  which  limited  metabolism  takes  place. 

An  experiment  during  which  the  temperature  decline  for  the  early- 
part  of  the  exposure  was  recorded  emphasizes  the  importance  of  this 
factor.  Four  boxes  of  heavily  infested  Golden  Sunshine  green  sweet 
corn  were  stacked  on  a  table  in  a  cold  room  maintained  at  0°  F. 
Stick  separators  were  not  employed  and  the  room  was  not  provided 
with  forced-air  circulation.  The  cover  of  each  box  was  nailed  in 
place  and  handle  holes  and  other  openings  were  closed.  Through 
the  sides  of  each  of  the  two  middle  boxes  a  w^ooden  tube  open  at 
both  ends  was  inserted  to  protect  an  alcohol  thermometer  that  ex- 
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Figure  6.— Temperature-time  curve  for  the  central  air  spaces  of  bushel-box  packs  of  green  Golden  Sun 
shine  sweet  corn  exposed  at  0°  F.  in  a  cold  room.  Curve  A-B,  no  ventilation  for  48  hours;  curve  C-D 
cover  of  box  removed  after  15  houis. 


tended  into  spaces  between  the  ears  at  the  center  of  the  pack.  The 
effect  of  ventilation  on  the  decline  in  temperature  when  the  box  cov- 
ers w^ere  removed  after  15  hours  and  after  48  hours  is  shown  in  figure 
6.  In  the  box  that  was  ventilated  the  general  decline  was  rapid  after 
the  cover  was  removed,  whereas  in  the  box  that  remained  closed  the 
temperature  dropped  during  33  hours  to  a  point  w^here  e(juilibrium 
was  reached  between  heat  lost  to  the  exterior  and  that  gamed  from 
the  ears. 

It  is  believed  that  heat  production  is  also  greatly  accelerated  by 
micro-organisms  which  infect  tunneled  com,  and  this  may  have  been 
an  important  cause  of  the  high  temperature  of  this  corn  when  it  was 
placed  in  storage.  This  com  was  harvested  when  the  air  tempera- 
ture in  the  field  was  89°  F.  and  it  was  packed  in  the  shade.     It  was 
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placed  in  the  cold  room  (0°)  1  hour  after  being  packed.  It  will  be 
noted  in  figure  6  that  30  minutes  after  being  placed  in  the  cold  room 
the  temperature  within  one  box  was  95°  (curve  A-B)  and  in  the  other 
85°  (curve  C-D).  This  would  indicate  that  during  the  60  minutes 
that  these  boxes  had  been  covered  previous  to  exposure  in  the  cold 
room  a  considerable  rise  in  temperature  had  occurred. 

In  commercial  packs  sweet  corn  is  rarely  boxed  with  close-fitting 
covers.  Two  slats  usually  take  the  place  of  a  cover;  otherwise, 
owing  to  the  rapid  metabolism  occurring  at  this  time,  heat  accumu- 
lates faster  than  it  can  be  conducted  to  the  exterior  and  the  value 
of  the  corn  is  seriously  affected. 

EXPOSURE  TO  COLD-STORAGE  TEMPERATURES  IN  BUSHEL  PACKS 

The  value,  in  cold  sterilization,  of  two  commonly  available  cold- 
storage  temperatures,  0°  and  +30°  F.,  was  determined  when  the 
usual  commercial  packing  methods  were  followed. 

Heavily  infested  green  ears  of  Golden  Sunshine  sweet  com  were 
packed  in  standard  bushel  boxes  and  placed  immediately  in  cold 
rooms.  Open-top  ventilation  and  separator  sticks  were  employed  to 
facilitate  rapid  chilling,  and  the  temperatures  prevailing  in  spaces 
between  ears  at  the  center  of  the  pack  were  obtained  by  means  of 
alcohol  thermometers. 

The  procedure  and  the  mortality  and  survival  data  for  these  experi- 
ments are  summarized  in  table  3  (lots  7  to  12).  Lots  7  and  8  were 
held  at  +30°  F.  for  6  and  14  days,  respectively.  Lot  9  consisted  of 
two  boxes  of  naturally  infested  ears  that  had  also  been  artificially 
tunneled  and  infested  in  the  cob  pith.  After  insertion  of  the  larvae 
the  holes  had  been  stopped  with  squared  plugs.  Some  of  the  larvae 
bored  out  of  these  tunnels.  These  ears  were  exposed  to  0°  for  6 
days,  and  it  is  believed  that  ventilation  was  ample.  Lot  10  was  also 
exposed  to  0°  for  6  days,  but  was  not  ventilated  during  the  first  2 
days  of  exposure.  Lot  11  consisted  of  6  boxes  of  corn  exposed  to 
0°  for  8  days  with  the  usual  ventilation. 

The  high  survival  of  the  larvae  in  lots  7  and  8  (84.4  and  66.7  percent, 
respectively)  indicates  that  +  30°  F.  is  not  a  practicable  temperature 
for  cold  sterilization.  In  the  lots  exposed  at  0°,  however,  the  mor- 
tality of  the  larvae  was  practically  complete.  Two  fourth-instar 
larvae  inhabiting  cob-pith  tunnels  in  ears  of  lot  10  survived  the  ex- 
posure and  completed  their  life  cycle.  Since  the  ears  in  this  lot  were 
not  ventilated  during  the  first  2  days  of  storage,  the  results  are  only 
approximate.  The  importance  of  ample  ventilation  in  sterilizing 
green  corn  by  exposure  to  0°  is  emphasized,  however. 

In  cold-sterilization  practice  it  has  been  established  that  when  bulk 
lots  of  green  sweet  corn  are  chilled  at  0°  F.  in  the  cold  room,  the 
bushel  containers  being  provided  with  stick  separators  and  open-top 
ventilation,  infesting  larvae  of  the  European  corn  borer  are  killed 
during  an  exposure  of  8  days  after  the  central  spaces  of  the  pack 
have  reached  a  temperature  of  0°. 
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SUMMARY 

A  study  was  made  of  the  temperatures  that  are  lethal  to  the 
European  corn  borer  infesting  green  ears  of  sweet  corn  and  the  time 
of  exposure- necessary  to  secure  complete  mortality. 

When  exposed,  unprotected,  in  still  air,  the  following  exposures 
were  found  to  be  lethal  to  fifth-instar  larvae:  10  minutes  at  —25°  F., 
12K  minutes  at  -20°,  20  minutes  at  -10°,  150  minutes  at  0°,  and 
65  hours  at  15°. 

Eggs  and  pupae  attached  to  foliage  were  destroyed  by  exposure  to 
approximately  0°  F.  for  48  hours. 

Uninfested  ears  of  green  sweet  corn  exposed  to  —22°  F.  in  a  plate 
freezer  showed  a  reduction  of  the  cob-pith  temperature  to  0°  after  3 
or  4  hours,  according  to  the  variety;  but  when  exposed  to  0°  in  a  ven- 
tilated cold  room  15  hours  were  required  for  the  cob-pith  temperature 
to  drop  to  0°. 

The  following  exposures  of  infested  ears  of  corn  produced  complete 
mortality  of  the  larvae  occupying  tunnels  in  the  cob  pith:  4  hours  in  a 
plate  freezer  at  —22°  F.,  18  hours  in  a  cold  room  at  —20°,  and  65 
hours  in  a  cold  room  at  0°.  Exposure  of  ears  packed  in  bushel  boxes 
in  a  cold  room  at  30°  killed  only  15.6  percent  of  the  larvae  after  6 
days. 

\Ylien  green  sweet  corn  is  packed  in  bushel  boxes  haying  nonventi- 
lating  covers,  heat  is  accumulated,  previous  to  the  chilling,  as  a  result 
of  the  rapid  metabolism  of  the  ears,  and  such  packs  are  chilled  with 
difficulty  in  a  cold  room  at  0°  F.  When  corn  was  packed  in  ventilated 
boxes,  however,  and  exposed  in  a  cold  room  according  to  conmaercial 
practice,  and  the  central  spacies  of  the  pack  were  subjected  to  0°  for 
8  days,  all  the  infesting  larvae  were  killed.  The  treatment  of  corn  in 
this  manner  for  8  days  following  establishment  of  air  temperature  of  0° 
in  the  central  spaces  of  the  pack  is  considered  to  provide  a  safe  mini- 
mum interval  of  exposure  in  cold-sterilization  practice. 

These  experiments  indicate  that,  owing  to  the  resistance  to  cold 
characteristic  of  the  European  corn  borer,  and  because  it  inhabits  a 
host  providing  insulation,  corn  must  be  processed  by  means  of  zero,  or 
subzero,  temperatures  (Fahrenheit)  if  all  the  infesting  larvae  are  to  be 
kiUed. 
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INTRODUCTION 

The  practice  of  cutting  potatoes  into  seed  pieces  in  advance  of 
planting  time  is  often  followed  in  various  sections  of  the  country.  The 
principal  reason  for  this  practice  is  the  more  economical  distribution 
of  labor  that  it  affords.  In  slack  times,  or  during  weather  unfavorable 
for  outdoor  work,  the  grower  can  get  the  seed  cut  and  ready,  giving 
all  his  energy  to  planting  the  crop  when  conditions  are  favorable. 

However,  there  seems  to  be  no  uniformity  in  the  methods  of  hand- 
ling or  of  storage  of  such  potato  seed  pieces  in  advance  of  planting, 
and  at  times  decidedly  adverse  results  have  been  obtained.  Very 
little  reliable  information  has  been  published,  since  Uttle  comprehen- 
sive research  has  been  devoted  to  a  study  of  the  influence  on  yield  of 
the  advance  cutting  and  storage  of  potato  seed  pieces. 

Much  has  been  written  regarding  the  effect  of  various  temperatures 
on  the  healing  or  corking  over  of  cut  or  w^ounded  surfaces  of  potatoes. 
Many  of  these  studies  have  been  pathological  in  scope,  being  con- 
cerned with  the  formation  of  wound  periderm  which  prevents  the 
entrance  of  various  decay  organisms  during  storage. 

Probably  the  most  comprehensive  discussion  of  this  process  of  heal- 
ing is  given  by  Priestley  and  WofFenden,^  and  is  based  on  their  own 
work  and  that  of  previous  investigators.  Briefly  they  state  that  a 
microscopic  examination  made  of  potato  seed  pieces  kept  under  favor- 
able conditions  a  few  hours  after  cutting  shows  an  impermeable 

'  Priestley,  J.  11.,  and  Woffenden,  L.  M.    the  healing  of  wounds  in  potato  tubers  and  thieir 
PROPAGATION  BY  CUT  SETS.    Ann.  Apl.  Biol.  10:  9&-115,  illus,  1923. 
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deposit  forming  around  and  between  the  cell  walls  to  a  depth  of  two 
or  even  more  layers  of  cells  beneath  the  cut  surface.  This  deposit, 
forming  a  ''suberin"  layer,  is  built  up  by  the  oxidation  and  condensa- 
tion of  fatty  substances  from  free  sap  drying  at  the  surface  in  the 
presence  of  oxygen.  This  layer  effectively  serves  to  block  the  region 
beneath  the  wounded  surface  and  protects  it  from  penetration  by 
pathogenic  organisms  and  from  excessive  evaporation.  This  process 
was  studied  at  59°  and  77°  F.,  and  the  rate  of  formation  at  the  latter 
temperature  was  found  to  be  twice  that  at  the  former.  When  formed 
in  a  moist  atmosphere  this  protective  layer  is  continuous,  but  in  a  dry 
atmosphere  and  especially  in  sunlight  it  may  not  be  continuous  and 
therefore  is  not  an  effective  barrier.  Further,  under  the  latter  condi- 
tions the  sap  freed  from  the  wounded  cells  along  the  cut  surface  tends 
to  dry  quickly  into  a  brittle  crust,  effectively  cutting  off  oxygen  essen- 
tial to  the  formation  of  the  protective  suberin  deposit  just  described. 
Later  this  crust  cracks,  leaving  avenues  of  entry  to  the  unprotected 
inner  tissues  for  such  decay  organisms  as  may  be  present  and  also  for 
the  escape  of  moisture.  With  the  formation  of  the  suberin  layer, 
however,  the  process  of  healing  is  not  complete.  Under  favorable 
conditions,  in  from  24  to  48  hours  after  cutting,  there  begins  to  form 
below  this  suberin  deposit  a  layer  of  cork  which  is  the  result  of  actively 
dividing  cells  in  a  layer  of  more  or  less  flat  cells  three  or  more  thick 
and  lying  roughly  parallel  to  the  cut  surface.  This  new  layer  is  known 
as  the  cork  phellogen  or  wound  periderm.  The  authors  show  that 
there  is  a  marked  difference  in  varieties  as  to  the  rate  of  wound  heahng 
under  identical  conditions. 

Artschwager,^  in  his  study  of  wound  periderm  in  the  potato  as 
related  to  temperature  and  humidity,  found  that  in  the  Irish  Cobbler 
variety  no  wound-periderm  cells  appeared  at  temperatures  lower  than 
44.6°  F.  At  this  temperature  the  first  periderm  cells  appeared  after 
the  ninth  day,  at  50°  after  the  fourth  day,  at  59°  after  the  third  day, 
and  at  70°  after  the  second  day.  At  these  various  temperatures  he 
found  that  the  most  rapid  formation  was  at  relatively  high  humidities. 

Weiss,  Lauritzen,  and  Brierley,^  in  their  study  of  the  development 
of  various  species  of  Fusarium  rot  in  six  varieties  of  potatoes,  noted  a 
marked  varietal  difference  in  healing  to  prevent  infection.  They 
found  that  with  the  Rural  New  Yorker  variety  3  to  4  days  at  70°  F. 
were  required  to  produce  a  wound  periderm  that  could  prevent  the 
entrance  of  Fusarium  coeruleum  and  F.  sulphureum;  5  or  6  days  at 
60°  were  required,  and  8  or  more  days  at  50°.  With  the  Spaulding 
Rose  variety,  which,  like  the  Irish  Cobbler,  forms  a  wound  periderm 
more  rapidly,  only  1  to  3  days  were  required  at  70°  and  60°. 

The  primary  purpose  of  this  investigation  was  to  determine  the 
best  method  for  the  handling  and  storage  of  cut  seed  pieces.  Since 
the  practice  of  cutting  potatoes  in  advance  of  planting  is  established 
and  adverse  results  are  often  met  owing  to  improper  methods,  it 
seemed  desirable  to  develop  methods  whereby  as  good  yields  could  be 
obtained  as  when  the  seed  is  cut  just  before  planting.  The  scope  of 
this  study  was  twofold.  (1)  It  was  desired  to  determine  and  com- 
pare the  relative  vigor  of  growth  and  yield  from  seed  cut  and  stored 
in  advance  of  planting  with  that  from  seed  cut  immediately  before 

2  Artschwager,  E.    wound  periderm  formation  in  the  potato  as  affected  by  temperature  and 
HUMIDITY.    Jour.  Agr.  Research  35:  995-1000,  illus.    1927. 

3  Weiss,  F.,  Lauritzen,  J.  I.,  and  Brierley,  P.    factors  in  the  inception  and  development  of 
FUSARIUM  ROT  IN  STORED  POTATOES.    U.S.  Dept.  Agr.  Tech.  Bul.  62,  36  p.,  illus.    1928. 
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planting.  (2)  It  was  desired  to  compare  the  vigor  and  yield  from 
seed  pieces  stored  for  different  lengths  of  time  at  different  temperatures 
and  humidities. 

MATERIALS   AND   METHODS 

The  investigation  reported  herein  was  conducted  by  the  writers 
from  1926  to  1930  on  potatoes  grown  and  stored  at  the  Arlington 
Experiment  Farm  in  Virginia,  near  Washington,  D.C.  The  investi- 
gation in  1926,  1927,  and  1928  includes  the  results  from  two  plantings 
each  year  of  both  stored  seed  pieces  and  seed  freslily  cut  at  the  time 
of  planting,  one  planting  being  made  during  March  or  April  of  each 
year  while  the  other  was  made  early  in  July.  In  1929  only  a  late 
crop  was  planted;  in  1930  only  an  early  crop.  The  growing  of  two 
crops  each  year  was  not  for  the  purpose  of  comparing  early  and  late 
plantings  but  rather  to  obtain  additional  experimental  data  in  a  single 
year  upon  the  problem  being  studied. 

VARIETY   AND  SOURCE  OF  SEED 

The  seed  used  in  these  experiments  was  carefully  selected  from  stock 
grown  by  the  United  States  Department  of  Agriculture  either  at 
Presque  Isle,  Maine,  or  at  the  Arlington  farm.  The  seed  stocks  used 
were  authentic  and  included  the  varieties  Irish  Cobbler,  Triumph, 
Green  Mountain,  and  Russet  Rural. 

SEED  CUTTING   AND  STORAGE 

Previous  to  cutting  into  seed  pieces,  all  lots  of  potatoes  were  treated 
for  the  control  of  various  tuber-surface  diseases  with  hot  formalde- 
hyde solution  in  the  proportion  of  1  pint  to  15  gallons  of  water.  The 
solution  was  kept  at  a  temperature  of  122°  to  126°  F.,  and  the  potatoes 
were  immersed  for  3  minutes.  After  thoroughly  drying,  which  usually 
required  about  24  hours,  the  tubers  were  cut  with  a  sharp,  thin- 
bladed  knife  into  seed  pieces  of  approximately  2  ounces.  The  seed 
pieces  were  then  thoroughly  mixed  to  eliminate  any  individual 
differences  due  to  different  cutters,  and  were  apportioned  into  sublots 
as  desired  for  the  various  storage  conditions.  After  the  first  24  hours 
of  storage  the  cut  seed  was  poured  from  one  container  to  another,  to 
break  apart  the  pieces  that  tended  to  stick  together.  In  the  1926  and 
1927  experiments  this  was  repeated  each  24  hours  during  the  storage 
period,  since  at  this  time  the  effect  of  humidity  on  the  seed  pieces  was 
a  special  feature,  and  it  was  thought  that  by  this  procedure  a  more 
nearly  uniform  humidity  could  be  maintained  throughout  the  sample. 

THE  PLANTING   PLAN 

The  early  crop  each  year  was  planted  in  April  and  the  late  crop  in 
July,  while  the  harvestmg  of  each  crop,  respectively,  was  in  late  July 
or  early  August  and  late  October  or  early  November.  In  1926  two 
replications  of  lots  from  each  storage  condition  were  planted,  while 
for  the  other  years  four  replications  were  made  and  arranged  so  as 
not  to  be  adjacent.  The  planting  scheme  was  to  set  in  regular  rota- 
tion rows  representing  each  storage  condition.  In  1926  the  seed 
pieces  were  set  every  14  inches  in  rows  39.4  inches  apart,  while  in  the 
succeeding  years  the  pieces  were  set  every  12  inches  m  rows  32  inches 
apart.     Throughout  the  investigation,  rows  66  feet  long  were  used. 
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CULTURAL  METHODS   AND  HARVESTING 

Planting  and  digging  were  done  by  hand  in  1926  and  1927  and  by 
machinery  thereafter,  the  planter  being  of  the  2-man  type.  Grading 
was  done  by  hand  more  easily  to  keep  the  various  lots  separated. 
Sufficient  cultivation,  fertilization,  and  spraying  were  practiced  to 
insure  keeping  the  plants  in  a  thrifty  growing  condition.  Each  year 
when  the  plants  were  from  8  to  10  inches  high  a  count  was  made  to 
determine  the  relation  of  the  actual  stand  to  the  number  of  seed  pieces 
planted  per  row.  Harvesting  was  delayed  until  practically  all  the 
vines  were  dead.  The  potatoes  from  each  row  were  put  in  labeled 
baskets  after  digging  and  hauled  directly  to  the  workroom  in  the 
storage  building  where,  after  drying  off  for  24  to  48  hours,  they 
were  separated  into  two  grades  designated  as  no.  1,  including  all 
normal  potatoes  corresponding  in  size  with  U.S.  Grade  No.  1,  and 
no.  2,  corresponding  with  the  U.S.  Grade  No.  2.  The  remaining 
tubers  were  discarded. 

INVESTIGATIONS   IN    1926   AND    1927 

TEMPERATURE   AND  HUMIDITY  STUDIES 

In  each  of  the  years  1926  and  1927  two  cuttings  of  seed  were  made, 
one  10  days  ahead  of  the  other,  so  that  when  planted  the  two  lots 
had  been  stored  for  approximately  10  and  20  days.  These  periods 
varied  because  the  exact  time  of  planting  depended  upon  weather 
conditions.  After  being  cut,  each  lot  was  thoroughly  mixed  and 
apportioned  into  9  sublots  of  about  30  pounds  each.  These  sub- 
lots  were  stored  at  temperatures  of  32°,  40°,  and  50°  F.,  with  relative 
humidities  of  approximately  70,  80,  and  95  percent  at  each  tempera- 
ture, making  nine  storage  conditions  in  all.  At  the  conclusion  of  the 
storage  period,  all  lots  were  removed  and  left  overnight  at  ordinary 
room  temperature,  to  bring  them  all  to  a  uniform  temperature  before 
planting.  The  seed  pieces  from  all  the  low  humidities  became  rather 
dark  in  color  on  the  cut  surfaces  and  more  or  less  shriveled,  owing  to 
loss  of  water.  Some  mold  growth  was  evident  on  the  cut  surfaces  of 
the  pieces  in  all  temperatures  at  these  humidities.  The  seed  pieces 
kept  at  the  intermediate  humidities  were  only  slightly  wilted,  while 
those  kept  at  liigh  humidities  were  still  rather  turgid,  light  in  color 
over  the  cut  surfaces,  and  free  from  any  mold  growth.  In  none  of  the 
lots  from  the  32°  storage  temperature  were  the  cut  surfaces  properly 
healed  or  corked  over.  The  surfaces  were  covered  with  a  brittle 
crustlike  layer  which  readily  cracked  and  rubbed  off  during  handling. 
This  condition  was  also  apparent  to  some  extent  in  samples  kept  at 
the  lowest  humidities  and  the  higher  storage  temperatures.  The 
cut  surfaces  of  seed  pieces  kept  at  the  intermediate  and  high  humidities 
at  40°  were  only  fairly  well  healed  over,  whereas  at  50°  at  these 
humidities  a  definite  corklike  suberin  layer  was  developed  that  was 
more  or  less  resistant  to  ordinary  handling. 

In  1927  the  various  lots  of  cut  seed  were  weighed  when  put  in 
storage  and  when  removed.  In  table  1  is  shown  the  average  per- 
centage of  loss  in  weight  of  all  varieties  when  stored  under  the  different 
conditions.  It  will  be  noted  that  Httle  difference  in  loss  of  weight  is 
apparent  for  cut  seed  kept  at  the  high  humidities  for  different  periods 
of  time,  but  in  cut  seed  kept  at  the  low  humidities,  while  loss  was 
greater  than  at  the  high  humidities,  it  increased  with  the  length  of  the 
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storage  period.  This  increase  indicates  a  lack  of  protective  healing 
or  corking  over  of  the  cut  surfaces,  which  at  the  high  humidities, 
even  at  32°  F.,  apparently  soon  developed  sufficiently  to  greatly 
restrict  the  loss  of  weight. 

Table  1. — Average  percentage  of  loss  in  weight  of  cut  seed  potatoes  stored  from  9  to 
21  days  at  different  temperatures  and  relative  humidities ,  1927 


Loss   in   weight  at— 

Planting  and  dura- 
tion of  storage 

32°  F. 

40°  F. 

50°  F. 

Low 
humid- 
ity 

Medium 
humid- 
ity 

High 
humid- 
ity 

Low 
humid- 
ity 

Medium 
humid- 
ity 

High 
humid- 
ity 

Low 
humid- 
ity 

Medium 
humid- 
ity 

High 
humid- 
ity 

Early: 

12  days 

Percent 
6.3 
7.0 

4.4 

6.9 

Percent 
3.8 
4.2 

2.3 
3.4 

Percent 
1.8 
2.0 

1.5 
1.6 

Percent 
7.1 

8.5 

4.4 
11.0 

Percent 
3.3 

4.8 

3.0 

1.1 

Percent 
1.8 
1.6 

2.2 
3.1 

Percent 
8.3 
18.2 

6.4 
15.4 

Percent 
3.8 
5.6 

4.5 
9.0 

Percent 
2.7 

20  days 

2.5 

Late: 

Qdays 

1.8 

21  days 

4.5 

In  1926  no  field  comparisons  were  made  with  plantings  of  potatoes 
that  were  freshly  cut  just  before  planting.  In  1927  the  uncut  check 
tubers  were  held  throughout  the  test  at  all  the  temperatures,  together 
with  the  cut  seed  pieces,  in  order  to  give  a  complete  comparison 
between  stored  seed  pieces  and  tubers  that  were  stored  whole  under 
similar  conditions  and  freshly  cut  at  planting  time.  However,  these 
uncut  tubers  or  checks  were  not  held  under  the  various  humidities 
with  the  cut  pieces,  since  obviously  they  would  not  be  so  directly 
affected  during  the  short-storage  period.  The  humidity  conditions 
under  which  these  checks  were  held  would  compare  closely  with  the 
intermediate  humidities  under  which  the  cut  pieces  were  held. 

In  1926  the  early  planting  included  two  lots  each  of  the  Irish 
Cobbler  and  Triumph  varieties  which  were  cut  and  stored  March  19 
and  March  30.  The  storage  periods  of  each  variety  represented  25 
and  14  days,  respectively,  as  the  potatoes  were  all  taken  out  on  April 
13  and  planted  the  following  day.  A  count  to  determine  the  number 
of  seed  pieces  germinated  was  made  33  days  after  planting,  when  all 
the  plants  which  would  be  likely  to  jrield  any  marketable  tubers  were 
up.  The  result  of  this  count  is  expressed  as  the  percentage  of  stand 
based  on  that  of  a  perfect  stand.     This  planting  was  harvested  July  28. 

In  1926  the  late  planting  included  two  lots  each  of  Irish  Cobbler, 
Triumph,  Green  Mountain,  and  Russet  Rural  varieties.  Seed  lots 
were  cut  and  stored  on  June  16  and  June  25,  taken  out  July  5,  and 
planted  the  following  day.  The  storage  periods  in  this  planting  were 
19  days  and  10  days,  respectively.  When  removed  from  storage  at 
the  low  humidities  the  seed  pieces  showed  severe  shriveling,  with 
considerable  mold  growth  over  the  cut  surfaces.  In  the  Russet 
Rural  variety  this  condition  was  most  marked,  and  considerable  decay 
was  noted  in  a  number  of  seed  pieces.  The  germination  coimt  was 
taken  33  days  after  planting.  The  Irish  Cobbler  and  Triumph  va- 
rieties maturing  earlier  were  dug  November  1 ;  the  Green  Mountain 
and  Russet  Rural  varieties  were  dug  November  11.  The  vines  of  the 
latter  varieties  had  not  matured  but  were  kiUed  by  frost  about  5  days 
before  digging. 

In  1927  the  early  planting,  including  Irish  Cobbler  and  Triumph 
varieties,  was  made  on  April  12.     Two  cut  lots  of  each  variety  which 
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had  been  held  in  storage  under  the  different  temperature  conditions  for 
20  and  12  days,  respectively,  were  planted.  Tne  percentage  of  stand 
was  determined  42  days  after  planting.  The  two  varieties  did  not 
mature  so  nearly  at  the  same  time  as  the  year  before;  the  Triumph 
was  dug  July  26  and  the  Irish  Cobbler  not  until  August  2. 

The  late  planting  in  this  year  was  made  on  July  7.  The  Irish 
Cobbler,  Triumph,  Green  Mountain,  and  Kusset  Rural  varieties 
were  again  used.  Two  cut  lots  of  each  variety  were  stored  for  21 
and  9  days,  respectively.  The  percentage  of  stand  was  determined 
by  a  count  made  18,  30,  and  36  days  after  planting. 

FIELD  OBSERVATIONS 

General  observations  of  the  growth  of  the  potatoes  in  the  field 
after  storage  under  different  conditions  demonstrated  that  seed  from 
32°  F.  did  not  germinate  so  quickly  as  that  from  40°  or  50°.  The 
plants  from  seed  stored  at  50°  appeared  above  the  soil  quicker  than 
from  seed  stored  at  the  lower  temperatures;  also,  plants  from  seed 
stored  at  the  higher  humidities  generally  appeared  above  the  ground 
before  those  from  seed  stored  at  the  lower  humidities.  G'reater 
differences  between  low  and  high  humidities  were  apparent  from  seed 
stored  for  the  longer  period  of  time.  These  differences  in  size  of 
plants  were  apparent  imtil  about  the  time  the  plants  neared  maturity, 
when  little  variance  in  size  was  noticeable.  The  plants  from  seed 
stored  at  50°  usually  came  into  bloom  first.  In  1927,  54  days  after 
the  early  planting  had  been  made,  the  plants  of  both  Irish  Cobbler 
and  Triumph  varieties  from  seed  stored  at  50°  were  practically  in 
full  bloom,  those  from  seed  stored  at  40°  showed  the  flower  stems 
elongated  but  no  bloom,  and  those  from  seed  stored  at  32°  showed 
the  flowers  in  the  early  bud  stage.  In  1927  freshly  cut  seed  was 
planted  as  checks,  and  the  stand  usually  compared  fairly  closely 
with  that  from  seed  stored  at  50°  with  high  humidity.  In  general, 
cut  seed  stored  at  the  lower  temperatures  and  humidities  did  not 
compare  favorably  with  the  freshly  cut  or  check  lots  of  seed  planted 
immediately  after  cutting. 

The  average  percentages  of  stand  of  the  various  varieties  and  lots 
of  potatoes  planted  in  1926  and  1927  are  shown  in  tables  2,  3,  and  4. 
These  results  are  calculated  as  the  percentage  of  a  perfect  stand  from 
actual  counts  made  of  the  plants  visible  above  the  soil.  In  table  2  is 
shown  the  average  stand  in  1926  of  all  varieties  used  in  both  early 
and  late  plantings.  In  table  3  is  given  the  stand  for  the  early  crop 
only  in  1927;  table  4  gives  the  stand  for  the  late  crop  at  three  periods, 
the  first  and  second  counts  being  taken  before  all  the  potato  plants 
had  appeared,  showing  which  group  of  seed  was  the  first  to  germinate. 
Without  regarding  the  individual  varieties,  these  results  show  a  defi- 
nite but  rather  insignificant  increase  in  stand  as  the  humidity  at 
which  the  seed  was  stored  increased.  Also  in  most  cases  the  stand 
increased  (especially  in  1927)  as  the  storage  temperature  increased 
from  32°  to  50°  F.  However,  these  results  are  not  entirely  consistent, 
for  especially  in  1926,  when  studying  individual  cases,  results  at 
variance  with  the  general  average  were  noted.  For  the  late  crop 
in  1927,  germination  records  were  taken  18,  30,  and  36  days  after 
planting,  in  order  to  determine  the  comparative  rate  of  germination 
of  seed  pieces  stored  under  the  conditions  described. 
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Table  2. — Average  percentage  of  stand  in  the  1926  early  and  late  crops  of  potatoes 
from  cut  seed  pieces  stored  at  different  temperatures  and  relative  humidities  for 
various  periods  of  time  before  planting 


Planting  and  variety 


Early: 

Irish  Cobbler.... 

Triumph 

Irish  Cobbler.-.. 

Triumph 

Late: 

Irish  Cobbler.... 

Triumph 

Oreen  Mountain 

Russet  Rural 

Irish  Cobbler... - 

Triumph 

Qreen  Mountain 

Russet  Rural 


Period  of 

storage 

after 

cutting 


Days 


Storage 
tempera- 
ture 


Stand  from  cut  seed  stored  in- 


Low 

humidity 


Percent 
82.5 
89.5 
90.4 
80.7 
86.8 
71.9 
86.8 
89.5 
84.2 
81.6 
85.1 
93.9 

97.0 
93.9 
78.1 
95.6 
90.4 
86.8 
91.2 
67.5 
73.7 
77.2 
66.7 
85.1 
94.8 
95.6 
90.4 
94.8 
94.8 
83.3 
99.1 
92.1 
86.0 
89.5 
79.0 
90.4 


Medium 
humidity 


Percent 
85.1 
90.4 
89.5 
79.0 
80.7 
81.6 
86.8 
83.3 
86.0 
73.7 
87.7 
93.9 

98.2 
96.5 
94.8 
98.2 
97.4 
98.2 
92.1 
92.9 
94.8 
83.3 
78.1 
73.7 
98.2 
96.5 
96.5 
99.1 
99.1 
100.0 
99.1 
95.6 
97.4 
89.5 
91.2 
71.1 


High 
humidity 


Percent 
93.9 
93.9 
86.0 
93.9 
92.1 
88.6 
86.0 
90.5 
92.9 
82.5 
93.9 
91.2 

100.0 
99.1 
98.2 
97.4 

100.0 
98.2 
94.8 
99.1 
97.4 
89.5 
96.5 
96.5 
96.5 
98.2 
96.5 
97.4 
98.2 

100.0 
99.1 

100.0 
99.1 
91.2 
95.6 
90.4 


Table  3. — Average  percentage  of  stand  in  the  1927  early  crop  of  potatoes  from  cut 
seed  pieces  stored  at  different  temperatures  and  relative  humidities  for  different 
periods  of  time  before  planting,  as  compared  with  the  stand  from  seed  stored  whole 
in  medium  humidity  at  the  same  temperatures,  but  cut  immediately  before  planting 


Variety 


Irish  Cobbler 

Triumph 

Irish  Cobbler 
Triumph 


Period  of 

storage 

after 

cutting 


Days 


20 


Storage 
temper- 
ature 


'F. 


Stand  from  cut  seed  stored 
in- 


Low 
humidity 


Percent 
89.6 
94.8 
92.5 
80.2 
93.7 
87.3 
96.9 
96.9 
96.5 
92.5 
95.9 
93.7 


Medium 
humidity 


Percent 
92.5 
95.5 
99.3 
92.8 
95.9 
98.6 
97.0 
96.3 
97.4 
93.3 
98.9 
96.3 


High 
humidity 


Percent 
93.3 
98.5 
99.3 
94.4 
98.9 
100.0 
98.9 
97.4 
98.1 
97.0 
99.3 
98.1 


Stand 
from 
whole 
seed 
stored  at 
medium 
humidity 
and  cut 
immedi- 
ately 
before 
planting 


Percent 
98.9 
98.9 
99.6 
96.3 
98.1 
98.9 
97.0 
98.9 
98.9 
95.5 
95.5 
98.1 
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Table  4. — Percentage  of  stand  in  the  1927  late  crop  of  potatoes  from  cut  seed  pieces 
stored  at  different  temperatures  and  relative  humidities  for  different  periods  of 
time,  as  compared  ivith  the  stand  from  seed  stored  whole  in  medium  humidity  at 
the  same  temperatures  and  cut  immediately  before  planting 

[Stand  records  taken  18,  30,  and  36  days  after  planting] 


Stand  at  designated  periods  from  cut  seed  stored  in- 

Stand  from  seed 

Stor- 

stored in  me 
humidity  ar 

dium 

id  cut 

Seed  storage  period 
and  variety 

age 
tem- 
pera- 
ture 

Low  humidity 

Medium 
humidity 

High  humidity 

immediately  be- 
fore planting 

18 

30 

36 

18 

30 

36 

18 

30 

36 

18 

30 

36 

days 

days 

days 

days 

days 

days 

days 

days 

days 

days 

days 

days 

21  days: 

o^ 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

32 

b^.l 

91.4 

95.5 

55.6 

92.5 

95.1 

72.8 

92.9 

97.0 

60.8 

92.2 

94.4 

Irish  Cobbler.— 

\    40 

51.9 

89.9 

89.9 

52.6 

90.7 

91.4 

84.3 

91.8 

98.5 

74.7 

93.5 

96.3 

I    50 

79.1 

91.0 

91.0 

82.1 

93.6 

94.9 

84.0 

96.6 

98.1 

77.2 

94.0 

96.3 

32 

16.7 

63.1 

68.6 

13.4 

77.2 

86.2 

39.2 

85.4 

88.6 

38.4 

86.2 

91.0 

Triumph 

\    40 

32.8 

88.1 

88.1 

34.3 

87.3 

92.2 

59.3 

92.1 

94.8 

54.3 

88.8 

92.2 

50 

66.0 

81.0 

84.7 

66.0 

85.4 

87.3 

93.7 

94.0 

99.2 

78.4 

92.5 

93.6 

32 

10.4 

75.7 

81.0 

12.7 

76.9 

83.2 

26.5 

89.9 

93.6 

17.2 

72.0 

75.7 

Green  Mountain. 

\     40 

36.2 

84.7 

85.8 

29.5 

79.5 

83.2 

56.3 

92.9 

93.3 

57.1 

85.5 

88.4 

I    50 

39.9 

86.2 

87.6 

52.2 

90.3 

93.7 

83.6 

97.4 

99.2 

69.0 

87.3 

90.2 

32 

3.7 

28.4 

59.3 

3.0 

41.0 

66.4 

5.6 

39.2 

67.5 

4.1 

32.5 

66.8 

Russet  Rural 

\     40 

5.6 

38.1 

71.7 

5.6 

39.6 

84.0 

12.3 

53.7 

84.7 

9.7 

44.8 

80.7 

I    50 

6.4 

41.0 

78.7 

6.7 

44.8 

86.9 

19.0 

54.9 

88.8 

22.0 

57.6 

91.0 

9  days: 

f     32 

56.0 

90.7 

91.8 

53.7 

91.0 

94.4 

60.8 

92.9 

93.3 

66.0 

91.4 

94.8 

Irish  Cobbler 

40 

64.6 

87.3 

94.4 

67.2 

92.9 

97.3 

80.2 

97.8 

97.8 

74.7 

93.6 

96.3 

1     50 

76.1 

91.4 

97.3 

69.0 

87.3 

93.3 

84.3 

95.1 

97.8 

74.6 

89.9 

97.0 

f    32 

26.5 

77.0 

84.3 

21.6 

79.5 

84.0 

40.0 

82.1 

88.5 

51.1 

92.5 

95.1 

Triumph 

40 

47.8 

85.8 

88.5 

38.1 

87.3 

92.2 

64.5 

91.0 

90.7 

64.3 

88.8 

92.2 

1    50 

58.2 

92.5 

94.4 

66.0 

93.3 

95.5 

77.3 

94.0 

96.6 

61.6 

86.9 

92.2 

[     32 

19.0 

72.0 

81.3 

22.0 

86.9 

90.7 

37.7 

84.7 

91.8 

35.8 

89.6 

91.8 

Green  Mountain- 

40 

34.0 

91.0 

96.3 

35.4 

82.8 

93.7 

50.4 

96.5 

97.3 

57.1 

85.5 

88.4 

1    50 

48.1 

94.4 

95.1 

50.4 

97.0 

98.9 

72.8 

95.1 

97.8 

70.5 

95.1 

95.9 

(     32 

4.9 

39.6 

68.7 

4.9 

37.3 

77.2 

9.7 

48.9 

84.7 

7.8 

40.7 

71.3 

Russet  Rural 

]     40 

8.2 

42.2 

91.4 

9.0 

52.6 

90.3 

11.2 

47.8 

90.7 

9.7 

44.8 

80.7 

1    50 

6.3 

49.3 

86.9 

6.0 

51.1 

87.7 

25.4 

49.3 

92.2 

9.7 

48.5 

86.9 

A  study  of  table  4  and  figures  1  to  8  indicates  that  the  percentage  of 
hills  showing  growth  above  the  surface  of  the  ground  18  days  after 
planting  is  much  greater  with  all  varieties  at  all  temperatures  when 
the  cut  seed  pieces  were  stored  at  high  relative  humidity.  This 
applies  to  seed  stored  both  for  21  days  and  9  days  before  planting. 
The  results  from  those  lots  stored  at  intermediate  and  at  low  humidity 
were  somewhat  similar.  In  addition,  a  larger  percentage  of  germina- 
tion is  shown  under  all  humidity  conditions  from  seed  stored  at 
50°  F. ;  in  nearly  all  instances  the  lowest  germination  was  from  those 
stored  at  32°.  Thirty  days  after  planting,  Irish  Cobbler,  Triumph, 
and  Green  Mountain  varieties  showed  practically  as  many  germinated 
hills  as  on  36  days  when  the  final  counts  were  made.  Germination 
was  much  slower  with  all  lots  of  the  Russet  Rural  variety,  and  a 
satisfactory  stand  never  was  obtained.  This  variety  seems  to  be 
unsuited  for  the  locality  in  which  these  experiments  \^ere  conducted. 
Freshly  cut  seed  pieces  on  the  whole  showed  a  germination  18  days 
after  planting  which  was  less  than  that  for  cut  seed  stored  at  high 
humidity  but  greater  than  that  from  seed  stored  at  either  medium  or 
low  humidity. 

The  stand  for  both  years  would  undoubtedly  have  been  much  less 
in  those  lots  of  seed  stored  at  the  low  humidities  had  not  all  badly 
shriveled,  moldy,  or  decayed  pieces  in  these  lots  been  discarded.  This 
culling  out  was  not  necessary  with  seed  stored  at  the  other  humidities. 
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Figure  1.— Percentage  of  stand  of  late-planted  Irish  Cobbler  seed  pieces  stored  after  cutting  at  different 
temperatures  and  humidities  for  9  days,  as  compared  with  the  stand  from  seed  stored  whole  in  medium 
humidity  and  cut  immediately  before  planting.   Stand  records  taken  18, 30,  and  36  days  after  planting. 
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Figure  3.— Percentage  of  stand  of  late-planted  Triumph  seed  pieces  stored  after  cutting  at  different  tem- 
peratures and  humidities  for  9  days,  as  compared  with  the  stand  from  seed  stored  whole  in  medium  humid- 
ity and  cut  immediately  before  planting.    Stand  records  taken  18,  30,  and  36  days  after  planting. 
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Figure  4.— Percentage  of  stand  of  late-planted  Triumph  seed  pieces  stored  after  cutting  at  different  tem- 
peratures and  humidities  for  21  days,  as  compared  with  the  stand  from  seed  stored  whole  in  medium 
humidity  and  cut  immediately  before  planting.   Stand  records  taken  18, 30,  and  36  days  after  planting. 
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humidity  and  cut  immediately  before  planting.    Stand  records  taken  18,  30,  and  36  days  after  planting. 
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Figure  6.— Percentage  of  stand  of  late-planted  Green  Mountain  seed  pieces  stored  after  cutting  at  different 
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Figure  8.— Percentage  of  stand  of  late-planted  Russet  Rural  seed  pieces  stored  after  cutting  at  different 
temperatures  and  humidities  for  21  days,  as  compared  with  the  stand  from  seed  stored  whole  in  medium 
humidity  and  cut  immediately  before  planting.    Stand  records  taken  18,  30,  and  36  days  after  planting. 


^  YIELDS 

The  average  yields  of  both  U.S.  Grade  No.  1  and  U.S.  Grade  No.  2 
potatoes  from  the  early  and  late  crops  calculated  on  the  acre  basis  are 
presented  in  tables  5  and  6.  The  summary,  which  is  an  average  of  all 
varieties  of  both  the  early  and  late  crops  oif  1926  and  1927,  is  shown 
in  table  7.  The  discussion  of  results  will  not  include  the  ^ield  of  U.S. 
Grade  No.  2  potatoes,  as  these  yields  proved  to  be  inconsistent  and  of 
little  significance.     The  weather  conditions  for  a  good  potato  crop  at 
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the  Arlington  Experiment  Farm  were  exceedingly  unfavorable  during 
1926.  A  poor  and  in  some  instances  an  inconsistent  yield  was  ob- 
tained from  both  the  early  and  late  plantings. 

Comparing  the  average  yields  of  all  varieties  for  both  1926  and  1927, 
as  is  seen  in  table  7,  there  is  shown  in  all  but  one  instance  a  general 
increase  in  yield  as  the  temperature  at  which  the  cut  seed  was  stored 
increased  from  32°  to  50°  F.  and  as  the  relative  humidity  increased 
from  low  through  intermediate  to  high.  Comparison  was  made  of  the 
differences  in  the  yields  in  1927  from  stored  seed  pieces  and  pieces 
which  were  cut  immediately  before  planting.  In  practically  all  in- 
stances the  cut  seed  that  was  stored  in  medium  and  high  humidity 
gave  a  greater  yield  of  first-grade  potatoes  than  the  freshly  cut  seed, 
while  from  the  low  humidities  the  yield  in  many  instances  was  not  so 
good  as  from  freshly  cut  seed. 

The  results  of  1926  and  1927  in  general  showed  an  increasing  stand 
and  yield  as  the  storage  conditions  of  the  cut  seed  increased  in  humid- 
ity from  70  to  95  percent  and  as  the  temperature  increased  from  32° 
to  50°  F. 

Table  5. — Average  acre  yields  in  the  19£6  early  and  late  crops  of  potatoes  from  seed 
pieces  stored  after  cutting  at  different  temperatures  and  relative  humidities  for 
various  periods  of  time 


Planting  and  variety 


Early: 

Irish  Cobbler- -. 

Triumph 

IrLsh  Cobbler 

Triumph 

Late: 

Irish  Cobbler... 

Triumph 

Green  Mountain 

Russet  Rural 

Irish  Cobbler... 

Triumph 

Green  Mountain 

Russet  Rural — 


Stor- 
age 
period 
after 
cut- 
ting 


Days 
25 

25 

14 

14 

20 
20 
20 
20 
11 
11 
11 
11 


Stor- 
age 
tem- 
pera- 
ture 


F. 
32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 

32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 
32 
40 
50 


Yield  from  cut  seed  stored  in- 


Low  humidity 


U.S. 
Grade 
No.  1 


Bushels 
103.0 
118.5 
100.5 
63.7 
81.0 
72.0 
97.2 
121.0 
97.5 
66.2 
72.7 
86.5 

136.2 
129.3 
111.7 
56.3 
58.8 
69.8 
155.0 
122.3 
141.5 
82.0 
80.0 
97.6 
130.8 
117.7 
117.1 
57.3 
67.5 
62.5 
191.0 
153.0 
154.2 
78.8 
84.8 
109.2 


U.S. 
Grade 
No.  2 


Bxishels 
16.2 
12.0 
34.3 
22.8 
18.8 
16.5 
18.0 
14.5 
14.0 
14.8 
20.8 
17.5 

5.2 
14.7 
8.2 
22.3 
14.2 
14.3 
29.1 
19.2 
21.3 
10.8 
11.0 
18.3 
5.7 
7.8 
4.0 
12.8 
15.0 
9.0 
19.2 
19.0 
14.2 
12.5 
14.3 
13.7 


Medium  humidity 


U.S. 
Grade 
No.  1 


Bushels 
117.2 
117.8 
97.0 
78.0 
69.5 
69.0 
105.7 
113.3 
91.5 
54.3 
80.2 
96.0 

165.8 
151.7 
144.3 
76.7 
83.3 
99.2 
170.1 
155.8 
214.7 
87.8 
84.3 
104.8 
106.8 
113.0 
120.5 
82.3 
83.8 
75.3 
180.0 
164.0 
176.5 
88.2 
112.0 
104.0 


U.S. 
Grade 
No.  2 


Bushels 
13.8 
16.0 
21.8 
17.5 
21.7 
20.3 
21.7 
17.2 
14.3 
22.7 
18.8 
23.3 

6.7 
9.2 
8.7 
13.3 
13.5 
12.0 
23.2 
27.0 
26.5 
15.2 
13.8 
12.7 
5.2 
4.7 
4.7 
13.3 
14.5 
10.0 
21.7 
22.7 
22.8 
15.2 
17.5 
113 


High  humidity 


U.S. 
Grade 
No.  1 


Bushels 
123.8 
104.7 
138.1 
99.5 
98.2 
88.7 
124.7 
131.0 
111.3 
85.2 
96.7 
97.3 

159.0 
134.5 
144.3 
75.3 
94.3 
89.0 
168.7 
180.0 
202.3 
95.0 
117.0 
134.2 
118.8 
116.3 
114.7 
61.0 
77.2 
75.2 
161.6 
159.5 
181.2 
104.3 
119.6 
115.3 


U.S. 
Grade 
No.  2 


Bushels 
19.0 
22.8 
21.5 
24.0 
23.2 
14.3 
19.7 
13.8 
12.7 
17.8 
14.0 
17.8 

10.3 
9.5 
6.1 
12.0 
8.8 
11.7 
25.3 
29.3 
26.6 
16.7 
18.5 
14.2 
9.3 
6.5 
6.0 
9.7 
16.2 
12.6 
14.3 
17.0 
19.7 
11.8 
16.0 
16.2 
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Table  6. — Average  acre  yields  in  the  1927  early  and  late  crops  of  potatoes  from  seed 
pieces  stored  after  cutting  at  different  temperatures  and  relative  humidities  for 
different  periods  of  time,  as  compared  with  the  yields  from  seed  stored  whole  in 
medium  humidity  at  the  same  temperatures  and  cut  immediately  before  planting 


Planting  and  variety 


Early: 

Irish  Cobbler... 

Triumph 

Irish  Cobbler... 

Triumph 

Late: 

Irish  Cobbler... 

Triumph 

Green  Mountain 

Rus.set  Rural 

Irish  Cobbler... 

Triumph 

Green  Mountain 

Russet  Rural 


Stor- 
age 
period 
after 
cut- 
ting 


Days 
20 

20 

12 

12 


Stor- 
age 
tem- 
pera- 
ture 


Yield  from  cut  seed  stored  in- 


Low  humidity 


U.S. 
Grade 
No.  1 


Bushels 
304.3 
353.2 
327.3 
213.6 
287.9 
255.0 
309.1 
323.0 
344.0 
286.5 


224.9 
211.5 
219.1 
127.9 
154.6 
162.0 
207.5 
233.2 
237.8 
134.7 
161.2 
168.9 
249.0 
223.0 
223.8 
146.5 
182.3 
155.6 
222.0 
240.0 
246.8 
173.2 
192.2 
189.2 


U.S. 
Grade 
No.  2 


Bushels 
50.8 
58.8 
59.4 
50.3 
45.8 
53.5 
65.8 
69.7 
71.7 
61.0 
48.6 
70.8 

33.8 
40.5 
37.5 
33.6 
51.4 
45.3 
34.7 
32.4 
35.1 
5.5 
4.5 
11.5 
36.3 
44.6 
33.0 
52.2 
50.9 
54.2 
23.3 
29.1 
31.0 
11.0 
9.7 
17.8 


Medium 
humidity 


U.S. 
Grade 
No.  1 


Bushels 
311.7 
357.9 
351.0 
270.0 
299.7 
305.4 
321.4 
322.7 
353.1 
274.2 
317.4 
325.2 

229.9 
198.7 
240.9 
145.5 
163.4 
19L7 
177.  0 
223.7 
230.3 
158.5 
178.1 
187.3 
244.7 
255.1 
228.2 
183.6 
176.4 
169.0 
244.8 
241.6 
238.7 
181.4 
195.6 
197.4 


U.S. 
Grade 
No.  2 


Bushels 
75.1 
65.2 
78.0 
55.8 
61.2 
57.2 
79.3 
60.0 
76.2 
46.5 
54.1 
62.1 

31.8 
46.0 
42.9 
56.7 
53.1 
55.1 
18.7 
24.9 
28.9 
7.5 
8.2 
14.6 
50.1 
34.1 
37.5 
40.6 
54.3 
52.3 
31.8 
33.0 
36.4 
10.6 
13.5 
16.6 


High  humidity 


U.S. 
Grade 
No.  1 


Bushels 
332.4 
354.6 
369.8 
270.9 
298.7 
349.0 
330.0 
336.9 
372.3 
303.8 
388.1 
321.8 

267.7 
268.9 
264.0 
172.7 
183.0 
203.1 
241.2 
240.9 
291.7 
161.0 
183.4 
209.1 
272.1 
257.0 
240.7 
155.1 
172.8 
201.7 
256.9 
251.2 
264.7 
175.2 
205.9 
220.5 


U.S. 
Grade 
No.  2 


Bushels 
62.8 
67.0 
73.5 
51.1 
51.3 
67.6 
56.3 
75.6 
72.1 
57.7 
53.7 


35.0 
34.6 
42.2 


51.6 
52.0 
36.6 
35.1 
34.6 
6.4 
8.6 
14.2 
34.3 
44.6 
43.7 
47.4 
52.2 
40.9 
26.7 
31.8 
31.1 
11.2 
15.9 
13.0 


Yield  of  tubers 
stored  at  medi- 
um humidity 
and  cut  imme- 
diately before 
planting 


U.S. 
Grade 
No.  1 


Bushels 
320.7 
346.5 
361.8 
279.5 
301.4 
318.1 
311.0 
322.4 
350.1 
255.6 
301.4 
308.9 

204.5 
273.6 
222.4 
169.5 
174.7 
198.2 
195.8 
223.3 
245.6 
168.6 
176.0 
200.7 
242.1 
259.5 
226.0 
172.1 
166.2 
173.4 
224.9 
220.8 
251.2 
141.4 
194.0 
187.3 


U.S. 
Grade 
No.  2 


Bushels 
62.5 
57.9 
6L9 
49.7 
48.8 
53.4 
64.1 
62.4 
64.3 
58.2 
60.0 
50.0 

29.3 
42.8 
36.7 
46.5 
57.0 
36.4 
19.1 
26.4 
27.0 
9.2 
8.9 
16.3 
33.0 
45.6 
41.2 
46.2 
45.6 
41.2 
27.4 
30.9 
26.9 
10.6 
13.7 
10.1 


Table  7. — Average  acre  yields  in  1926  and  1927  of  five  varieties  of  potatoes  from 
seed  pieces  stored  after  cutting  at  different  temperatures  and  relative  humidities 


Yield  from  cut  seed  stored  in- 

Storage  temperatures 

Low  humidity 

Medium  humidity 

High  humidity 

U.S.  Grade 
No.  1 

U.S.  Grade 
No.  2 

U.S.  Grade 
No.  1 

U.S.  Grade 
No.  2 

U.S.  Grade 
No.  1 

U.S.  Grade 
No.  2 

32°  F 

Bushels 
146.0 
169.1 
162.8 

Bushels 
27.0 
27.8 
29.4 

Bushels 
169.1 
179.8 
182.1 

Bushels 
28.9 
29.3 
30.9 

Bushels 
178.2 
184.4 
200.0 

Bushels 
27  6 

40°  F... 

29.8 

50°  F         .                 

30.7 
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INVESTIGATIONS   IN    1928 

The  work  during  the  previous  years  indicated  that  a  high  storage 
humidity  was  more  desirable  for  the  storage  of  cut  seed  pieces. 
Moreover,  it  also  seemed  desirable  to  store  seed  at  a  range  of  higher 
temperatures  than  was  previously  used.  In  the  1928  investigations 
storage  temperatures  of  40°,  50°,  60°,  and  70°  F.,  with  a  high  relative 
humidity  of  from  90  to  95  percent  at  each  temperature,  were  used  for 
the  cut  seed  pieces.  An  early  and  a  late  planting  were  made,  as  in  the 
previous  investigations.  The  early  planting  consisted  of  two  lots 
of  the  Irish  Cobbler  variety.  The  seed  stock  for  one  lot  was  harvested 
at  the  Arlington  farm  the  previous  November  and  held  in  storage  at 
36°  until  needed.  The  seed  stock  for  the  other  lot  consisted  of  certi- 
fied Irish  Cobbler  seed  grown  on  Prince  Edward  Island,  Canada,  and 
was  purchased  from  a  local  dealer  just  before  it  was  needed.  The 
storage  history  of  these  potatoes  is  not  known,  but  they  were  entirely 
dormant  when  received.  Part  of  the  home-grown  lot  was  cut  on 
March  22  and,  together  with  lots  of  uncut  potatoes,  was  stored  at 
40°,  50°,  60°,  and  70°  until  April  6,  making  a  total  of  15  days  in 
storage,  when  all  lots  were  planted.  The  Canadian  potatoes  were 
all  cut  and  stored  at  the  same  time,  but  no  check  lots  were  available 
to  cut  immediately  before  planting.  These  were  cut  and  handled 
with  the  home-grown  lot.  Counts  to  determine  the  stand  were  made 
52  days  after  planting.     The  matured  crop  was  harvested  on  August  7. 

The  late  planting  consisted  of  Irish  Cobbler  and  Green  Mountain 
varieties  from  seed  stock  grown  at  the  Arlington  farm,  which  had  been 
held  in  storage  at  36°  F.  from  harvest  time.  Cut  and  uncut  lots  of 
this  stock  were  prepared  and  put  in  storage  at  the  different  tempera- 
tures on  July  1 1 .  These  were  removed  from  storage  July  18,  making  a 
storage  period  of  7  days.  The  count  to  determine  the  stand  was  made 
after  35  days,  and  the  crop  was  harvested  November  9,  after  the 
plants  had  been  killed  by  frost  although  the  tubers  were  well  matured. 

During  the  growing  season  a  distinct  difference  in  growth,  affecting 
both  early  and  late  plantings,  was  apparent  between  the  rows  of 
plants  from  stored  seed  pieces  and  those  from  seed  cut  just  before 
planting.  Sprouts  from  the  former  seed  appeared  above  the  soil 
earlier  and  a  difference  in  size  of  the  plants  in  favor  of  these  was 
apparent  for  6  to  8  weeks.  As  the  plants  became  larger  the  difference 
became  less  marked.  The  plants  from  the  stored  seed  pieces  came  into 
bloom  earlier  and  matured  a  week  to  10  days  earlier.  When  the 
plants  and  leaves  were  practically  all  dead  the  leaves  on  the  check- 
rows were  just  beginning  to  die.  These  results  appear  to  be  contra- 
dictory to  those  reported  by  Rosa,"^  who  states  that  both  a  retardation 
in  rate  of  germination  and  an  increase  in  seed-piece  decay  took  place 
when  seed  was  cut  and  stored  previous  to  planting. 

RESULTS  WITH   EARLY   PLANTING 

The  average  percentage  of  stand  calculated  from  a  count  made  52 
days  after  planting  and  the  yields  from  both  locally  grown  and 
Canadian  seed  are  given  in  table  8.  Practically  no  difference  in  stand 
is  noted  among  the  various  lots  of  seed. 

«  KOSA,  J.  T.      RELATION  OF  TUBEK  MATURITY  AND  OF  STORAGE  FACTORS  TO  POTATO  DORMANCY.      Hilgardia 
3:  99-124,  Ulus.     1928. 
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Table  8. — Acre  yields  and  percentage  of  stand  from  early  planted  locally  grown  and 
Canadian  grown  Irish  Cobbler  potatoes  stored  at  various  temperatures  with  a 
high  relative  humidity  for  15  days  after  cutting,  as  compared  with  seed  stored 
whole  under  the  same  conditions  and  cut  immediately  before  planting,  1928 


Stand  and  yields  from  seed  cut  and  stored 
before  planting 

Stand  and  yields  from 
seed  stored  whole  and 
cut  immediately  be- 

Storage temperature  of  both 
whole  and  cut  seed 

Locally  grown 

Canadian 

fore  planting,  locally 
grown 

Stand 

Yield 

Stand 

Yield 

Stand 

Yield 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

40°  F 

Percent 
98.5 
99.3 
98.5 
98.5 

Bushels 
233.5 
314.0 
367.9 
356.8 

Bushels 
46.7 
61.4 
69.3 
67.7 

Percent 
97.6 
96.6 
96.6 
97.2 

Bushels 
178.0 
225.1 
236.1 
232.0 

Bushels 
36.4 
37.0 
45.4 
39.1 

Percent 
95.1 
99.0 
98.1 
99.3 

Bushels 
242.5 
338.8 
343.2 

274.8 

299.8 

Bushels 
39  4 

50°  F     

62.5 

60°  F                                  

64.5 

70°  F 

46  8 

Average 

98.7 

318.0 

61.3 

97.0 

217.8 

39.5 

97.9 

53.3 

Comparing  the  results  with  seed  pieces  from  the  different  storage 
temperatures,  the  records  show  a  definite  increase  in  yield  of  both 
U.S.  Grade  No.  1  and  U.S.  Grade  No.  2  potatoes,  as  the  storage  tem- 
perature increased  from  40°  to  60°  F.,  with  a  dropping  off  in  yield 
from  the  70°  storage.  These  results  apply  both  to  the  seed  cut  before 
the  storage  period  as  well  as  the  checks  cut  just  before  planting. 
With  the  lot  of  seed  grown  at  Arlington  farm,  where  a  comparison 
was  made  between  different  storage  temperatures,  there  was  a  better 
yield  from  cut  seed  stored  at  60°  and  70°  than  from  cut  seed  stored 
at  40°  and  50°,  indicating  an  injurious  effect  from  the  two  lower 
temperatures.  Comparing  the  yield  from  stored  cut  seed  with  that 
from  the  checks,  it  will  be  noted  that  in  general  there  was  a  smaller 
yield  from  seed  stored  at  40°  and  50°  than  from  the  checks,  probably 
due  to  this  injurious  effect,  whereas  the  yield  from  the  cut  seed  stored 
at  60°  and  70°  was  greater  than  that  from  the  checks. 

RESULTS   WITH   LATE   PLANTING 

No  consistent  differences  in  stand  in  late-planted  Irish  Cobbler 
and  Green  Mountain  varieties  were  shown  between  the  different  lots 
of  each  variety.  The  average  percentage  of  stand  of  all  lots  of  stored 
cut  seed  of  the  Irish  Cobbler  was  98.7;  of  the  Green  Mountain,  it  was 
95.5;  for  seed  cut  just  before  planting  it  was  97.9  for  the  Irish  Cobbler 
and  93.9  for  the  Green  Mountain  varieties. 

The  average  yields  of  the  various  lots  are  given  in  table  9.  Here 
practically  the  same  relations  are  shown  as  in  the  early  planting. 
With  the  Irish  Cobbler  variety,  the  largest  yield  was  obtained  from 
the  lots  stored  at  60°  F.,  while  with  the  Green  Mountain  variety  a 
slightly  larger  yield  of  grade  1  potatoes  was  obtained  from  the  50° 
storage  but  the  total  yield  of  grades  1  and  2  was  greatest  from  the 
60°  storage  lot.  Seed  pieces  of  the  Irish  Cobbler  variety  stored  at 
40°  and  50°  gave  in  general  a  smaller  yield  than  seed  cut  just  before 
planting,  while  from  60°  and  70°  the  yield  was  greater  from  stored 
cut  seed.  With  the  Green  Mountain  variety  the  stored  cut  seed  gave 
the  larger  yield  of  no.  1  potatoes  per  acre  from  all  temperatures. 
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Table  9. — Acre  yields  from  late-planted  Irish  Cobbler  and  Green  Mountain  potatoes 
stored  at  various  temperatures  for  7  days  after  cutting,  as  compared  with  seed  stored 
whole  under  the  same  conditions  and  cut  immediately  before  planting,  1928 


Yields  from  seed  cut  and  stored  before 
planting 

Yields  from  seed  stored  whole  and  cut 
just  before  planting 

storage  temperature 
of  both  whole  and 

Irish  Cobbler 

Green  Mountain 

Irish  Cobbler 

Green  Mountain 

cut  seed 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

40°  F 

Bushels 
233.5 
314.0 
367.9 
366.8 

Bushels 
46.7 
61.4 
69.3 
62.7 

BusheU 
167.0 
176.2 
170.8 
172.8 

BusheUs 
34.4 
32.9 
45.0 
42.0 

Bushels 
242.5 
338.3 
343.2 
274.8 

Bushels 
39.4 
62.5 
64.6 
46.8 

Bushels 
159.7 
166.4 
166.0 
156.0 

Bushels 
41.7 

60"  F          .  -      .     - 

46.2 

eo^F 

37.2 

70°  F 

43.7 

Average 

318.0 

60.0 

171.7 

38.6 

299.7 

63.3 

161.8 

41.9 

A  general  conclusion  from  this  season's  results  with  the  two  varieties 
studied  is  that  potato  seed  cut  and  stored  before  planting  at  tempera- 
tures between  50°  and  60°  F.  yielded  somewhat  better  than  seed  stored 
either  above  or  below  this  temperature  range,  and  further  that  this 
seed  yielded  somewhat  better  than  seed  cut  immediately  before 
planting. 

INVESTIGATIONS   IN    1929 

Only  a  late  planting  was  made  in  1929,  and  this  was  from  seed  han- 
dled similarly  to  that  of  the  1928  crops.  The  seed  used  was  of  the 
Irish  Cobbler  and  Green  Mountain  varieties  harvested  at  the  Arling- 
ton farm  the  previous  autumn.  These  potatoes  had  been  held  through- 
out the  winter  at  40°  F.  until  March,  when  they  were  treated  for 
surface  diseases  and  transferred  to  36°  to  keep  them  dormant  until 
planting  time.  Lots  of  the  two  varieties  were  cut  and,  together  with 
duplicate  uncut  lots,  were  put  in  storage  at  40°,  50°,  60°,  and  70° 
with  a  high  relative  humidity  for  16  days  before  planting.  All  lots 
were  planted  July  20  and  harvested  November  7. 

This  planting  was  made  during  a  period  of  drought  and  abnormally 
hi^h  temperature.  The  soil  was  moderately  dry  at  this  time,  and  no 
ram  occurred  for  about  2  weeks  after  planting.  A  count  to  determine 
the  stand  of  the  respective  lots  was  made  35  days  after  planting.  The 
average  results  in  percentage  of  stand  are  given  in  table  10.  In  nearly 
every  lot  of  both  varieties  a  slightly  better  stand  was  apparent  from 
the  stored  cut  seed,  indicating  an  advantage  in  this  treatment  of  seed 
when  planted  under  hot,  dry  conditions. 

Table  10. — Percentage  of  stand  from  late-planted  Irish  Cobbler  and  Green  Mountain 
potatoes  stored  at  various  temperatures  with  a  high  relative  humidity  for  16  days 
after  cutting,  as  compared  with  that  from  seed  stored  whole  and  cut  just  before 
planting,  1929 


Storage  temperature  of  both  whole 

stand  from  seed  cut  and  stored 
before  planting 

Stand  from  seed  stored  whole 
and  cut  just  before  planting 

and  cut  seed 

Irish  Cobbler 

Green 
Mountain 

Irish  Cobbler 

Green 
Mountain 

40°  F 

Percent 

76.7 
76.6 
72.9 
74.1 

Percent 

54.9 
66.8 
61.1 
66.0 

PerceiU 

76.2 
75.9 
71.5 
66.4 

Percent 

51.4 

50°  F           .                               .      . 

55  1 

60°  F 

56.0 

70°  F 

66.0 

Average 

74.5 

59.4 

72.5 

64  6 
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The  average  yields  of  all  lots  are  given  in  table  11.  In  all  but  one 
instance  a  considerably  better  yield  of  no.  1  potatoes  was  obtained 
from  the  stored  cut  seed  pieces.  This  was  more  marked  in  seed  from 
the  lower  storage  temperatures.  In  comparing  the  respective  prelim- 
inary storage  temperatures  of  seed  the  results  appear  to  be  erratic, 
making  any  definite  conclusions  unsafe. 

Table  11. — Acre  yields  from  late-planted  Irish  Cobbler  and  Green  Mountain  potato 
seed  pieces  stored  at  various  temperatures  for  16  days  after  cutting,  as  compared 
with  seed  stored  whole  under  the  same  conditions  and  cut  immediately  before 
planting,  1929 


Yields  from  seed  cut  and  stored  before 
planting 

Yields  from  seed  stored  whole  and  cut 
just  before  planting 

Storage  temperature 
of  both  whole  and 
cut  seed 

Irish  Cobbler 

Green  Mountain 

Irish  Cobbler 

Green  Mountain 

U.S. 
Grade 
No.l 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.  1 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.l 

U.S. 
Grade 
No.  2 

U.S. 
Grade 
No.l 

U.S. 
Grade 
No.  2 

40°  F 

Bushels 
133.9 
117.2 
115.6 
125.1 

Bushels 
22.7 
23.6 
18.9 
19.6 

Bushels 
122.9 
128.1 
123.1 
134.4 

Bushels 
28.9 
25.7 
27.3 
26.3 

Bushels 
110.1 
109.6 
99.5 
131.4 

Bushels 
23.9 
20.1 
20.3 
17.1 

Bushels 
102.  3 
106.6 
93.9 
103.9 

Bushels 
27  9 

60°  F 

30  0 

60°  F    -      - 

25  4 

70°  F 

29  6 

Average 

122.9 

21.2 

127.1 

27.0 

112.6 

20.3 

101.7 

28.2 

INVESTIGATIONS   IN    1930 

The  handling  of  the  seed  stock  in  1930  was  largely  a  repetition  of 
the  methods  used  in  former  seasons.  This  repetition  was  followed 
to  verify  former  results  and  to  spread  the  investigations  over  as 
wide  a  variety  of  seasonal  conditions  as  possible.  However,  this 
season  proved  an  exception  to  the  usually  anticipated  conditions,  as 
will  be  pointed  out  later. 

For  the  early  planting,  Irish  Cobbler  potatoes  were  grown  at  the 
Arlington  farm  from  the  crop  that  had  been  harvested  the  previous 
autumn. .  The  general  stock  of  seed  had  been  stored  after  harvest 
at  40°  F.  until  March  26,  when  it  was  removed  from  storage.  The 
following  day  uniform  lots  of  cut  seed  with  checks  of  whole  seed  were 
put  in  storage  at  40°,  50°,  60°,  and  70°  for  15  days.  These  lots  were 
taken  from  storage  and  planted  April  11.  After  the  month  of  April 
practically  no  rain  fell  during  the  entire  summer  and  fall.  However, 
there  seemed  to  be  enough  reserve  moisture  in  the  soil  to  mature  a 
fair  crop  from  early-planted  seed.  On  June  11a  count  of  the  growing 
hills  was  made,  which  showed  a  stand  varying  from  73.7  to  75.4 
percent,  with  no  consistent  difference  between  lots  apparent. 

The  crop  was  harvested  July  31  and  the  yield  from  the  various 
lots  is  reported  in  table  12.  While  these  results  show  an  increase  in 
yield  as  the  storage  temperature  of  the  seed  was  increased  from  40° 
to  70°,  in  general  they  also  show  a  somewhat  larger  yield  from  seed 
cut  just  before  planting. 
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T.\BLE  12, — Acre  yields  from  earhj-vlanted  Irish  Cobbler  potato  seed  pieces  stored 
at  various  temperatures  with  a  high  relative  humidity  for  15  days  after  cutting,  as 
compared  vnth  seed  stored  whole  under  the  same  conditions  and  cut  immediately 
before  planting,  1930 


Storage  temperature  of  both  whole 
and  cut  seed 

Yields  from  seed  cut  and 
stored  before  planting 

Yields  from  seed  stored  whole 
and  cut  immediately  before 
planting 

U.S.  Grade  No.  1 

U.S.GradeNo.2 

U.S.  Grade  No.  1 

U.S.  Grade  No.  2 

40°  F 

Bushels 

85.6 
104.1 
122.5 
133.7 

Bushels 

19.6 
22.8 
24.1 
27.9 

Bushels 

97.2 
113.5 
126.4 
138.5 

Bushels 

23  3 

50°  F 

21.7 

eo"  F 

28.8 

70°  F  .           .                 

27  9 

Average    

111.5 

23.6 

118.9 

26.4 

The  late  planting  in  1930  suffered  from  a  condition  rarely  encoun- 
tered in  growing  potatoes,  since,  as  has  been  noted,  practically  no 
rain  fell  after  the  month  of  April.  This  drought  with  abnormally 
high  temperatures  lasted  until  late  fall.  The  Green  Mountain  variety 
only  was  planted.  The  usual  lots  of  seed,  after  a  12-day  preUminary 
storage  at  40°,  50°,  60°,  and  70°  F.,  were  planted  July  22.  As  would 
be  expected,  growth  was  very  slow,  but  sprouts  from  the  stored  cut 
seed  pieces  appeared  first  above  the  soil.  The  growth  from  all  lots 
was  very  weak  and  abnormal  and  never  reached  a  height  of  over  9 
to  12  inches.  An  examination  showed  so  few  plants  had  set  any 
tubers  that  no  attempt  was  made  to  harvest  the  planting.  A  count 
of  the  hills  of  growing  plants  taken  50  days  after  planting  gives  the 
only  comparative  record  of  this  crop.  The  average  percentage  of 
stand  is  given  in  table  13.  Examination  of  these  results  shows  Uttle 
difference  in  stand  from  cut  seed  stored  at  50°,  60°,  or  70°,  but  from 
cut  seed  stored  at  40°  the  stand  was  less.  A  comparison  of  results 
from  stored  cut  seed  with  seed  cut  just  before  planting  shows  a 
general  increase  in  stand  from  the  former  class,  except  from  seed 
stored  at  40°. 


Table  13. — Percentage  of  stand  from  late-planted  Green  Mountain  potatoes  stored 
at  various  temperatures  for  12  days  after  cutting  as  compared  with  whole  seed  held 
under  the  same  conditions  and  cut  just  before  planting  {1930) 


storage  temperature  of 
both  whole  and  cut  seed 

Stand  from 
seed  cut 

and  stored 

before 
planting 

Stand  from 
seed  stored 
whole  and 
cut  just  be- 

planting 

Storage    temperature    of 
both  whole  and  cut  seed 

Stand  from 
seed  cut 

and  stored 

before 
planting 

Stand  from 
seed  stored 
whole  and 
cut  just  be- 

planting 

40°  F 

Percent 
41.0 
52.1 

Percent 
41.2 
31.2 

60°  F 

Percent 
50.0 
50.7 

Percent 
17.7 

60°  F 

70°  F 

31.5 
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SUMMARY    AND    CONCLUSIONS 

Many  potato  growers  consider  it  of  economic  advantage  to  cut 
potatoes  into  seed  pieces  in  advance  of  planting  time  because  of  the 
better  distribution  of  labor  that  this  practice  affords. 

Frequently  growers  meet  with  loss  because  of  improper  methods  of 
storing  or  handling  cut  seed. 

There  is  no  uniformity  in  the  methods  of  handling  and  storage  of  cut 
seed  potatoes,  and  considerable  uncertainty  exists  as  to  the  best 
procedure.  The  investigations  described  herein  were  undertaken  to 
determine  the  most  favorable  conditions  under  which  to  store  cut 
seed. 

These  investigations,  which  were  carried  on  at  the  Arlington  Experi- 
ment Farm  in  Virginia  near  Washington,  D.C.,  indicate  that  a  satis- 
factory healing  or  corking  over  of  the  cut  surfaces  of  the  seed  pieces 
takes  place  at  a  temperature  of  about  60°  F.,  with  high  relative 
humidity.  The  seed  pieces  held  under  these  conditions  remained 
firmer,  were  generally  free  from  mold  growth,  and  the  cut  surfaces 
were  less  easily  cracked  in  handling. 

A  general  comparison  of  the  results  obtained  from  cut  seed  pieces 
stored  for  a  preliminary  period  before  planting  with  whole  seed  held 
under  the  same  conditions  and  cut  just  before  planting  shows  that  in 
most  instances  as  good  and  in  some  cases  better  yields  were  obtained 
from  the  stored  cut  seed.  These  lots  of  seed  usually  produced  quicker 
and  more  vigorous  growth,  with  from  7  to  10  days  earlier  maturity. 
Casual  observations  of  the  tubers  produced  also  showed  more  uni- 
formity in  size  with  fewer  oversized  specimens. 

It  should  be  emphasized  that  the  results  reported  herein  were 
obtained  from  work  done  at  one  location,  and  somewhat  different 
results  might  be  obtained  under  different  soil  and  climatic  conditions. 
With  this  in  mind  the  following  suggestions  are  made  for  the  benefit 
of  the  grower  who  desires  to  cut  his  seed  in  advance  of  planting  time: 

Seed  potatoes  should  be  treated  or  disinfected  to  destroy  surface-borne  disease 
organisms,  and  should  be  dried  before  cutting. 

Cutting  should  be  done  with  sharp  thin-bladed  knives  to  insure  smooth  cut 
surfaces. 

Cutting  should  not  be  done  in  full  sunlight. 

The  seed  should  be  handled  only  in  clean  containers,  preferably  disinfected 
with  the  solution  used  to  treat  the  potatoes,  and  stored  in  a  clean  location  where 
the  walls  and  floors  have  been  disinfected  or  fumigated. 

Cut  seed  may  be  stored  in  baskets,  crates,  or  barrels.  The  contents  should  be 
poured  from  one  container  to  another  after  24  hours  and  again  after  48  hours,  in 
order  to  break  apart  the  pieces  that  stick  together. 

The  cut  seed  should  be  stored  in  a  fairly  airtight  room  with  a  temperature  of 
about  60°  F.  A  humidity  of  85  to  90  percent  should  be  maintained.  This  may 
be  accomplished  by  wetting  the  floor  or  hanging  up  clean  wet  sacks  around  the 
walls.    An  earth  floor  is  desirable,  as  it  is  easily  kept  damp. 

Cut  seed  handled  and  kept  under  the  above  conditions  may  safely  be  held  as 
long  as  10  days  before  planting.  If  it  is  necessary  to  hold  them  longer  than  this 
the  temperature  should  be  lowered  to  about  40°  F.,  in  order  to  retard  sprouting. 

It  is  well  to  remove  the  seed  from  the  high  humidity  to  an  airy  place  2  or  3 
days  before  planting,  in  order  to  allow  the  cut  surfaces  to  dry  out  and  toughen 
before  handling. 
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INTRODUCTION 

The  carrying  capacity  of  flumes  ^  is  discussed  in  this  bulletin.  Im- 
portant divisions  of  many  main  canals,  used  for  irrigation,  by  hydro- 
electric, mining,  or  municipal  use,  perhaps  miles  long,  consist  wholly 

'  The  writer  desires  to  acknowledge  indebtedness  to  the  various  engineers  and  managers  of  irrigation  and 
hydroelectric  systems  who  permitted  and  aided  in  tests  upon  the  flumes  in  their  charge.  Acknowledgment 
is  also  made  to  the  engineers  of  the  U.S.  Bureau  of  Reclamation  who  made  available  a  large  file  of  data  and 
field  notes  pertaining  to  tests  made  from  time  to  time  by  that  organization.  Where  data  have  been  secured 
from  other  sources  the  necessary  references  are  given  in  the  literature  citations  or  in  the  notes  explaining 
table  2.  In  experimental  tests  and  computations  the  writer  has  been  assisted  at  various  times  by  the  late  J. 
M.  Brockway,  and  by  P.  A.  Ewing,  K.J.  Bermel,  I.  M.  Ingerson,  and  A.  S.  Guerard,  Jr.  He  has  also  drawn 
extensively  upon  many  discussions  with  Julian  Hinds,  J.  C.  Stevens,  and  also  with  A.  C.  Norton,  who  has 
been  associated  with  the  construction  and  operation  of  flumes  throughout  the  West  for  more  than  20  years. 

'  A  "flume"  is  a  complete,  self-supporting,  artificial  water  conduit  with  a  free-water  surface.  Although 
it  is  usually  a  channel  body  carried  on  trestle  bents,  the  flume  body  may  rest  directly  on  a  bench  excavated 
in  a  hill  or  canyon  side.  Less  often,  it  is  partly  or  wholly  backfilled  so  that  it  becomes  similar  to  an  ordinary 
canal  lining.  If  the  channel  material  and  the  backfill  are  essential  to  each  other  for  mutual  protection,  then 
removal  of  the  inside  shell  would  still  leave  an  unlined  canal.  If  the  backfill  were  removed  from  the  sides  of 
a  flume  structure,  the  structure  would  not  be  impaired  and  would  still  be  a  flume.  A  pipe  section  used  as 
an  open  channel,  carried  across  a  gulch  on  a  trestle,  has  the  characteristics  of  a  flume.  The  old  Roman 
aqueducts  of  masonry  arch  substructures  were  essentially  flumes.  On  the  other  hand,  some  English  technical 
articles  refer  to  short  measuring  structures  as  "flumes",  but  larger  structures,  that  would  be  known  as 
"flumes"  in  this  country,  as  "aqueducts."  The  latter  term,  in  this  country,  is  applied  to  many  major 
water  conduits,  especially  those  several  miles  long  and  using  many  types  of  conduit,  not  necessarily  includ- 
ing any  flume.  Likewise  reference  (7)  '  describes  a  "steel  canal "  which  would  be  called  a  steel  flume  in  the 
United  States.  In  u-rigation  use,  especially  in  Colorado,  the  "rating  flume"  was  a  short,  bo-xlike  structure 
set  in  a  canal  and  calibrated  with  a  current  meter  for  making  measurements  of  flow.  It  had  some  of  the 
characteristics  of  a  very  short  flume  as  discussed  herein.  From  a  capacity  standpoint,  the  metal  flume,  the 
wood-plank  flume,  and  the  stave  flume  are  not  easily  confused  withanyother  type  of  conduit.  The  concrete 
flume,  however,  is  not  essentially  different  in  capacity  features  from  a  concrete-lined  canal  except  that  the 
walls  are  usually  vertical  and  the  velocities  are  usually  higher  than  in  lined  canals.  Many  concrete  chute 
structures  are  essentially  of  flume  construction  but  are  backed  with  earth  almost  or  quite  to  the  top  of  the 
walls.    Wooden  or  metal  chute  flumes  are  usually  laid  on  sills  or  short  posts  in  the  open. 

'  Italic  numbers  in  parentheses  refer  to  Literatiire  Cited,  p.  94. 
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of  flume  structures.  In  point  of  numbers,  however,  most  flumes  are 
relatively  short  structures  spanning  gulches,  streams,  or  other  depres- 
sions between  sections  of  open  canal.  Being  usually  a  high- velocity 
structure  with  F  (see  notation,  p.  5)  ranging  from  about  3  to  15  feet 
per  second,  the  kinetic  effects  are  more  in  evidence  than  in  the  ordi- 
nary canal  with  velocities  of  from  2  to  4  feet.  Where  the  flume  is  a 
major  structure  of  great  length,  the  problem  of  capacity  is  determined 
as  for  any  other  open  channel,  assuming  that  uniform  flow  will  be 
developed  at  normal  depth  through  the  greater  part  of  the  flume 
length.  Here  the  inlet  loss  and  conversion  of  static  head  of  elevation 
to  kinetic  velocity  head  as  the  water  is  accelerated  is  usually  a  rela- 
tively minor  item  compared  to  the  total  loss.  So,  too,  is  the  recovery 
of  head  of  elevation  as  the  water  is  decelerated  at  the  outlet  of  the 
flume.  The  head  lost  in  overcoming  frictional  resistances  far  over- 
shadows the  changes  along  the  hydraulic  gradient  due  to  inlet  and 
outlet  conditions. 

On  the  other  hand,  most  flumes  are  so  short  that  normal  flow  does 
not  become  established.  The  frictional  resistances  cause  unimportant 
changes  in  the  hydraulic  gradient  and  the  constructed  slope  of  the 
flume  could  be  altered  quite  appreciably  without  general  effect  on 
the  flow  through  the  structure ;  but  the  water  stage  in  the  outlet  pool 
has  a  material  effect  on  the  flow  through  the  flume  and  nonuniform 
flow  is  the  rule  rather  than  the  exception.  Furthermore,  the  rela- 
tionship between  energy  content  and  normal  depth  is  of  much  more 
moment  in  a  short  structure  than  in  a  long  one. 

Historically,  the  flume  dates  from  the  Roman  aqueducts  {2S). 
For  crossing  wide,  deep  depressions  these  offered  the  only  solution 
available  in  their  time.  Today  similar  problems  would  be  studied 
with  alternate  possibilities:  an  open-channel  conduit  in  the  form  of  a 
flume,  an  inverted  siphon  pipe  line  of  concrete,  steel  or  wood  staves, 
or  even  gravity  flow  down  the  near  side  of  the  depression  with  a 
;^umping  lift  up  the  far  side.  For  either  the  siphon  or  the  pumping 
line,  the  Romans  had  no  materials  of  construction  in  units  of  magni- 
tude and  strength  to  withstand  the  static  pressures  that  would  be 
developed  at  the  deeper  parts  of  the  depressions. 

Linking  these  aqueducts  with  the  last  few  centuries,  similar  elevated 
masonry  flumes  are  found  in  France,  Spain,  Africa,  and  Mexico.  The 
oldest  flume  in  the  United  States  that  has  been  called  to  the  attention 
of  the  writer  carries  the  Espada  Ditch  irrigation  supply  across  Piedras 
Creek  near  San  Antonio,  Tex.  It  was  built  by  the  Spaniards,  about 
1731,  of  rough  rock  masonry  in  the  form  of  a  2-arched  bridge,  sur- 
mounted by  the  flume  proper  {17,  p.  45). 

About  1850  irrigation  in  Utah  and  hydraulic  mining  in  California 
led  to  the  development  of  the  box  flume,  a  rectangular,  wood-plank 
structure  with  battens  over  the  cracks  to  reduce  leakage  (fig.  1). 

For  the  next  half  century  this  was  practically  the  only  type  of  con- 
struction used  for  flumes  in  this  country.  At  the  first  convention  of 
American  Society  of  Irrigation  Engineers  in  1891,  extended  discussion 
was  given  to  this  type  of  flume  {28). 

From  the  late  eighties  on  through  the  first  decade  of  the  present 
century,  the  standard  flumes  of  today  had  their  beginnings.  The 
natural  development  of  the  plank  flume  is  exemplified  in  the  standard 
construction  of  structures  in  Provo  and  Logan  canyons,  Utah  (pi.  3, 
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B  and  fig.  1).  The  battens  were  omitted  and  tightness  secured  by 
inserting  splines  between  the  plank  edges.  The  full  width  of  each 
surfaced  plank  is  available. 

For  the  old  San  Die^o  flume,  redwood  staves  were  used  with  semi- 
circular bottom,  and  side  walls  tangent  at  the  mid-diameter.  A  few- 
stave  flumes  of  this  shape  were  constructed  with  several  forms  of 
cradles,  but  for  various  reasons  the  type  was  practically  abandoned 
until  some  15  years  ago  when  the  shape  was  changed  to  its  present 
form — about  five  eighths  of  a  circle — and  banded  like  a  stave  pipe 
with  spreader  caps  to  take  the  place  of  the  upper  portion  of  the  circle 
(pi.  3,  C  and  fig.  7).  Metal  plates  were  used  to  form  the  rectangular 
flumes  of  the  Bear  River  Canal  in  Utah,  and  of  the  Henares  Canal  in 


Steel  tie-; 


Figure  l.— Typical  shapes  and  elementary  construction  of  flume  bodies  of  various  materials,  with  dis- 
tinguishing joints  of  metal  flumes:  Concrete  flumes— A,  Standard  rectangular;  B,  hydrostatic  catenary;  O, 
circular.  Wood-plank  flumes— D,  Rectangular,  battened  joints;  E,  same,  splined  joints  (similar  to  tongue- 
and-groove);  F,  wood-stave  flume;  O,  metal  flume  shape;  H,  metal  flume  joints:  a,  Maginnis  joint  with 
deep  projecting  compression  bar;  6,  Gage  flume  joint  with  shallow  projecting  bar;  c,  Hess  joint,  flush 
interior,  and  single  carrying  rod;  d,  Lennon  joint,  flush  with  double  carrying  rods;  c,  Williams  joint  with 
"shingled"  joint. 

Spain.  This  type  had  few  examples  and  is  not  in  extensive  use  today. 
The  predecessor  of  the  present  metal  flume  consisted  of  metal  sheets 
bent  approximately  in  the  form  of  a  rectangle  and  supported  under 
the  bottom  and  sides.  Some  of  the  early  stave  flumes  were  suspended 
from  a  girder  along  the  top  edge  by  carrier  rods.  The  sheet-metal 
flume  is  now  invariably  suspended  by  rods,  and  the  stave  flume  is 
supported  by  cradles. 

About  1908,  Patrick  Maginnis  ol  Kimball,  Nebr.,  was  making  sheet- 
metal  feeding  troughs  for  sheep.  At  a  farmer's  suggestion,  a  flume 
was  developed  by  placing  several  of  these  troughs  end  to  end.  Except 
for  the  smallest  sizes,  the  flexible  sheets,  laid  transversely,  were  sus- 
pended from  timber  girders  along  the  top  edgelSy  means  of  carrier 
rods,  w^hich  also  formed  the  joint  at  the  edges  of  the  sheets.  If  per- 
fectly flexible — made  of  canvas,  for  example — a  trough,  loaded  with 
water,  would  take  the  shape  of  the  hydrostatic  catenary,  with  internal 
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pressures  at  all  points  normal  to  the  curve  and  proportional  to  the 
depth  below  the  surface,  and  with  tension  the  only  stress  in  the  sheet. 
In  the  earlier  flumes  of  this  type,  the  interior  compression  bands  be- 
tween metal  sheets  were  of  rectangular  section  and  projected  into  the 
water  prism  (fig.  1,  H,  a). 

Hundreds  of  such  flumes  were  used  on  projects  constructed  from 
1910  to  1915.  It  was  some  time  before  experimental  data  indicated 
that  the  value  of  Kutter's  n  for  this  flume  ranged  from  0.016  to  0.018 
or  more.  Thus,  the  capacities  were  found  to  be  some  25  percent  less 
than  the  early  estimates  upon  which  many  of  these  flumes  were  con- 
structed. A  similar  flume  with  a  wide  band  of  thinner  section  is 
still  manufactured  (fig.  1,  H,  6).  In  1911,  G.  L.  Hess,  and  later 
William  Lennon  (fig.  1,  H,  c  and  d),  removed  the  excessive  obstruc- 
tion to  flow  by  countersinking  the  compression  member  until  it  was 
approximately  flush  with  the  interior  surface  of  the  flume  sheets. 
Prior  to  the  present  Lennon  type  of  continuous-interior  flume,  this 
joint  was  used  for  flumes  of  corrugated  metal  similar  to  the  well- 
known  corrugated-iron  road  culverts.  Flumes  of  this' type  were  more 
rigid  than  those  of  the  smoother  types,  but  the  carrying  capacity 
was  so  much  reduced  that  they  gradually  fell  into  disuse.  The 
measurements  listed  in  table  2  show  the  high  retardation  factors 
involved. 

In  its  latest  development  the  metal  flume  is  rolled  in  a  shape 
approximating  the  hydrostatic  catenary.  The  true  shape  could  be 
adopted  for  any  one  loading  of  water,  but  this  changes  with  each  depth 
of  flow.  The  maximum  sag  occurs  when  the  flume  is  less  than  half 
full.  Consequently,  a  compromise  curve  was  adopted  that  appears 
to  satisfy  operative  conditions  with  varying  flows.  For  many  years, 
these  flumes  were  rarely  painted  and  the  smooth,  metal  surface  gave 
a  high  capacity  unless  the  sheet  joints  opened  enough  to  injure  the 
smooth  interior,  or  the  lack  of  sufficient  carrying  rods  allowed  each 
sheet  to  ''scallop."  In  either  case,  of  course,  the  capacity  was 
reduced.  At  present,  it  is  customary  to  use  rods  enough  to  prevent 
scalloping  and  to  paint  the  interiors  of  metal  flumes  every  few  years. 
The  best  of  paint  work  appears  to  offer  but  little  more  obstruction  to 
flow  than  did  the  clean  metal,  but  the  type  and  manner  of  application 
of  the  paint  may  reduce  the  capacity  10  percent  or  more. 

The  largest  of  the  masonry  flumes  on  irrigation  systems  date  from 
the  middle  of  the  nineteenth  century.  They  were  developed  by  the 
English  engineers  to  convey  the  great  canals  of  India  over  major 
streams  in  '*  aqueducts  "  or  to  carry  the  streams  over  the  canals  in 
''superp  ass  ages."  Essentially,  both  are  flumes  in  our  parlance.  The 
twin-structure  Solani  Aqueduct,  the  magnificent  Nadrai  Aqueduct 
and  the  superpassage  to  carry  some  15,000  second-feet  of  water  in 
the  Puthri  Torrent  are  well  known  to  students  of  irrigation  in  India. 
All  of  these  would  class  as  ''short"  structures,  with  the  effective  slope 
largely  determined  by  water  stages  upstream  and  downstream,  rather 
than  by  the  constructed  slope  of  the  floor. 

The  reinforced  concrete  flume  is  a  development  of  the  twentieth 
century.  A  flume  of  this  type  may  be  made  in  many  different  ways, 
each  having  its  own  characteristic  interior  surfaces  and  material 
differences  in  capacity.  It  may  be  poured  in  place,  in  panels  from 
10  to  20  feet  long  with  expansion  joints  between  the  panels.  Some- 
times the  side  units  are  precast  during  the  irrigation  season  and  set 
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up  after  water  is  turned  out  of  the  canal  in  the  fall  of  the  year  (pi.  1, 
B).  The  Hilts  Sag  flume  of  the  South  San  Joaquin  irrigation  dis- 
trict in  California  replaced  an  old  box  flume.  First  the  concrete 
trestle  structure  was  built  under  the  wooden  flume.  Later  the  wooden 
box  was  replaced  with  precast  floor  and  side  walls  (pi.  15,  B).  Gunite 
has  been  shot  from  the  outside  against  smooth  wooden  forms  and 
shot  directly  in  constructing  the  floor  (2).  The  inner  surface  of  the 
side  walls  needs  no  further  treatment.  The  floor  can  be  much  im- 
proved by  using  a  trowel  or  other  smoothing  device  (pi.  1 ,  C).  Gunite 
shot  from  the  inside  yields  a  very  rough  interior  unless  it  is  smoothed 
afterward  (pi.  12,  A).  The  concrete  flume  is  usually  of  rectangular 
form,  but  has  been  built  in  circular  shape  in  both  poured  forms  and 
precast  units  (pi.  1,  A  and  7,  B)  and  has  also  been  poured  in  the  form 
of  the  hydrostatic  catenary,  thus  eliminating  all  bending  moment  and 
sheer  in  the  reinforcing  steel  under  maximum  load  (pi.  8,  B)  (20). 

The  flume  is  nearly  always  an  expensive  structure  per  unit  of  length 
in  comparison  with  the  cost  of  canals.  Size,  therefore,  is  of  great 
importance  from  the  economic  as  well  as  from  the  hydraulic  stand- 
point. With  the  materials  of  construction  available,  limiting  velo- 
cities are  very  high.  For  a  given  maximum  flow,  Q,  area  of  water 
prism  is  inversely  proportional  to  velocity.  All  the  factors  indicate 
that  the  limits  of  size  and  slope  cover  a  range  far  in  excess  of  that 
practicable  for  many  types  of  conduits.  Flume  velocities  are  usually 
from  4  to  8  feet  per  second;  many  are  from  8  to  12  or  15  feet  per 
second;  and  flume  chutes  are  commonly  found  with  velocities  from 
20  to  30  feet  per  second,  with  isolated  cases  up  to  80  or  more.  Irri- 
gation head  flumes  delivering  water  from  a  lateral  to  furrows  in  a 
field  are  but  a  few  inches  in  width.  Lateral  and  main  canal  flumes 
are  commonly  6  to  10  feet  wide  with  water  2  to  6  feet  deep.  Large 
flumes  are  common  in  widths  of  12  to  20  feet  or  more,  while  flume 
aqueducts  in  India  range  up  to  some  200  feet  in  width  and  flume 
superpassa^es  to  400  feet  in  width. 

Most  irrigation  or  hydroelectric  systems  have  some  flumes.  An 
idea  of  their  importance  in  numbers  can  be  found  in  a  recent  report 
(11)  which  states  that  the  projects  constructed  by  the  United  States 
Bureau  of  Reclamation  have  (1930)  5,260  flumes  of  concrete,  metal, 
and  wood,  aggregating  nearly  900,000  linear  feet,  62  percent  of  which 
is  wood  flume. 

Yet  the  census  of  1929  indicates  the  area  irrigated  on  the  Federal 
projects  is  less  than  8  percent  of  the  total.  Although  it  is  certain 
that  this  ratio  of  fluming  to  area  would  not  be  applicable  to  the  entire 
irrigated  area,  the  total  number  and  mileage  of  flume  is  great.  The 
number  and  aggregate  length  of  the  additional  flumes  used  on  hydro- 
electric, municipal,  and  naming  systems  would  probably  equal  those 
in  irrigation  use. 

NOTATION  AND  NOMENCLATURE  < 

Notation. — Throughout  this  bulletin,  the  following  symbols  will 
be  used  to  designate  the  same  element.  Additional  description  and 
definition  to  be  found  in  Nomenclature,  indicated  by  (see). 

A.  The  weighted  mean  area  of  the  water  cross  section  throughout  the  length 
of  reach,  considered,  in  square  feet.  (See  weighted  mean.)  Also  used  for  area 
in  the  abstract. 

*  The  lettered  symbols  used  in  this  bulletin  to  express  various  elements  will  be  given  under  Notation 
and  explanation  of  special  names  and  phrases  under  Nomenclature. 
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a.  The  area  of  any  particular  water  cross  section.  Usually  given  a  subscript 
to  identify  the  location  and  the  corresponding  elements. 

C.  Coefficient  in  Chezy  formula,  V=  C^/'RS. 

c.  A  coefficient  or  constant. 

Ce.  Coefficient  of  entry  to  apply  to  the  increase  in  velocity  heads. 
Co.  Coefficient  of  outlet  to  apply  to  the  decrease  in  velocity  heads. 

D.  Diameter  of  semicircular  flume,  in  feet. 

d.  Depth  of  water  in  the  channel,  in  feet,  usually  given  a  subscript  to  identify 
location  as  di,  d2,  etc. 

dc.  Critical  depth  (see). 
dn.  Normal  depth  (see). 

A.  Increment,  change,  as  A/i= change  in  velocity  heads;  AZ  change  in  surface 
elevation. 

E.  The  elevation  of  a  point  on  the  energy  line,  in  feet.  Usually  given  a 
subscript  to  identify  location.     E=Z-{-h  =  k-\-d-\-h.     Ei  —  E2  =  hf. 

g.  The  gravitational  constant = 32.2  in  English  measures. 

H.  Energy  content  =^d-\-h.     Bakhmeteff's  "specific  energy"(4). 

Hmin.  Minimum  energy  content  =  dc  +  /ic. 

h.  Velocity  head,  assumed  =  vV2g',^  in  feet.  The  drop  in  elevation  of  the  water 
surface  (W.  S.)  necessary  to  generate  the  velocity  under  consideration. 

he.  Velocity  head  for  Belang^r's  critical  velocity,  Vc,  in  feet. 

he.  Entry  loss  in  feet.  The  fall  in  the  energy  line  between  entrance  to  flume 
transition  and  entrance  to  flume  proper. 

hf.^  Friction  loss.  The  fall  in  the  energy  line,  through  the  length  of  reach 
considered,  in  feet.  The  difference  in  the  values  of  E  at  the  two  ends  of  the  reach. 
For  idealized  sffeady  uniform  flow  only,  the  fall  in  the  energy  line,  in  the  water 
surface  and  in  the  channel  bed  are  alike.  The  loss  due  to  all  hydraulic  friction 
rather  than  perimeter-contact  friction  only. 

ho.  Outlet  loss  in  feet.  The  fall  in  the  energy  line  between  the  outlet  proper 
of  the  flume  and  the  end  of  the  outlet  transition  or  the  point  of  maximum  recovery 
of  velocity  head. 

hr.  Recovered  velocity  head.  The  kinetic  energy  recovered  and  converted  to 
head  of  elevation  while  ho  is  developing  at  the  outlet.  Expressed  as  a  percentage 
of  difference  in  velocity  heads  for  flume  section  at  outlet  proper  and  canal  section 
at  greatest  elevation  of  Z.     Also  expressed  in  feet  as  Z(canal) — Z (flume  outlet) . 

i.  Head  lost  by  impact  and  eddies,  as  in  the  hydraulic  jump. 

/.  Height  of  hydraulic  jump  expressed  as  ratio  of  depth  after,  to  depth  before 
the  jump.  d+h  =  d'-]-h'-\-i,  d  and  h  referring  to  elements  before  the  jump,  and 
d'  and  /i'  to  elements  after  the  jump. 

K.  Bakhmeteff's  symbol  of  conveyance  of  a  channel^^CV^R  U>  P-  IS). 

k.  Elevation  of  flume  bed  or  canal  bed  above  datum,  in  feet. 

L.  Length  of  reach  considered,  measured  along  the  bed  slope,  in  feet. 

M.   Momentum  =  QV^lgr  in  cubic  units  of  water.     (Seep.  19.) 

M\  Bakhmeteff's  M'-function=:  ^V-AT.     (See  p.  81.) 

Q2        2h 
X.  Bakhmeteff's  **  Kinetic  flow  factor  "=-rr-3= -7--    (Seep.  84.) 

A^gd      d       ^       ^        ^ 

n.  Coefficient  of  hydraulic  friction  in  Kutter's  formula. 

n' .  Coefficient  of  hydraulic  friction  in  Manning's  formula. 

n.  A  subscript  to  denote  elements  at  normal  flow,  such  as  y„,  (i„. 

P.  Wetted  perimeter  in  the  abstract.  Also  hydrostatic  pressure  in  cubic  units  of 
water. 

p.  Wetted  perimeter,  in  feet,  at  a  particular  cross  section,  from  which  a/p=^r. 

Q.  The  amount  of  flow,  in  cubic  feet  per  second,  under  consideration.  Design- 
Q',  the  flow  used  as  maximum  capacity  in  the  design  of  a  flume  or  other  structure. 
Qc,  critical  flow,  at  Vc  and  at  depth  dc. 

R.  Mean  value  of  hydraulic  radius  vi,  etc.  through  reach  considered,  in  feet,  for 
computation  of  friction  factors.  Should  not  be  taken  as  A/P  where  P  would  be 
the  mean  value  of  the  wetted  perimeters  pi,  etc.  Also  R  used  for  hydraulic  radius 
in  the  abstract. 

r.  Hydraulic  radius  at  a  particular  cross  section,  in  feet,  usually  given  a  sub- 
script to  identify  location  as  ri'=ai/pi. 

*  This  is  the  usual  interpretation  of  velocity  head.  Strictly  speaking  it  should  be  the  mean  value  of  the 
velocity  heads  for  all  the  elements  of  flow  across  the  section,  rather  than  the  velocity  head  for  the  mean 
velocity  across  the  section.  The  true  value  may  be  15  percent  or  more  in  excess  of  h  as  given  here.  Muckel- 
ston,  discussing  Hinds  (14,  p.  1,461)  suggests  adding  4  percent  to  the  value  of  ft  as  above,  in  order  to 
approximate  the  true  velocity  head. 
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S.  The  slope  of  the  energy  line  (E  line) ;  always  downward  in  direction  of  flow. 
Never  rises.     The  slope  factor  in  flow  formulas  such  as  Kutter's.     S=-J in  feet 

per  foot=— ^-T — =  •    S  is  not  the  slope  of  the  water  surface.     In  idealized  uniform 

flow,  it  is  parallel  to  and  hence  equal  to  that  of  the  surface  and  that  of  the  channel 
bed.  In  flume  hydraulics  the  surface  falls  rapidly  above  or  at  the  inlet  of  a  flume; 
rises  and  falls  in  the  flume,  and  usually  rises  rapidly  immediately  beyond  the  flume 
outlet. 

s.  Slope  of  the  bed  of  the  flume;  usually  downward.  May  be  horizontal  for 
very  short  flumes.  May  rise  or  fall  gently  or  abruptly  at  either  or  both  ends  of 
the  flume.  The  flume  bed  may  be  well  above  or  well  below  the  level  of  the  canal 
bed  at  the  ends  of  the  flume.  In  design,  s  usually  computed  as  parallel  to  E  line 
and  to  water  surface  for  an  assumed  normal  surface  at  capacity  flow. 

T.  Width  of  water  surface  at  section  under  consideration,  in  feet. 

V.  The  mean  velocity  of  the  water  through  the  reach  under  consideration,  in 
feet  per  second.  Approximates  0/A  if  cross  sections  are  taken  often  enough  so 
that  mean  area  A  closely  approximates  the  mean  value  of  a  great  many  local 
areas  (ai  .  .  .  etc.).  For  many  cross  sections,  best  approximation  is  mean 
weighted  value  of  Vi,  Va,  vt  .  .  .  ^2-  In  flume  chutes,  the  swell  of  the  water  due 
to  entrainment  of  air  annuls  the  continuity  equation  V=Q/A.  (See  p.  90.) 
V  will  also  be  used  for  velocity  in  the  abstract. 

V.  The  average  velocity  of  water  across  a  local  cross  section,  usually  given  a 
subscript  to  identify  location,  as  ^i  =  0/ai. 

Z.  Elevation  of  the  water  surface  above  datum,  in  feet,  usually  given  a  sub- 
script to  identify  location  as  Zi,  Z2,  etc. 

W.S.  Water  surface;  usually  sloping  downward.  May  remain  quite  level 
though  flowing  rapidly  throughout  length  of  flume,  say  1,000  feet  long.  This 
emphasizes  fact  that  energy  slope,  S,  is  effective,  not  water  slope.  Usually  rises 
appreciably,  in  recovery  of  velocity  head,  beyond  lower  end  of  flume.  May  rise 
abruptly,  through  the  hydraulic  jump,  either  within  the  flume  proper  or  at  the 
outlet.  May  rise  and  fall  intermittently — above  and  below  critical  depth,  either 
with  or  without  the  jump,  for  flow  near  critical  depth  in  a  uniform  channel,  such 
as  a  flume. 

Nomenclature — In  this  bulletin  certain  words  and  phrases  have 
special  meanings  not  ordinarily  found  in  the  dictionary. 

Canal.  The  channel  leading  up  to  and  away  from  the  flume. 

Control.  Where  conditions  are  such  that  critical  flow  is  developed  at  a  section 
of  the  conduit,  then  this  location  is  called  a  "control",  because  the  flow  upstream 
is  independent  of  the  water  stage  below  the  control.  If  the  conduit  or  pool 
velocity  above  the  control  is  slower  than  the  critical  velocity,  maximum  flow  with 
minimum  energy  content  {Hmm-)  holds  at  the  control.  If  the  conditions  above 
the  control  location  change  to  cause  velocity  faster  than  the  critical,  the  control 
passes  from  this  location  to  some  other  location  farther  upstream  where  critical 
flow  is  developed.  A  definite  control  section  for  all  flows  offers  an  excellent  place 
from  which  to  compute  surface  curves. 

Critical  depth.  In  flume  design  and  operation  critical  velocity  and  the  depth 
at  which  this  velocity  holds  are  of  importance.  For  any  given  section,  quantity 
of  flow,  Q,  and  the  total  energy,  //>do  +  /ic,  there  are  two  depths  of  water  for  which 
d-{-h  are  identical.  These  are  called  the  "alternate  stages"  (pi.  12,  C).  At 
critical  depth,  these  two  stages  merge  (fig.  5,  and  pi.  14,  B  and  C).  For  any  other 
such  value  of  //,  there  are  two  other  depths  that  are  also  conjugate.  This  rather 
complex  condition  is  made  clearer  by  a  study  of  the  H,  d  curve  in  figure  7.  Water 
at  less  than  critical  depth  is  flowing  at  shooting  velocities  and  the  flume  usually 
becomes  a  "chute."  If  the  depth  is  greater  than  the  critical  then  we  have 
streaming  velocities,  subject  to  both  the  backwater  curve  and  the  drop-down 
curve.  Shooting  velocities  are  not  subject  to  long  backwater  or  drop-down 
curves,  as  ordinarily  considered.  They  do  exist  under  the  condition  of  acceler- 
ating flow,  from  critical  velocity  at  the  top  of  a  chute  to  a  much  faster  velocity 
that  is  normal  for  the  chute  under  consideration.  However,  the  writer  believes 
this  surface  curve  to  be  similar  to  that  of  the  entering  nappe  at  the  inlet  of  a 
smooth-transitioned  flume  (pi.  5,  A). 

Energy  gradient.  Strictly,  the  rate  of  fall  of  the  energy  line,  equal  to  the  energy 

slope  S=  ,-=  ^^ — -•    By  analogy,  the  energy  line  itself. 
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Energy  line.  The  energy  grade  line.  The  locus  of  Bernoulli's  summation, 
considering  losses;  hence,  the  E  line.  Not  to  be  confused  with  water  surface. 
For  tapered  flow  the  energy  line  is  taken  as  straight  for  the  reach  considered.  If 
the  taper  is  caused  by  checked  water,  then  the  depth  increases,  velocity  decreases 
and  the  E  line  is  slightly  concave  upward  (fig.  2,  C) .  If  the  velocity  increases 
the  E  line  is  slightly  convex  upward  (fig.  2,  B) . 

Energy  content.  Energy  content  curve  isa  H,  d  curve  in  figure  7  for  a  given  Q. 
Free  flow.  As  applied  to  flume  outlets;  requires  a  stage  of  water  in  the  canal 
below  (tail  water)  that  permits  flow  at  the  outlet  to  be  at  critical  depth  (see). 
This  condition  may  be  attained  with  a  recovery  of  velocity  head  so  that  the  tail- 
water  stage  is  well  above  the  stage  in  the  flume  outlet,  Z  =  dc-{-hr.  Any  stage  of 
tail  water  below  this  does  not  change  the  stage  of  flow  in  the  flume  outlet;  causes 
a  definite  break  in  the  energy  gradient;  and  acts  as  a  drop,  and  the  flow  from  the 
flume  is  said  to  be  free. 

Flume.  An  artificial  open  conduit  of  concrete,  metal,  or  wood  on  a  prepared 
grade,  trestle,  or  bridge.  A  flume  is  a  complete  structure  for  the  conveyance  of 
a  flow  of  water. 

Bench  flume.     A  flume  bedded  down  on  a  flat  shelf  or  bench  excavated  on  a 
definite  grade  along  canyon  or  mountain  sides.     Some  have  been  partially 
or  wholly  backfilled  and  so  confused  with  canal  linings.     Some  are  covered 
but  the  water  conveyed  is  not  under  pressure.     (See  Trestle  flume.) 
Long  flume.     A  flume  of  such  length  that  at  least  through  a  portion  of  it 
the  water  flows  at  approximately  normal  depths  for  all  values  of  Q.     Back- 
water or  drop-off  curves  may  influence  the  surface  and  velocity  toward 
the  outlet  end.     These  elements  can  be  modified  in  many  ways  at  the 
inlet  end.     The  controlling  capacity  elements  are  determined  by  a  solution 
for  uniform  flow  at  any  normal  depth  and  this  controlling  capacity  can  not 
be  improved  by  any  changes  in  water  stage  at  the  outlet  end  as  can  a 
short  flume. 
Short  flume.     A  flume  of  such  length  that  the  water  surface  curves  are 
determined  throughout  by  the  water  stages  in  the  canal  above  and  below, 
or  by  a  control  developed  at  the  inlet  or  outlet  ends  of  the  flume.     In  a 
short  flume  normal  flow  develops  by  coincidence  only.     However,  short 
flumes  as  well  as  long  flumes  are  usually  designed  for  an  idealized  uniform 
flow. 
Trestle  flume.     A  flume  body  on  a  definite  grade  carried  on  trestle  bents  of 
varying    heights    above    surrounding    terrain.     English    and    Canadian 
engineers  often  call  them  aqueducts  when  of  imposing  dimensions.     The 
old  Roman  aqueducts  were  essentially  covered  flumes.     Many  conduits 
called  aqueducts  in  the  United  States  have  little  or  no  fluming  throughout 
their  lengths. 
Hydraulic  friction.  Cause  of  loss  of  head  in  flowing  water;  includes  influence 
of  channel  surface  and  alignment,  eddy,  impact,  and  other  losses  besides  friction 
with  the  containing  channel;  excludes  enlargement,  contraction,  and  "special 
losses." 

Normal  depth.  The  depth  of  water  at  normal  flow  dn  (see).  The  idealized 
depth,  resulting  from  computations  for  uniform  flow.  Some  writers  prefer  neu- 
tral depth  to  avoid  any  confusion  of  normal  as  a  synonym  for  "at  right  angles 
to."  For  flow  down  steep  chutes,  depth  is  usually  measured  normal  (at  right 
angles)  to  the  slope  of  the  chute  rather  than  vertically.  Only  in  this  connection 
can  confusion  arise  in  the  use  of  normal  depth  as  defined  above. 

Normal  flow.  Uniform  flow  in  a  uniform  channel,  satisfying  the  solution  for  a 
flow  formula,  such  as  Kutter's.  Under  this  condition,  the  bed  slope,  the  water 
surface,  and  the  energy  line  are  parallel.  Though  useful  in  design,  such  uniform 
flow  is  seldom  found  in  field  experiments.  A  perusal  of  table  3  indicates  the 
general  tendency  for  tapered  flow  to  exist.  Long,  straight  channels  of  uniform 
shape  and  uniform  surface  would  develop  this  idealized  flow.  It  should  not  be 
taken  for  granted  in  any  field  tests  for  values  of  n.  Some  writers  prefer  neutral 
flow  to  normal  flow. 

Shooting  and  streaming  flows.   (See  Critical  depth.) 

Weighted  values.  Throughout  this  bulletin  values  of  local  elements,  such  as 
a,  r,  etc.,  will  be  weighted  in  the  determination  of  corresponding  mean  values, 
A,  R,  etc.,  in  accordance  with  the  length  of  reach  each  local  element  influences. 

TYPES  OF  FLUME 

Flume  structures  are  built  of  several  materials  and  usually  are  of 
distinctive  shape  as  shown  in  figure  1.  However,  all  of  the  charac- 
teristic materials  are  used  for  flumes  of  distinct  types,  which  may  be 
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divided  in  two  ways  from  the  flow  standpoint:  Uniform  or  nonuni- 
form flow;  streaming  flow  or  shooting  flow.  These  groups  may  be 
subdivided  according  to  type,  as  follows: 

Type  A,  long  flumes,  including  some  steady,  uniform  flow. 

Type  B,  short  flumes,  with  nonuniform  flow  in  a  uniform  channel. 

Type  C,  relatively  low- velocity  flumes  for  flows  slower  than  the 
critical. 

Type  D,  relatively  high-velocity  flumes  for  flows  faster  than  the 
critical,  commonly  called  "chutes".  Often  with  complex  flow  due  to 
changes  in  constructed  gradient. 

The  flow  in  types  A  and  B  must  be  in  combination  with  types  C 
or  D.  Sometimes  both  C  and  D  are  found  in  a  single  structure  of 
either  A  or  B  type.  The  writer  estimates  the  proportions  of  the  com- 
binations of  types  about  as  follows:  Type  A-C,  20  percent;  type  B-C, 
75  percent;  type  A-D,  2  percent;  and  type  B-D,  3  percent.  In  con- 
nection with  types  C  and  D,  the  word  ''relatively"  is  used  because 
shooting  flow  may  occur  in  a  small  flume  at  a  velocity  of  3  or  4  feet 
per  second ;  but  in  a  large  flume  this  stage  is  deferred  until  the  velocity 
IS  much  higher. 

FORMULAS  FOR  FLOW  OF  WATER  IN  FLUMES 

Long  flumes,  in  which  the  anticipated  velocities  are  slower  than  the 
critical,  can  be  designed  like  any  other  open  channels,  using  one  of 
the  standard  formulas  for  uniform  flow.  However,  the  high  velocities 
usually  associated  with  flumes  must  be  kept  in  mind.  Definite  pro- 
vision must  be  made  for  the  drop  in  water  surface  necessary  to  develop 
the  high  velocity  as  water  enters  the  flume  from  the  canal  or  other 
conduit  at  a  lower  velocity.  Greater  freeboard  is  recjuired  to  care  for 
anticipated  or  possible  waves.  At  the  outlet  transition,  the  recovery 
of  velocity  head  should  be  considered. 

The  determination  of  the  actual  water  prism  with  its  hydraulic  ele- 
ments is  the  same  as  for  any  open  channel.  In  the  United  States, 
the  Kutter  formula,  as  elaborated  from  the  simple  relation  as  given 
by  Chezy,  is  still  in  general  use.  Values  of  n  in  the  Kutter  formula 
and  of  n'  in  the  Manning  formula  are  quite  alike  through  the  range 
usually  associated  with  flume  flow;  hence,  the  Manning  formula  and 
diagrams  based  thereon  can  be  used  to  obtain  approximately  the  same 
results  as  those  obtained  by  the  Kutter  formula.  The  two  formulas 
do  not  yield  approximately  identical  results  in  the  higher  values  of  w, 
say  from  0.030  upward.  However,  the  proper  coefficient  of  roughness 
to  use  in  any  formula  remains  a  matter  of  judgment,  based  upon 
empirical  data  obtained  from  flumes  similar  in  material  and  conditions 
to  the  one  under  consideration.  The  empirical  data  hsted  in  this 
bulletin  give  the  field  measurements  and  supplementary  office  com- 
putations finally  resulting  in  values  of  the  retardation  or  flow  coeffi- 
cients for  all  formulas  of  the  usual  type,  which  neglect  any  influence 
of  viscosity  except  as  such  influence  existed  in  the  original  field  tests 
upon  which  most  formulas  were  based. 

Short  flumes  are  usually  designed  for  the  desired  maximum  capac- 
ity in  much  the  same  way  as  long  flumes,  except  where  the  structure 
is  to  act  as  a  drop  as  well  as  a  flume.  However,  they  are  more  elastic 
in  their  hydraulic  properties  than  a  long  flume.  Even  if  designed  for 
uniform  flow  at  a  normal  depth  with  the  desired  freeboard,  the  flow, 
if  inadequate,  may  be  increased  by  means  that  would  not  affect  a  long 
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flume.  The  shorter  the  flume,  the  more  is  its  maximum  capacity 
dependent  on  its  place  in  the  vertical  plane  with  regard  to  the  water 
prism  and  energy  line  in  the  canal  at  either  end.  Likewise,  the  shorter 
the  flume,  the  less  is  its  capacity  dependent  on  its  constructed  slope. 
A  very  short  flume — crossing  side  drainage  or  a  narrow  depression  or 
replacing  a  washed-out  section  of  canal — may  have  a  very  steep  slope, 
or  a  level  bottom,  or  even  a  bottom  that  slopes  upward  in  the  direc- 
tion of  flow;  and  the  fuU  range  in  capacity  for  these  conditions  may 
be  less  than  the  range  as  influenced  by  its  position  in  the  scheme  of 
levels.  (See  pi.  14,  C.)  Sometimes  strange  paradoxes  result  from 
extended  study  or  trial  with  short  flumes.  Several  years  ago  a  short 
section  of  a  long  metal  flume  was  washed  out.  The  canal  company 
replaced  the  missing  section  of  approximately  circular  shape  with  a 
short  piece  of  rectangular  box  flume,  having  the  same  gradient  that 
the  metal  flume  had.  Using  a  higher  value  of  Kutter's  n  for  the 
rough  board  flume,  the  design  resulted  in  a  relatively  large  section  for 
the  box  flume.  This  section  became  the  bottle-neck  in  the  whole  con- 
duit. It  would  not  carry  the  desired  flow,  not  because  it  was  too 
small,  but  because  it  was  too  large.  The  losses  in  the  conduit  enlarge- 
ment at  the  section  entrance  and  the  contraction  at  its  outlet,  first 
rapidly  decreasing  the  velocity  and  then  as  rapidly  increasing  it,  com- 
pletely overshadowed  the  negligible  difference  in  friction  loss  due  to 
difference  in  conduit  material.  Had  cradles  approximating  the  shape 
of  the  metal  flume  been  lined  with  the  boards  used  for  the  box  flume, 
the  resulting  replacement  would  have  worked  as  desired,  but  perhaps 
encroaching  a  little  on  the  freeboard  upstream  in  order  to  overcomo 
the  slight  difference  in  friction  loss. 

The  coefficient  of  retardation  has  been  computed  for  three  of  the 
best  known  formulas  used  in  the  United  States  in  designing  open 
channels.  The  formulas  considered  are  the  Chezy  formula,  (1);  the 
Kutter  formula,  (2);  and  the  Manning  formula,  (3). 

In  1775  Chezy,  a  French  engineer,  advanced  the  following  formula 
for  calculating  the  flow  of  water  in  open  channels: 

V-C^JRS  (1) 

This  formula  was  based  on  the  assumption  that  the  velocity  of 
water  flowing  in  a  long,  uniform  channel  does  not  increase  for  each 
succeeding  second  of  its  passage  as  would  be  the  case  if  it  followed, 
unhindered,  the  law  of  gravity;  but  that  it  acquires  a  certain  velocity 
early  in  its  flow,  and  from  that  time  the  velocity  remains  quite  con- 
stant as  long  as  the  surrounding  conditions  are  not  changed,  the 
tendency  for  the  velocity  to  increase  being  just  counteracted  by  the 
various  retarding  influences.  The  conditions  upon  which  the  assump- 
tion is  based  are  approximated  in  long,  straight  flumes. 

The  coefficient  C  was  supposed  to  care  for  all  of  the  various  factors 
affecting  the  velocity,  such  as  friction  between  the  moving  filaments 
of  water  and  the  containing  channels,  but  it  did  not  involve  the  slope 
and  the  mean  hydraulic  radius.  After  some  three  quarters  of  a 
century  of  use,  it  was  found  that  C  was  not  constant  but  a  rather 
complicated  variable. 

Substituting  this  variable  in  formula  (1)  we  have  Kutter's  formula, 
expressed  in  English  measures: 
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This  formula  takes  into  consideration  the  influences  of  hydraulic 
grade  and  of  the  mean  hydraulic  radius  upon  the  coefficient  C,  and 
introduces  a  new  variable,  n,  which  is  supposed  to  represent  all  the 
retarding  influences. 

In  this  elaborated  form  the  above  formula  represents  a  vast  amount 
of  mathematical  plotting  and  deduction  by  Kutter  and  Ganguillet 
(70),  engineers,  in  Berne,  Switzerland.  It  was  developed  in  1869 
from  the  data  covering  81  different  gagings  of  rivers  and  canals, 
ranging  from  channels  a  few  inches  wide  to  the  Mississippi  River. 

Although  there  has  been  much  protesting  against  the  Kutter  for- 
mula, particularly  respecting  the  term  including  S,  it  is  stiU  the  main- 
stay of  the  irrigation  engineer  in  the  design  of  open  channels.  The 
courts  of  the  West,  in  particular,  look  askance  at  any  attempt  to 
establish  the  capacity  of  an  open  channel  by  any  formula  other  than 
Kutter's.  In  Europe  the  Kutter  formula  is  used  in  some  countries, 
while  others  use  the  Manning,  Bazin,  or  other  later  formulas. 

In  an  effort  to  modify  the  complex  form  of  Kutter's  formula,  the 
Manning  formula  appeared  some  40  years  ago  and  recently  its  general 
acceptance  has  been  urged  in  the  United  States.  As  material  for  use 
with  this  formula,  values  of  n'  are  given  with  Kutter's  n,  in  table  2. 

The  values  of  n'  in  the  Manning  formula  (3),  are  sufficiently  close 
to  the  values  of  n  in  the  Kutter  formula  so  that  the  same  values  may 
be  used  by  engineers  partial  to  the  Manning  formula,  at  least  through 
the  range  usually  found  in  flumes.  The  chief  advantage  of  the  latter 
is  its  simplicity,  but  as  the  Kutter  formula  is  seldom  computed — 
diagrams  and  tables  being  quite  generally  used — this  objection  to  the 
Kutter  formula  is  not  material.    The  Manning  formula  is 

V=  li^i2O.67^0.5O  (3) 

The  flow  formulas  given  above  provide  the  hydraulic  elements  for  a 
flume  of  given  or  assumed  shape  and  dimensions,  provided  it  is  long 
enough  for  normal  flow  to  develop.  In  all  these  formulas,  the  following 
may  be  noted:  The  area  of  the  water  prism,  A^  the  whetted  perimeter, 
P,  the  hydraulic  radius,  i?,  the  length,  Z,  the  friction  loss,  hf  and  tJie 
slope,  /S,  are  dimensional  and  assuredly  computed.  The  retardation 
factor  assumed  in  the  computations  is  a  matter  of  judgment,  based  on 
such  empirical  data  as  those  listed  in  this  publication,  interpreted 
by  the  designer  himself  or  as  detailed  in  recommendations  of  the 
writer  (p.  51). 

VELOCITY  HEAD 

The  mean  velocity  of  the  water,  F,  a  direct  factor  in  the  quantity 
of  flow,  is  the  velocity  that  will  be  maintained,  without  acceleration 
or  deceleration,  if  the  assumptions  in  the  flow  formula  are  correct. 
But  that  formula  does  not  provide  for  the  generation  of  this  velocity 
in  the  first  place.  In  the  past  this  provision  has  often  been  overlooked. 
It  is  callea  the  velocity  head,  symbolized  by  h.  It  is  absolutely 
essential  in  flume  structures.  The  velocity  head  has  been  assumed 
to  be  the  same  as  for  the  falling  body  in  ordinary  computations. 
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The  formula  for  the  velocity  of  a  falling  body,  V=  sj^ghy  transposed 
and  expanded  becomes 

Velocity  head  =  h  =  ^  (4) 

The  essential  nature  of  h  in  flume  problems  may  be  clarified  by  an 
example:  If  the  mean  velocity  of  the  water  in  a  flume  is  8  feet  per 
second,  the  surface  of  the  water  at  the  beginning  of  this  rate  of  flow 

must  be  at  least  ^^^TT"^^-^^^  ^^^^  (^^^  ^  foot)  below  the  energy 

line  E,  at  that  point.  If  the  water  upstream  from  the  point  is  pooled, 
that  is,  without  appreciable  velocity,  the  water  surface  and  E  are 
at  the  same  elevation.    If  the  water  upstream,  in  an  earth  canal,  for 

example,  has  a  velocity  Vq,  its  velocity  head,  equal  to  ^»  must  be 

added  to  the  elevation  of  the  water  surface,  Zq,  to  get  the  point  on 
the  energy  line,  Eq.    As  a  general  formula 

E=Z+^  =  Z+h  (5) 

and 

for  still  water,  since  2;  =  0.00,  E=Z  (6) 

Therefore,  for  either  a  long  or  a  short  flume,  velocity  head  for  the 
increased  velocity  at  the  upper  end  of  the  flume  takes  the  form  of  a 
surface  drop,  shown  in  many  of  the  views  in  this  bulletin.  (See  pis. 
4  and  5,  and  fig.  2.) 

ENTRY  LOSS 

The  loss  of  head  at  entry  is  shown  in  figure  2  by  the  slight,  steep 
drop  in  the  energy  line  and  not  by  the  deep  plunge  of  the  water 
surface.  The  latter  has  often  been  mistaken  for  entry  loss.  It  is 
merely  the  conversion  of  head  of  elevation  to  velocity  head  described 
in  the  last  few  paragraphs  above.  It  can  be  understood  as  an  invest- 
ment and  becomes  a  loss  only  as  measured  by  lack  of  recovery  further 
down  the  flume  or  at  the  outlet. 

Discussion  in  terms  of  the  energy  line  and  energy  head  is  new  to 
many  readers  who  wiU  recognize  the  older  form  which  amoimts  to 
the  same  thing: 

AZ  =  Zo-Z,  =  Ah  +  CeAh  =  Ah(l+Ce)='^^^   (l+Ce)  (7) 

The  drop  in  water  surface,  AZ,  is  equal  to  the  difference  in  velocity 
heads  for  the  head  water  in  the  forebay  or  leading  canal  and  for  the 
water  in  the  flume  at  the  upper  end,  plus  a  small  friction  loss,  plus  the 
entry  loss.  In  the  United  States,  this  is  usually  taken  as  a  constant, 
multipUed  by  the  difference  in  velocity  heads,  or  CeAh.  Some  author- 
ities apply  Ce  to  the  higher  velocity  involved.  Generally,  the  differ- 
ence, due  to  method,  is  not  of  moment  since  the  lower  velocity  usually 
has  a  much  smaller  head  than  the  higher  one. 

The  coefficient  of  entry-loss,  c^,^  including  friction  in  the  inlet 
transition,  may  be  taken  as: 

« The  suggested  values  of  c,  may  be  understood  as  conservative  conclusions  from  all  data  on  entry  losses 
now  available,  with  friction  included. 
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(1)  0.20  for  square-ended  bulkhead  entrances  to  flumes  (pi.  4,  A). 

(2)  0.15  for  entrance  wings  set  30°  to  45°  to  the  axis  of  the  flume 

(pl.  4,  B). 

(3)  0.10  for ''cylinder  quadrant"  inlets:  vertical,  circular,  wings 

(pis.  5  and  8,  A). 


-  >^  K.S:  at  Shooting  _sta£e  _ 


End 


Ah 

4r •^- 


—  ^-^^     £, 

^'   1-  -  -   WiS,  at_critical  stagr^^-^77 f^Ad 

t  


.9 'bed  slopp 


^    Res.W.S. 


v->^v,  I  c^a  shows  some 

•'?<.*'i  recovery  of 

~k^        i  head  within 

^7777:^7777^^  flume 


FrecBE  2,--Diagram  of  three  principal  flow  conditions  in  flumes:  A.  Idealized  normal  flow  as  usually 
assumed  In  design  and  approximated  In  actual  flow  of  long  flumes;  B,  accelerating  flow,  found  in  short 
flumes  and  at  lower  ends  of  long  flumes  where  the  tail-water  stage  is  relatively  low;  C,  decelerating  flow, 
found  in  short  flumes  and  at  lower  ends  of  long  flumes  where  tail-water  stage  is  relatively  high. 

(4)  0.10  for  warped  transition  inlets  following  computations  as 

given  on  page  73  (pl.  4,  C). 

The  values  in  (3)  and  (4),  above,  indicate  that  there  is  probably 

but  little  inlet  loss  other  than  friction  \mder  conditions  as  given.     The 

coefl&cient  influence  comes  within  the  zone  of  error  in  the  assumptions 

as  to  velocity  heads. 
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Empirical  values  of  Ce  for  cylinder  quadrant  inlets/  described  on 
p.  70,  listed  in  table  1  are  computed  by  the  formula: 


Ce  = 


AZ—Ah    Zo  —  Zi  +  ho  —  hi 


Ah  hi~ho 

in  which  Ce  is  the  coefficient  of  entry  loss,  including  friction  loss. 


(8) 


Table   1. — Elements  of  results;  experiments  on  entry  loss  in  cylinder-quadrant 

transitions 


Flow 
Q 

Velocity 

increases,  canal 

to  flume 

Vo            Vl 

Velocity  heads 

Surface  drop 

Entry 

Reference  no.,  see  table  2 

Canal 
ho 

Flume 
hi 

Differ- 
ence 

Ah 

Eleva- 
tion 

Propor- 
tion 

AZ/Ah 

coeffi- 
cient 

Ce 

I.M.I.  15... 

I.M.I.  141 

I.M.I.  71 

155 

Sec.-ft. 

2.07 

2.25 

2.34 

8.36 

212.  59 

314  00 

564.00 

603.00 

Ft.  per  sec. 
1.75    to  4. 66 
1. 19    to  4.  64 
1. 193  to  4. 82 
.92    to  3.4 
4.29   to  6. 08 
1.63    to  5.  46 
1. 795  to  4. 95 
1.95    to  9. 08 

Feet 
0.021 
.022 
.022 
.013 
.286 
.036 
.050 
.059 

Feet 
0.323 
.336 
.361 
.180 
.575 
.464 
.381 
1.26 

Feet 
0.302 
.313 
.339 
.167 
.289 
.428 
.331 
1.20 

Feet 
0.302 
.32 
.34 
.156 
.334 

1.000 
1.022 
1.003 

"i.'i55' 

Feet 
(«) 
0.022 

.003 
(2) 

.  156 

105 

104. 

(2) 

166    . 

.338 
1.332 

1.022 
1.11 

.022 

166 

.110 

1  From  experiments  of  I.  M.  Ingerson  mentioned  below. 
*  No  loss. 

Where  the  velocity  in  the  flume  at  the  upper  end  is  close  to  or 
exceeds  the  critical,  the  lip  of  the  intake  structure  may  become  a 
control  with  a  long  draw-down  curve  upstream.  Through  the  lower 
reaches  of  this  canal  section,  the  velocity  is  liable  to  exceed  the  per- 
missible velocity  for  the  material  forming  the  bed  (9).  In  such  cases 
it  is  advisable  to  study  the  hydraulic  notch  (21)  to  the  end  that 
velocities  above  the  inlet  structure  may  be  held  within  bounds.  The 
notch  is  effective  only  for  velocities  slower  than  the  critical. 

OUTLET  LOSS  AND  RECOVERY  OF  VELOCITY  HEAD 

At  the  outlet  end  of  most  flumes,  the  velocity  is  reduced  and  the 
decrement  in  velocity  head  is  available,  at  least  in  part,  to  elevate 
the  water  surface.  This  condition  is  to  some  extent  the  reverse  of 
the  surface  drop  noted  at  the  inlet  end,  but  this  rise  of  the  water 
surface  is  not  so  nearly  perfect  as  the  inlet  drop.  This  rise,  termed 
the  "recovery  of  velocity  head",  is  usually  less  than  the  change  in 
the  velocity  heads.  At  the  inlet,  the  surface  must  always  drop  at 
least  the  full  difference  in  velocity  heads,  plus  a  small  entry  loss.  At 
the  outlet,  the  recovery  in  elevation  is  always  less  than  the  full  differ- 
ence in  velocity  heads  and  the  outlet  loss  is  taken  as  equal  to  the 
unrecovered  velocity  head. 

7  The  cylinder-quadrant  inlet  was  developed  independently  as  part  of  the  experimental  work  toward  a 
graduation  thesis  by  I.  M.  Ingerson  at  the  University  of  CaUfornia,  working  under  the  direction  of  B.  A. 
Etcheverry  and  the  writer.  Before  suggesting  it  in  this  bulletin,  it  was  offered  to  several  organizations  for 
field  use,  to  give  structures  for  tests  on  sizes  much  larger  than  those  feasible  in  the  laboratory  work.  One 
(pi.  8,  A)  was  built  on  a  30-foot  radius  for  Erskine  Creek  flume,  18.4  feet  in  diameter  (no.  166).  The  results 
were  so  satisfactory  that  this  transition  has  been  used  to  replace  the  entry  structures  on  all  the  flumes  of 
Borel  Canal.  Since  then  many  irrigation  and  hydroelectric  systems  of  the  West  have  adopted  them  as 
standard  construction.  In  the  opinion  of  the  writer,  they  are  suflicient  for  velocities  up  to  about  8  feet  in 
the  flume  if  built  with  a  short  straight  section  between  the  curved  wings  and  the  flume  proper  for  velocities 
higher  than  say  5  feet  per  second.  For  still  higher  velocities  he  suggests  using  the  warped-inlet  transition 
assuming  the  surface  curve  as  a  reversed  parabola,  along  the  Unes  laid  down  by  Hinds  (14)  • 
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By  a  process  of  reasoning  similar  to  that  for  the  inlet  drop,  the 
formula  for  the  change  in  the  water  surface  is  found  to  be 

^Z=bh-Co  Ah  =  Ah{l-Co)  (9) 

where  Co  is  the  coefficient  of  outlet  loss.  However,  the  rise  in  the 
water  surface  at  the  outlet  is  the  recovered  portion  of  the  velocity 
head  investment,  or 

AZ  =  hr  (10) 

the  percentage  of  velocity  head  change  recovered  = —^r-^  (11) 

and 

the 

From  formula  (9)  above 


the  percentage  lost  = ^^^r^ (12) 

Ah-AZ  .,„, 

Co  =  —^  (13) 


where  Co,  the  coefficient  of  outlet  loss,  and  hr,  the  velocity  head 
recovered,  may  be  taken  as: 

(1)  Co  =  0.75  and  hr  =  0.25 Ah  for  square-end  bulkhead  outlets. 

(2)  Co  =  0.50  and  hr  =  0.50Ah  for  outlet  wings  set  at  an  angle  of 

30°  with  axis  of  flume. 

(3)  Co  =  0.25  and  hr  =  0.75Ah   for    long-taper   or    warped   outlet 

wings,  following  design  as  given  on  page  74. 
These  coefficients  are  more  conservative  than  available  experimental 
data  may  warrant,  but  conditions  at  outlets  are  more  unstable  than 
at  inlets  so  more  conservative  figures  should  be  chosen. 

Where  the  velocity  at  the  outlet  end  of  the  flume  is  liable  to  be 
faster  than  the  critical,  the  hydraulic  jump  is  almost  unavoidable; 
that  is,  dn<dc.  Slight  changes  in  the  stage  of  che  tail  water  will 
change  the  position  of  the  jump,  up  and  down  the  canal,  but  the  flow 
in  the  flume  is  not  affected  until  the  jump  is  backed  up  into  the  flume. 
In  this  event,  the  freeboard  near  the  outlet  of  the  flume  will  sometimes 
be  insufficient  and  water  will  flow  over  the  sides.  If  the  jump  occurs 
out  in  the  canal,  a  study  covering  several  depths  of  flow  should  be 
made  to  determine  the  location  of  the  jump  for  various  values  of  Q 
in  order  to  determine  the  necessity  for  protecting  the  canal  just  below 
the  flume  from  excessive  velocity  and  consequent  erosion. 

DETERMINATION  OF  EFFECTIVE  SLOPE 

Formulas  (1)  to  (3),  above,  permit  solutions  for  uniform  flow  in 
long  reaches  of  open  flume.  The  slope  element  in  all  of  these  is 
generally  defined  as  the  slope  of  the  water  surface.  Actually,  it  is 
the  slope  of  the  energy  gradient,  a  fine  higher  than  the  water  surface 
and  always  faUing  in  the  direction  of  flow,  and  expressed  as 

S=X'  (14) 

where  hf  is  the  fall  in  the  energy  gradient  in  a  length  along  the  axis 
of  the  flume  equal  to  L  feet. 
In  terms  of  Bernoulli's  theorem 

ki^-di-\-h  =  k2-^d2-\-h2  +  hf  (15) 
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For  uniform  flow  di  =  d2  and  hi  =  h2  and  formula  (15)  becomes 

h-h  =  hf  (16) 

But  ki  —  fe  is  the  fall  in  the  bottom  of  the  flume,  and  since  di  =  d2  the 
fall  in  the  water  surface  is  equal  to  that  of  the  bottom.  Therefore, 
in  considering  uniform  flow,  the  fall  in  a  given  distance  is  the  same 
for  the  bottom,  for  the  surface,  and  for  the  energy  line.  In  the 
solution  of  formulas  for  the  retardation  factors,  as  listed  in  this  publi- 
cation, the  slope  has  always  been  taken  as  the  gradient  of  the  energy 
Une.     (See  column  16,  table  3.)     That  is, 

(Zi  +  g)-(z2  +  J)     {Z,  +  h,)-{Z2  +  h)     E,-E2    hf 
S= J = J =  ___  =  _     (17) 

All  local  variations  in  area,  and  hence  in  velocity  between  points  1  and 
2,  were  interpreted  as  without  loss  of  any  part  of  the  velocity  head 
changes,  as  the  taper  flow  is  interpreted  as  having  a  perfect  transition. 

BACKWATER  AND  DROP-DOWN  CURVES 

For  many  short  flumes,  and  at  the  lower  ends  of  many  long  flumes, 
the  backwater  and  drop-down  curves  can  be  anticipated  in  design 
with  a  definite  economy  of  construction.  Even  when  not  anticipated, 
either  one  of  these  surface  curves  is  quite  sure  to  develop.  The  true 
backwater  curve  is  characterized  by  a  slowing-up  of  velocities  with 
consequent  recovery  of  velocity  head.  Likewise,  the  slower  velocities 
require  and  make  less  freeboard.  The  partial  recovery  of  velocity 
head  in  the  flume  proper  makes  less  demand  for  recovery  on  the  outlet 
transition,  and  also  projects  the  flow  into  the  canal  with  less  erosive 
effect.  Where  the  outlet  of  a  flume  will  always  be  a  free  fall,  then 
the  flume  sides  can  be  lowered  as  the  drop-down  curve  makes  more 
freeboard  available. 

In  computing  backwater  curves,  it  is  advisable  to  use  a  formula 
that  does  not  assume  a  wide,  shallow  water  prism  with  the  formula 
developed  for  flow  per  unit  width.  In  flume  flow,  the  elements  for 
the  whole  water  prism  under  consideration,  not  for  a  narrow  strip, 
should  be  the  basis  for  computation.  Several  arrangements  of  for- 
mulas, based  on  the  complete  water  section,  with  final  results  in  terms 
of  a  length  of  channel,  L,  necessary  to  develop  a  given  difference  in 
water  depth,  d,  have  been  offered.  Two  of  these,  given  in  references 
(16)  and  (19),  are  based  on  the  assumption  of  complete  recovery  of 
any  velocity  head  released  in  the  true  backwater  curve,  and,  con- 
versely in  the  case  of  the  drop-down  curve,  in  the  utilization  for 
friction  of  all  fall  in  the  water  gradient  not  necessary  to  the  generation 
of  increasing  velocities. 

A  concrete  example  of  the  development  of  the  backwater  curve  is 
given  in  table  11.  The  cumulative  lengths  of  channel  (last  column) 
determine  successive  depths  of  water,  and  the  rate  of  loss  of  head,  S, 
incident  to  the  assumed  uniform  flow  between  successive  values  of 
H,  is  based  on  complete  conservation  of  energy;  i.e.,  complete  recovery 
of  velocity  head  from  station  to  station. 

By  formula  (15)  ka+da+ha^kb-\-di,+hb-\-hf;  but  ka—k^^sL,  and  hf^SL; 

from  which  sL  —  SL=  (db  4-  hi,)  —  (da  +  ha) ; 

and  since  db  +  hi,  =  Hb,  da  +  ha  =  Ha,  and  Hb  —  Ha  =  ^H, 
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.      AH 


s-S 


(18) 


where  subscripts  a  and  b  apply  to  the  upstream  and  downstream 
stations,  respectively. 

The  extent  of  true  backwater  is  not  limited  by  any  critical  condi- 
tion. The  stage  of  water  at  the  outlet  end  of  a  flume  may  be  any 
depth  above  the  normal  depth,  being  limited  only  by  the  extent  of 
available  freeboard.  The  drop-down  curve,  however,  has  limitations, 
as  is  shown  in  the  following  paragraphs: 

With  the  discharge  at  the  outlet  end  approaching  a  stage  lower  than 
that  of  normal  depth,  the  velocity  increases  as  the  sectional  areas 
become  smaller;  hence  the  energy  slope,  S,  required  for  a  velocity 
faster  than  normal  exceeds  the  bed  slope,  s,  which  is  equal  to  the 
energy  slope  necessary  for  maintaining  normal  velocity  only.  There- 
fore formula  18  is  revised  to  read: 

L=-l^^  (18a) 

For  both  curves,  if  AH  is  regarded  as  a  positive  change  in  the 
energy  content,  the  related  formulas  18  and  18a  can  be  used  to  develop 
the  backwater  or  drop-down  curves,  respectively,  beginning  at  the 
downstream  end  of  the  flume. 

At  the  outlet  end  of  a  flume  with  bed  slope,  s,  such  that  normal 
velocity  is  slower  than  critical  velocity,  the  minimum  depth  that  will 
develop  by  the  drop-down  curve  is  the  depth  for  critical  flow;  that  is, 
dm\n'  =  dc.     This  condition  is  clearly  shown  in  plate  10,  C. 

For  any  important  flume  structure,  it  is  suggested  that  the  drop- 
down curve  for  capacity  flow  be  developed  from  normal  depth  down 
to  a  possible  brink  at  critical  depth.  The  total  length  of  the  curve 
will  be  the  limit  for  a  short  flume  under  accelerating-flow  conditions. 
Any  excess  length  places  the  flume  as  a  long  structure. 

Likewise,  it  is  suggested  that  the  curve  for  any  possible  high  stage 
of  backwater  be  developed.  The  total  length  of  this  curve  gives  the 
limit  of  a  short  flume  for  decelerating  flow.  Any  excess  length  classifies 
the  flume  as  a  long  structure. 

Detailed  reasoning  for  this  method  of  developing  backwater  and 
drop-down  curves  with  numerous  examples  and  the  mathematical 
disclosure  of  the  critical-depth  limitations  of  the  drop-down  curve 
were  given  by  Husted  (16).  It  is  to  be  noted  that  this  method  does 
not  Umit  the  shape  of  flume  to  that  of  a  wide  rectangle  so  that  flow 
per  unit  width  can  be  assumed.  In  the  use  of  some  tables  of  back- 
water functions,  the  limitation  of  unit  flow  is  likely  to  be  overlooked. 
Such  tables  are  not  adapted  to  use  for  many  flume  shapes.  The 
method  outlined  above  is  not  limited  to  any  shape  of  section. 

CRITICAL  DEPTH 

In  a  given  flume  of  any  shape,  critical  flow  may  occur  in  several 
ways: 

(1)  For  a  given  flow,  Q,  there  is  but  one  critical  depth  and  one 
critical  velocity. 


4640«-33 2 
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(2)  For  anv  given  depth,  there  is  a  velocity  Vc  that  will  generate 
critical  flow  Qc.  In  the  foregoing  (1)  and  (2)  there  is,  of  course,  one 
point  in  common. 

(3)  For  any  given  elevation  of  the  energy  gradient  above  the 
bottom  of  the  flume,  representing  the  energy  content  or  total  head, 
H,  there  is  but  one  critical  depth,  dc,  one  critical  velocity,  Vc,  and  one 
critical  flow,  Qc',  and  this  flow  is  a  maximum  as  compared  with  that 
due  to  all  other  combinations  oi  d  +  h  =  H.  In  theory  critical  flow 
is  a  highly  desirable  condition,  the  surface  being  smooth  and  glassy, 
turbulence  at  a  minimum,  and  the  jet  quite  transparent  in  clear 
water.  In  practice  this  condition  is  assured  and  attained  at  critical 
brinks;  as  just  above  the  steep  intake  to  a  flume  chute,  just  above 
the  inlet  transition  where  there  is  an  excessive  drop  into  a  flume,  or 
just  above  the  outlet  of  a  flume  where  there  is  a  lower  tail-water  stage 
than  Z+hr.  In  practice  this  critical  condition  can  be  anticipated  in 
design  for  very  short  flume  sections,  either  raised  or  depressed,  with 
respect  to  the  canal  sections  at  the  ends.  However,  in  practice, 
long  flumes  should  not  be  designed  for  critical  flow  without  due 
regard  to  the  flat  apex  of  the  energy  curve  for  any  given  Q.  (See 
H,  d  curve  in  flg.  7.) 

The  energy  curve  and  the  momentum  curve,  near  critical  depth, 
indicate  that  the  same  quantity,  Q,  may  flow  at  a  rather  wide  range 
of  depth  with  but  little  change  in  the  total  head  d  +  h  =  H.  In  other 
words,  if  normal  depth  for  a  given  value  of  n  is  set  for  critical  depth, 
slight  divergence  of  the  actual  value  of  n  from  the  assumed  value  and 
slight  retarding  effects  of  curves  will  cause  the  surface  of  the  water 
to  assume  a  wide  range  of  depth,  both  above  and  below  the  critical, 
with  an  agitated  water  surface. 

The  determination  of  critical  depth  in  a  flume  problem  may  be 
made  with  various  elements  and  conditions  given: 

(1)  For  a  water  prism  of  any  shape,  given  the  area.  A,  and  the 
surface  width,  T,  then 

A 


from  which 


For  a  given  width,  T,  of  a  rectangular  channel  and  the  flow,  Q, 
the  critical  depth 


dc=tl\Tl  (21) 

For  a  mean  velocity  of  water,  V,  in  a  rectangular  channel  a  depth, 
dc,  will  make  V=  Vc,  and 

V^ 

For  a  given  total  energy  content  d  +  h  =  H  above  the  bottom  of  a 
rectangular  channel, 

dc  =  2IZH  (23) 

Similarly,  in  a  V-shaped  channel: 

dc  =  4:l5H  (24) 
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At  any  point  in  any  channel,  if  V<iVe  the  flow  is  at  streaming 
stage;  if  F>F<.  the  flow  is  at  shooting  stage. 

For  a  given  energy  content,  H^  the  flow,  Q,  is  a  maximum  when 
dc  +  hc  =  H  and  V^Vc 

By  continuity, 

Q=AV,=Aym  (25) 

In  a  rectangular  channel, 

Qm^^=SmTIP^'  (26) 

Conversely  H  is  &  minimum  when  flow  is  critical,  i.e., 

dc  +  hc  =  Hmin^  (27) 

THE  HYDRAULIC  JUMP 

For  a  given  value  of  total  head  or  energy  content,  H,  there  are  two^ 
combinations  of  d  +  h  =  H,  representing  two  stages  of  flow.  One  of 
these  is  at  ordinary  streaming  flow  and  the  other  at  high- velocity 
shooting  flow.  When  water  has  once  passed  critical  velocity  and 
entered  the  shooting  stage,  it  can  proceed  at  this  stage  if  the  slope  is 
sufficient  to  maintain  the  high  velocity  developed.  When,  however, 
as  often  happens,  this  condition  does  not  prevail  the  flow  tends  to 

Eass  through  a  rough,  almost  vertical  uplift  to  the  alternate  stage 
aving  the  same  energy  content.  This  action  is  called  the  ''hydrauUc 
jump."  Many  conditions  may  result  in  the  development  of  the  jump, 
out  where  it  occurs  in  the  flume  itself  (pis.  12,  C  and  15,  B),  the 
usual  reason  is  the  one  given.  The  jump  may  be  expected  also  at  the 
outlets  of  all  flumes  flowing  faster  than  the  critical,  such  as  chutes, 
except  where  a  full  overpour  occurs. 

However,  in  passipg  from  the  shooting  to  the  streaming  stage  the 
true  alternate  stage  is  not  reached,  since  there  is  always  more  of  less 
loss  of  head  in  the  jump.  Much  has  been  written  concerning  this 
loss  and  the  jump  has  been  extensively  used  to  dissipate  energy  from 
high-velocity  water.  On  the  other  hand,  it  has  not  been  generally 
appreciated  that  there  are  also  great  possibilities  in  recovery  of  veloc- 
ity head  through  the  jump.  A  shallow,  swiftly  flowing  water  prism 
loses  a  large  percentage  of  its  energy  in  passing  through  the  jump. 
On  the  other  hand,  a  deep  prism  will  lose  but  little  energy  and 
recover  a  large  percentage  of  Lh.  This  condition  holds  where  the 
energy  curve  and  the  momentum  curve  are  similar  in  shape.  (See 
fig.  7  for  Q  =  656.) 

The  amount  of  the  loss  can  not  be  determined  by  the  energy  curve, 
which  itself  is  based  on  the  law  of  conservation  of  energy,  which  does 
not  recognize  such  losses.  The  law  of  conservation  oi  momentum, 
however,  is  truly  applicable.     That  is: 

but  since  v  =  Oja 


9         '  (2«> 


•^+P  =  -^+P'  (29) 

where  a  and  F  apply  to  area  and  hydrostatic  pressure  before  the  jump 
(to  flow  at  shooting  stage)  and  a'  and  F'  apply  to  the  same  elements 
after  the  jump  (to  flow  at  streaming  stage).  This  equation  gives  the 
data  for  the  so-called  momentum  curves,  before  and  after  the  jump. 
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For  any  regular  prism  the  hydrostatic  pressure  in  the  cross  section 
in  cubic  units  of  water  is  given  by:  (25 a) 

P  =  jAdd  (30) 

Letting  P  represent  the  hydrostatic  pressure  in  the  cross  section  in 
cubic  units  of  water. 

For  flumes  of  rectangular  shape 

P=^  (31) 

For  flumes  of  triangular  shape 

P  =  icF  tan  ^^  (32) 

where  6  is  the  angle  of  the  flume  notch.  For  the  ordinary  triangular 
flume,  with  sides  at  right  angles  to  each  other  (0  =  90°)  tan  jid  becomes 
tan  45°  =  1.0;  hence 

For  triangular  shape  with  sides  at  90°, 

P  =  l(P  (33) 

For  circular  shapes  the  formula  becomes  very  complex.  Tables  for 
solution  are  found  in  reference  (31,  p.  48a). 

In  formula  (29)  if  the  two  sides  of  the  equation  are  platted  for  the 
two  stages  of  flow,  they  will  intersect  at  the  point  of  common  value, 
as  indicated  by  the  equation,  and  this  intersection  wiU  indicate  the 
longitudinal  location  of  the  jump  in  the  channel.  This  point  is  rather 
clearly  defined  in  a  transition  at  the  outlet  of  a  flume,  where  the  shape 
of  the  channel  is  changing  rapidly,  but  there  may  be  difficulty  in  locat- 
ing the  position  of  the  jump  in  a  flume  section  where  the  channel  is 
uniform  in  shape  and  the  cause  of  the  jump  may  be  nothing  more  than 
a  local  increase  in  the  value  of  n,  due  to  surface  conditions  or  to  excess 
retardation  by  excessive  curvature  or  some  other  cause  that  can  hardly 
be  evaluated.  Such  a  jump  occurred  in  our  example  flume  when  the 
structure  was  new  and  normal  flow  was  slightly  faster  than  the  critical, 
this  jump  being  caused  by  gradual  retardation  of  the  water  by  four 
reverse  curv'es  until  it  jumped  from  shooting  to  streaming  stage  and 
then  the  velocity  immediately  commenced  to  accelerate  down  a  tan- 
gent until  at  the  outlet  it  had  again  become  approximately  critical 
(see  pi.  6,  A). 

The  algebraic  expressions  for  the  height  of  jump  are  somewhat  com- 
plex for  sectional  shapes  commonly  used  in  flumes.  However,  the 
energy  curve  and  the  momentum  curve  can  be  quickly  developed  for 
any  shape  of  section  and  the  height  of  the  jump  can  be  determined 
graphically  (fig.  7)  and  its  longitudinal  location  in  the  channel  can  be 
determined  by  the  intersection  of  the  curves  as  described  above. 
Hinds  has  described  these  curves  and  this  method  in  great  detail  {13), 
and  his  suggestions  have  been  abstracted  by  King  {18). 

NECESSARY  FIELD  DATA  FOR  THE  COMPUTATION  OF  VARIOUS  ELE- 
MENTS ESSENTIAL  TO  THE  STUDY  OF  FLOW  CHARACTERISTICS 
IN  FLUMES  8 

As  previously  suggested,  long  flumes  and  short  flumes  required  dif- 
ferent treatment.  For  the  former,  reaches  from  1,000  to  4,000  feet 
long  were  selected  and  data  were  obtained  for  computation  of  retarda- 
tion elements;  influence  of  curvature;  change  of  interior  surface  and 

^In  another  bulletin  (:?4)  the  writer  gave  the  details  of  field  data,  equipment,  and  office  procedure. 
Except  where  changes  and  improvement  occurred,  these  details  are  not  repeated  here. 
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hence  in  friction  factors,  with  the  passage  of  time ;  similar  changes  during 
the  summer  season,  largely  due  to  algae  or  insect  larvae.  Sometimes 
loss  of  head  at  the  inlet  and/or  at  the  outlet  end  could  be  obtained 
for  long  flumes;  seldom  were  both  obtained  on  the  same  long  flume. 

For  short  flumes  it  was  customary  to  follow  the  water  from  the  canal 
above  tlirough  the  inlet  transition,  then  through  the  flume  and  outlet 
transition  into  the  canal  again.  Exceptions  occurred  where  definite 
breaks  in  the  energy  gradient  evidenced  by  the  hydraulic  jump  or  by  an 
overpour  drop,  spoiled  an  opportunity  to  record  inlet  or  outlet  losses. 

For  all  tests  for  friction  factors,  the  required  elements  were: 

(1)  The  quantity  of  water,  Q,  comprising  the  steady  flow  necessary 
for  sufficient  time  to  make  all  the  field  measurements  except  the  basic 
line  of  levels  which  can  be  run  either  before  or  after  the  hydraulic  test. 

(2)  A  profile  of  the  water  surface  throughout  the  length  considered. 

(3)  Measurements  from  which  water-prism  areas  and  perimeters 
can  be  computed  or  measured  from  large-scale  graphs  and  the  various 
values  of  the  corresponding  hydraulic  radii  computed. 

(4)  A  profile  of  the  bottom  may  be  taken  by  levels  or  it  may  be 
developed  from  the  measurements  under  item  (3)  above.  The  eleva- 
tions of  the  bottom  points  are  not  used  directly  in  the  computations 
for  retardation  factors. 

For  practically  all  observations  on  the  capacities  of  flumes,  the 
quantity  of  flow,  Q,  has  been  determined  with  a  current  meter.  In 
the  work  done  by  this  Bureau,  the  meter  station  was  usually  located 
at  the  lower  end  of  a  long  tangent  and  also  was  assumed  to  be  the  lower 
end  of  the  reach  tested.  The  standard  measurement  was  by  the  ver- 
tical integration  method  with  a  Hoff  meter  ^  (pi.  10,  A). 

Verticals  were  taken  at  short  intervals  across  the  width  of  the 
flume.  Soundings  for  depth  were  usually  made  with  a  slender  cur- 
rent meter  rod,  measuring  down  to  the  water  surface  from  the  top 
front  edge  of  a  cross  tie  and  then  down  to  the  bottom  from  the  same 
point.  The  difference  between  these  two  measurements  gave  the 
depth  of  water  without  influence  of  velocity  head  causing  the  water 
to  run  up  the  rod.  The  soundings  and  point  data  for  the  meter 
measurement  gave  the  cross  section  of  the  flume  at  the  meter  station, 
from  which  a  could  be  computed  and  p  for  curved-section  flumes 
measured  with  dividers  on  a  large-scale  plat  of  the  section.  For 
rectangular  sections  p  could  more  easily  be  computed. 

The  determination  of  water-surface  profile  offered  some  difficulties. 
A  glance  at  the  views  shown  in  the  illustrations  indicates  the  extent 
of  surface  roughness.  The  high  velocities  usually  inherent  in  flumes 
and  the  rapid  changes  in  velocities,  and  hence  in  surface  elevations  as 
water  leaves  a  canal,  is  accelerated  in  entering  a  flume,  flows  through 
it  and  is  then  decelerated  as  it  returns  to  the  canal,  are  conducive  to 
local  fluctuations  of  the  surface  throughout  a  range  often  nearly  1  foot 
in  elevation.  The  water  surface  in  a  long  flume  is  usually  smoother 
after  normal  flow  has  been  approximated,  but  still  is  very  rough  for 
precision  measurements  necessary  to  a  close  determination  of  the  slope. 

As  the  flume  usually  has  a  foot  walk,  crossties,  on  which  points  are 
spotted  and  from  which  measurements  down  to  the  water  surface  are 
taken,  are  available  at  any  selected  station,  the  points  being  tied 
later  into  the  scheme  of  levels. 

»  The  Hoff  current  meter  has  a  horizontal  shaft  with  a  propeller  presenting  a  uniform  face  to  the  oncoming 
water.  This  meter  is  not  affected  to  any  noticeable  extent  by  vertical  movement  in  still  water.  Therefore 
any  component  of  velocity  due  to  a  slow  vertical  movement  in  running  water  is  probably  negligible. 
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During  the  first  tests  a  point  gage  was  used.  Later  this  was  modi- 
fied into  a  hook  gage  with  adjustable  slide,  using  the  elbow  of  the 
hook  rather  than  the  point.  The  device  finally  adopted  is  shown  in 
plate  10,  A.  In  essentials  the  water  surface  is  allowed  to  seek  its 
own  average  level  by  entering  the  cylindrical  well  through  four  small 
piezometer  orifices  placed  in  pairs,  3  inches  and  9  inches  down  the 
tube,  thus  obviating  vacuum  troubles  as  the  flow  is  split  by  the 
rounded  point.  When  taking  an  observation  this  tube,  with  a 
rounded,  sealed  end,  is  held  pointing  directly  upstream  and  sub- 
merged for  a  few  tenths  of  a  foot.  Pressure  on  the  orifices  causes 
water  to  rise  in  the  well,  rapidly  at  first,  and  gradually  slowing  down 
as  pressures  are  equalized.  In  about  30  seconds  the  water  is  stilled 
in  the  well,  the  valve  V  is  closed,  and  the  gage  is  withdrawn  with 
water  trapped  in  the  well.  The  hook  gage  in  the  well  is  then  run  to 
the  water  surface  and  the  vernier  reading  recorded.  This  reading, 
taken  in  conjunction  with  the  constant  determined  by  the  position  of 
the  gage  on  the  meter  rod  and  the  elevation  of  the  spotted  point, 
gives  an  average  damped-down  elevation  of  the  water  surface  at  that 
section.  At  the  upper  and  lower  ends  of  a  reach  under  test  several 
of  these  readings  were  taken  and  the  average  was  assumed  to  be  the 
elevation  of  the  water  surface  at  that  end.  The  sum  of  the  velocity 
head  for  the  velocity  and  the  surface  elevation  at  any  given  section 
gives  a  corresponding  point  on  the  energy  line,  E.  The  fall  of  the 
energy  line,  determined  from  the  several  points  thus  obtained,  is  the 
slope  element  desired. 

The  depth  gage  can  be  operated  down  from  an  elevation  spot  or  up 
from  the  bottom  to  the  water  surface,  using  a  pointed  section  on  the 
cm-rent  meter  rod  upon  which  the  gage  is  threaded  through  attached 
rings.  When  measuring  up  from  the  bottom  in  trapezoidal  canal 
sections  above  and  below  the  flume,  a  level  rod  is  clamped  alongside 
the  gage  and  is  read  by  the  instrument  man  while  the  water  is  entering 
the  stflling  well  of  the  gage  (pis.  10,  A  and  6,  B), 

The  cross-section  measurements  were  made  in  various  ways,  by 
rod  and  level  for  elevations,  by  steel  tape  and  slender  graduated  metal 
rods  for  Hnear  dimensions.  Some  of  the  large  metal  flumes  were 
sectioned  on  the  outside,  by  hanging  a  plumb  bob  over  the  edge  and 
measuring  offsets  to  the  flume  shell  in  both  horizontal  and  vertical 
directions.  Two  plumbed  vertical  strings  and  a  horizontal  string 
formed  a  perfect  U  around  the  bottom  of  the  flume. 

In  addition  to  the  measurements  outlined  above,  the  notes  were 
completed  with  such  descriptive  matter  as  pertained  to  the  capacity 
of  the  flume,  comments  as  to  paint,  algae,  moss,  detritus,  curvature, 
flume  surface,  wind,  and  so  on. 

SCOPE  OF  EXPERIMENTS 

Tests  were  made  on  flumes  in  Arizona,  California,  Colorado,  Idaho, 
Nevada,  Montana,  Oregon,  Washington,  Wyoming,  and  Utah,  and 
Alberta,  Canada. 

The  range  of  materials  included  concrete — poured,  precast,  and 
gunite;  metal — ^iron,  steel,  and  alloys;  and  wood — plank  and  staves. 

Sizes  ranged  from  little  structures  but  1  foot  wide  to  Brooks  Aque- 
duct in  Canada  (no.  23  et  seq.),  20  feet  wide  and  9  leet  deep,  and 
Tiger  Creek  conduit  in  California,  some  20  miles  long,  14  feet  wide, 
and  6  feet  deep.     Alignment  ranged  from  straight  sections  more  than 
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a  mile  long  (no.  104)  to  reaches  on  Tiger  Creek  conduit  with  413°  of 
curvature  in  1,000  feet  of  flume  and  with  a  minimum  radius  of  but 
five  times  the  width  of  the  flume.  The  complete  length  of  short 
flumes  (from  50  feet  up)  was  used  in  the  tests.  From  very  long 
flumes  t^ical  reaches  oi  1,000  or  more  feet  were  selected. 

Velocities  ranged  from  streaming  flow  as  low  as  1 .08  feet  per  second 
through  critical  flow  condition  of  some  11  feet  per  second  up  to 
shooting  flow  nearing  30  feet  per  second. 

Interior  conditions  covered  surfaces  new  and  old,  clean  and  algae- 
coated,  painted  and  impainted,  smooth  and  rough. 

The  majority  of  the  tests  were  made  by  field  parties  headed  by  the 
writer,  or  other  engineers  in  this  Division  or  its  predecessors.  Many 
of  the  data  were  abstracted  from  the  files  of  the  United  States  Bureau 
of  Reclamation. 

A  few  tests  abstracted  from  engineering  literature  were  computed 
on  the  basis  of  uniform  flow,  without  sufl&cient  field  data  to  determine 
whether  or  not  the  areas  of  water  prism  at  the  ends  of  the  reach  were 
alike.  Uniform  flow  is  shown  in  table  3  to  be  approximated  only, 
even  in  long  reaches.  These  tests  are  given  a  lower  rating  in  column 
5,  table  2,  as  complete  measurements  would  usually  have  shown 
slightly  different  values  of  the  friction  factors.     (See  p.  25.) 

OFFICE  COMPUTATIONS  AND  EQUIPMENT 

In  solving  any  of  the  flow  formulas  for  open  channels  to  find  the 
value  of  the  retardation  factor  n,  or  its  equivalent,  it  is  necessary  to 
compute: 

(1)  The  mean  velocity  of  the  water,  V,  throughout  the  length  of 
reach  tested. 

(2)  The  slope  of  the  energy  gradient,  S,  throughout  the  reach. 

(3)  The  value  of  the  mean  hydraulic  radius,  R,  throughout  the 
reach. 

For  flows  that  do  not  involve  the  entrainment  of  air,  the  value  of 
F  was  determined  from  the  continuity  equation  F=  Q/A  where  Q  was 
computed  from  the  current  meter  notes  and  A  was  the  weighted  mean 
value  of  the  local  areas,  Oi,  aa,  «&,  a^  .  .  .  ©2.  For  tapered  flow  the 
mean  value  of  local  Vi,  etc.,  is  better  if  a  great  number  of  sections 
are  measured. 

The  slope  of  the  energy  gradient  is  taken  as  the  average  rate  of 
fall  from  the  elevation  of  a  point  on  the  E  line  at  the  upper  end  of  the 
reach,  Ei,  to  that  of  a  corresponding  point  at  the  lower  end  of  the 
reach,  E2.     Expressed  in  symbols, 

hf  =  (ki  +  di  +  hi)  -  (^2  +  c?2  +  W  =  (Zi-\-hi)  -  (Zj+W  =  Ei  -  E2 
(15)  (p.  15) 

The  mean  rate  of  loss,  S=^  (See  table  2,  column  15.)     (14)^°     (p.l5) 

'«  Most  works  on  hydraulics  refer  to  the  slope  of  the  water  surface  as  the  element  that  Induces  flow  in  the 
direction  of  slope.  This  is  true  only  where  tne  flow  Is  uniform  and  the  kinetic  energy,  evidenced  by  the 
velocity  head,  is  the  same  nt  the  two  ends  of  the  reach.  Of  the  hundreds  of  tests  that  have  been  made  by 
the  writer,  on  open  channel  flow,  he  does  not  recall  one  case  where  uniform  flow  existed  throughout  the 
reach.  There  appears  to  be  a  tapered  flow  in  every  case.  As  a  rule  this  is  not  of  great  moment  and  quite 
often  is  ncKligible  for  experiments  in  ordinary  earth  channels  in  which  velocities  in  excess  of  3  feet  per 
second  are  rare.  When  the  computations  for  flumes  were  started,  however,  it  immediately  became  evident 
that  the  changes  in  areas  at  the  ends  of  the  reach  were  sufficient  to  cause  material  net  changes  in  the  high 
velocities  encountered,  and  consequently  in  velocity  heads.  In  using  Bernoulli's  theorem  ki+di+hi^ 
ki+di+hi+h f,  hyilraulic  engineers  generally  have  assumed  that  hi  and  h  were  equal  and  therefore  could 
be  omitted  from  consideration.  Many  of  the  tests  secured  from  other  agencies  and  listed  in  tables  2  and  3 
were  originally  computed  for  the  slope  of  the  water  surface  and,  wherever  possible  have  been  corrected  by 
adding  the  velocity  heads  to  the  water  surface  at  the  ends  of  the  reach,  thus  developing  the  energy  line, 
the  fall  of  which  determines  the  friction  loss. 
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It  is  fully  appreciated  that  this  method  assumes  complete  recovery 
of  any  velocity  head  released  by  the  fact  that  areas  toward  the  lower 
end  were  larger  and  the  velocities  less  than  at  the  upper  end.  This 
assumption  does  not  appear  erroneous  as  the  taper  of  flow  is  usually 
quite  gentle  and  forms  a  long,  slim  wedge  in  a  channel  of  the  same 
shape  throughout,  the  ideal  transition.  Likewise  it  is  assumed  that 
all  excess  fall  over  that  necessary  to  overcome  friction  has  been  con- 
verted into  additional  velocity,  in  cases  where  the  area  is  less  at  the 
lower  end  of  the  reach  and  hence  the  velocity  is  greater. 

The  value  of  the  mean  hydrauUc  radius,  R,  is  taken  as  the  weighted 
mean  value  of  ri,  Va,  r^,  Vc,  .  .  .  r2-  Each  particular  value  of  r  is 
obtained  by  dividing  the  corresponding  local  area,  a,  by  the  wetted 
perimeter  p.  Except  for  uniform  flow,  this  does  not  yield  the  same 
value  as  dividing  the  mean  area.  A,  by  the  mean  perimeter,  P. 

With  Vy  S,  and  R,  computed  from  field  measurements,  the  value 
of  Kutter's  n  was  estimated  from  a  diagram  devised  by  the  writer 
for  the  solution  of  the  Kutter  formula  (fig.  3).  It  was  then  com- 
puted on  an  electric  calculating  machine  and  excess  numerals  dis- 
carded. The  machine  computations  were  repeated  if  they  did  not 
closely  approximate  the  value  of  n  as  taken  from  the  diagram. 

The  weight  to  be  attached  to  any  given  test  is  largely  proportional 
to  the  length  of  reach  available  for  experiment.  Short  flumes  and 
short  reaches  in  long  flumes  yield  final  results  that  are  not  in  con- 
formity with  those  secured  for  similar  conditions  in  long  reaches. 
Inordinately  low  or  high  values  of  n  may  be  found  in  short  reaches. 

Chute  flumes  (p.  89)  are  listed  at  the  ends  of  the  tables  and  were 
computed  three  ways  so  far  as  the  field  data  warranted:  (1)  By  using 
the  velocity  and  the  water-plus-air  section  as  actually  measured. 
This  is  the  condition  holding  in  the  field.  Where  the  velocity  was 
not  measured  directly — usually  by  color — computations  could  not  be 
made  this  way.  (2)  By  using  the  measured  section  and  a  velocity  as 
computed  by  assuming  the  V=Q/A  which  does  not  represent  true 
conditions  for  chute  flumes.  (3)  By  using  the  velocity  as  measured 
directly  and  computing  a  water  section  as  though  it  included  no  air. 
Cone  and  associates  (7)  computed  their  results  only  in  the  second 
way;  Steward  ^^  in  the  second  and  third  ways.  The  quantity  of 
flow,  Q,  was  always  measured  either  before  or  after  travel  down  the 
chute. 

Computations  for  the  various  problems  were  made  with  20-inch 
slide  rule. 

ELEMENTS  OF  EXPERIMENTS  FOR  DETERMINATION  OF  COEFFICI- 
ENT OF  FLOW  IN  CHEZY'S  FORMULA  AND  RETARDATION  FACTORS 
IN  KUTTER'S  AND  MANNING'S  FORMULAS 

Tables  2  and  3  give  the  elements  of  all  known  acceptable  observa- 
tions on  flumes  of  concrete,  metal,  or  wood,  arranged  alphabetically 
in  that  order.  The  various  series  are  generally  placed  in  ascending 
order  of  values  of  Kutter's  n.  Need  for  close  association  or  various 
tests  on  the  same  reach  or  same  structure  has  sometimes  suggested 
some  other  order  as  preferable.  Table  3  is  supplementary  to  and  in 
the  same  order  as  table  2,  items  being  identified  by  reference  numbers 
in  column  1. 

11  Steward,  W.  G.  the  determination  of  n  in  kutter's  formula  for  various  canals,  plumes, 
AND  chutes  on  THE  BOISE  PROJECT  AND  VICINITY.  U.S.  Department  of  the  Interior,  Reclamation  Service. 
Report  Boise  Conference  of  Operating  Engineers  for  Irrigation  Canal  Systems,  located  in  Idaho,  Oregon, 
and  Washington.    1913.    [Multigraphed.] 


THE   FLOW  OF  WATER   IN   FLUMES  25 

EXPLANATORY  NOTES  ON  TABLE  2 

Items  in  table  2  are  listed  according  to  types  (p.  8)  as  follows: 

Long  flumes,  then  short  flumes,  usually  at  streaming  velocities. 

Flume  chutes  at  shooting  velocities  are  not  numerous  enough  to  separate  by 
materials  of  construction.  However,  those  that  might  class  as  long  chutes  are 
given  first  and  in  the  order  concrete,  metal,  and  wood.  Flows  in  chutes  are  com- 
puted in  three  ways  and  so  listed:  (1)  By  using  the  measured  area  of  the  wet  prism 
(water  plus  air)  and  the  corresponding  perimeter  and  resulting  hydraulic  radius, 
but  using  a  velocity,  V,  as  measured  directly  by  color  or  otherwise.  This  velocity 
is  always  higher  than  as  computed  below  since  there  is  always  more  or  less 
entrainment  of  air.  (2)  By  using  measured  sections  but  assuming  that  velocity, 
V^Q/A.  (3)  By  using  the  measured  velocity  with  computed  sectional  elements 
for  a  net  water  prism,  excluding  the  swell  due  to  entrained  air. 

Column  1  gives  reference  numbers  to  identify  items  in  table  3  and  in  the  text 
matter.  The  letter  "a"  following  the  number  shows  the  data  were  obtained 
from  some  source  other  than  the  work  of  this  Bureau.  Column  2  gives  the  initials 
of  experimenter  and  his  series  number,  where  identified  in  original  sources. 

Column  5  gives  tests  that  were  accepted,  ratings  A,  B,  or  C.  Where  the  con- 
ditions and  equipment  warranted  field  measurements  that  could  be  considered 
of  the  best,  the  work  was  given  an  A  rating.  Usually  a  B  rating  was  for  interme- 
diate conditions  or  field  measurements  that  did  not  yield  data  for  the  slope  of  the 
energy  gradient.  A  rating  of  C  was  assigned  where  the  data  were  just  acceptable, 
especially  for  a  short  reach  where  the  difference  between  surface  slope  and  energy 
slope  might  be  very  appreciable  and  yield  entirely  different  values  of  n,  if  compu- 
tations were  based  on  the  former  alone.  In  flume  tests,  the  high  velocities  and 
rough-water  surface  make  a  close  determination  of  the  slope  factor  impossible 
without  relatively  precision  equipment.  A  long  reach  and  many  surface  measure- 
ments mitigate  this  difficulty,  but  on  short  flumes  absurd  values  of  Kutter's  n 
are  sometimes  found. 

Column  7  gives  the  shape  of  the  flume.  The  principal  joints  of  distinctive 
type  are  shown  in  figure  1.  The  shapes  of  sheet-metal  flumes  nearly  always 
approximate  that  of  the  hydrostatic  catenary.  Exceptions  occur  for  corrugated 
flumes.     These  are  stiff  enough  so  there  is  little  sag  in  the  center. 

Column  8  shows  the  width  of  rectangular  shapes  and  diameter  of  circular  or 
shapes  that  approximate  the  circular.  Columns  14  and  15  are  developed  in 
detail  as  columns  15  and  16  of  table  3. 

The  other  columns  are  believed  to  be  self-explanatory  when  considered  in  con- 
nection with  the  notation  and  nomenclature  beginning  on  page  5. 

Further  information  regarding  many  of  the  flumes  listed  is  contained  in  litera- 
ture citations  on  pages  94  to  98. 

EXPLANATORY  NOTES  ON  TABLE  3 

Column  1  corresponds  with  the  same  item  in  table  2.  Column  2  shows  the 
flow  quantity,  Q',  used  in  design.  When  compared  with  column  3  this  gives  an 
idea  of  the  relative  "fullness"  of  the  flume.  Column  3  gives  the  flow  measured 
at  the  time  of  the  test  observations.  Columns  4  to  8,  inclusive,  and  10  to  14, 
inclusive,  give  the  elements  in  order  of  development  that  finally  result  in  the  loca- 
tion of  the  energy  gradient  at  the  upper  and  lower  ends  of  the  reach  respectively. 
It  is  to  be  noted  that  the  corresponding  elements  are  seldom  even  closely  alike. 
The  difference  on  columns  6  and  12  indicate  the  velocity-head  change  that  must 
be  applied  to  the  slope  of  the  water  surface  before  correct  values  of  the  effective 
slope  can  be  obtained.  Column  16  is  the  resulting  development  of  table  3  and  is 
the  slope  element  for  final  computations  as  listed  in  column  15  of  table  2.  Col- 
umn 17,  where  known,  shows  the  degree  of  conformity  between  the  designed,  con- 
structed slope  of  the  flume  bed  and  the  actual  energy  slope  that  existed  at  time 
of  test.     Note  that  one  may  be  2  or  3  times  as  great  as  the  other. 

Where  items  are  lacking  in  columns  showing  the  elements  at  the  two  ends  of 
the  reach,  then  these  items  could  not  be  developed  from  the  data  available  in 
these  studies  or  had  not  been  taken  in  the  field.  This  condition  indicates  that 
the  surface  slope,  or  in  some  cases  the  bed  slope  was  used  in  computations. 
These  tests  were  always  given  a  lower  rating  than  would  have  been  the  case  if 
the  effect  in  change  of  velocity  could  have  been  developed. 
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DEDUCTIONS  FROM  CAPACITY  TESTS 

The  primary  purpose  of  the  experiments  was  to  secure  the  values 
of  friction  factors  for  a  wide  range  of  conditions  in  flume  flow.  Re- 
sults of  this  part  of  the  study  are  given  in  the  values  of  Kutter's  n 
recommended  for  various  conditions.     (See  p.  51.) 

The  lack  of  uniform  flow,  even  under  conditions  that  appeared  to 
warrant  it  quite  fully,  indicated  that  complete  measurements,  includ- 
ing the  areas  at  the  ends  of  the  reach  under  consideration,  must  be 
obtained  in  order  to  compute  the  proper  effective  slope — that  of  the 
energy  gradient. 

The  friction  factors  are  higher  than  were  anticipated.  Effects  of 
algae  and  insect  growth  were  the  rule  rather  than  the  exception, 
especially  near  the  upper  ends  of  long  flumes.  They  were  much 
greater  than  any  effects  of  age.  The  bottoms  of  concrete  flumes  were 
almost  invariably  much  rougher  than  the  sides.  This  is  partly  due 
to  methods  of  construction  and  partly  to  erosion  by  detritus.  Metal 
flumes  have  been  improved  greatly  in  ability  to  maintain  capacity. 
The  older  metal  flumes  were  usually  out  of  line  at  every  sheet  joint. 
The  joints  used  at  present  do  not  have  this  defect.  On  the  other 
hand,  paint  was  seldom  used  on  the  early  metal  flumes  and  is  standard 
practice  now.  The  unpainted  sheet  was  smoother  than  the  painted 
one,  as  a  rule.  Paint  and  enamel  coats  should  be  free  from  long  ridges, 
due  to  flowing  of  excess  paint.  The  mosaic  effect  called  '^alligator- 
ing'^  is  more  noticeable  for  some  paints  than  others.  (See  pi.  2,  B.) 
Likewise,  the  early  flumes  were  often  deficient  in  number  of  carrying 
rods.  This  resulted  in  scalloping  of  the  sheets,  causing  a  noticeable 
retarding  effect.  At  present  sufficient  rods  are  used  and  the  flume 
sheets  present  a  smooth  alinement. 

Wood-plank  flumes  show  greater  changes  by  age  alone  than  metal 
or  concrete  flumes.  Battens  should  be  avoided  as  they  collect  silt 
and  moss  deposits  that  have  great  retarding  effect.  Either  plank  or 
stave  flumes  are  subject  to  raveling  of  the  bottom  by  rough  abrasives. 
Such  erosive  action  smooths  a  metal  flume,  but  wears  it  out. 

FLOW  CLASSIFICATION  IN  FLUMES 

Before  using  the  formulas  necessary  to  the  computations  of  flume 
flow,  it  is  advisable  to  study  the  conditions  under  which  a  flume  is 
merely  an  open  channel  at  high  velocity  and  the  conditions  that 
develop  the  more  usual  nonuniform  flow  in  a  uniform  channel. 

DESIGNED  FLOW  AND  ATTAINED  FLOW 

Both  long  and  short  flumes  are  usually  designed  for  the  idealized 
condition  of  uniform  flow  at  normal  depth,  c?„,  throughout  their 
lengths,  using  Kutter's  or  other  flow  formula  to  develop  the  dimen- 
sions of  the  elements  within  the  flume.  The  ''paper"  water  prism  is 
then  set  in  the  scheme  of  levels  with  due  provision  for  a  drop  in  the 
water  surface  at  the  inlet  sufficient  to  increase  the  velocity  from  canal 
to  flume  and  with  a  corresponding  provision  at  the  outlet  for  a  reason- 
able recovery  of  velocity  head  as  the  velocity  is  decreased  from  flume 
to  canal.  Such  imiform  flow  and  velocity-head  changes  in  water 
surface  are  indicated  in  figure  2,  A.  Sometimes  construction  cost 
can  be  reduced  by  designing  for  a  drop-down  curve  as  hereinafter 
described. 
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TYPICAL    INTERIORS:   CONCRETE. 

A,  Sulphur  Creek  wasteway,  Vakinia  project,  Washington,  nos.  424  to  4H(),  inchisive,  cast  in  wood  forms; 
hackfUled.  B,  Main  canal,  Kinp  Hill  project,  Idaho,  no.  14,  precjist  sU\c  unit.s,  joined  at  pilasters,  with 
forms  still  in  place.  C,  Hiph-lino  canal,  Lindsay-Strathniore  Irripition  District,  Calif.,  no.  U\,  punite 
concrete  shot  from  the  outside  a^'ainst  snuK)th  board  side  forms.  Rough  bottom,  typical  of  gunite  shot 
directly  and  not  given  smoothing  treatment. 
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Typical  Interiors:  metal. 

A,  Johi  flume,  India,  a  short  structure  with  flush  interior  (L  type,  see  fig.  1  H,  d) .  Note  padded  transition 
between  rectangular  inlet  and  metal  flume.  B,  Tule-Baxter  Irrigation  District,  Calif.,  looking  upstream 
into  inlet.  Like  no.  112.  Note  projecting  bands  characteristic  of  G  type  of  metal  flume  and  "alligator- 
ing"  typical  of  some  paints.  (See  fig.  1  U,  b.)  C,  E.  C.  Hauser  flume,  near  Sacramento,  Calif.,  no.  155. 
A  small  flume  of  longitudinal  sheets  and  with  flush  interior  of  L  type.    (See  fig.  1  H,  d.) 
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Typical  Interiors:  Wood. 

A,  Old  type  plank  flume  with  battened  horizontal  joints.  (In  some  flumes,  vertical  cracks  also  are  bat- 
tened.) Xote  waves  3  to  4  feet  hi>;h  in  this  by-pass  flume  for  construction  of  dam.  lliRh  velocities  and 
sharp  anpular  bends  develoi)ed  rounh  water.    B,  Olmsted  flume,  near  Provo,  Utah,  no.  232.    Modern 

Elanked  structure  with  splined  joints.  (See  fig.  1.)  The  fillet  in  lower  corner  is  formed  by  bevelinR 
eavy  squared  timber,  prooved  to  take  side  and  bottom  planks;  the  whole  side  structure  is  snupged 
topether  with  lonp  bolts  from  sill  to  cap.  C,  Central  Orepon  Canal  flume,  near  Hend,  Orep.,  no.  301-305. 
Of  continuous  construction,  creosoted  Douplas  fir  staves,  12  feel  in  diameter.  Mid-diameter  is  1.2  feet 
below  bottom  of  caps,  and  computations  are  based  on  full  half-circle.  Freeboard  projects  inward,  making 
good  wave  deflector.    (This  flume  used  for  examples  and  characteristic  curves,  pp.  65-89.) 
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Typical  Inlets. 

A,  "Square"  inlet,  Mora  flume,  near  Caldwell,  Idaho,  no.  176.  B,  Flared-wing  inlet,  Cottonwood  Creek 
flume,  California,  no.  7L  Note  warp  of  transition  from  canal  side  slopes  to  vertical  at  flume  entrance. 
C,  Warped  inlet,  McEachren  flume.  King  Hill  project,  Idaho,  no.  322.  Even  carefully  designed  inlets 
may  develop  rough  water  for  discharge  well  below  design  Q. 
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Typical  Cylinder-Quadrant-Wall  inlets. 

A,  E.  C.  Ilau.ser  flume,  near  Sacramento,  Calif.,  no.  15.').  Inlet  from  larpe  earth  ditch  into  small  metal 
flume.  (See  pi.  2,  C.)  B,  Standard  inlet  structure  of  West  Side  Stanislaus  Irripation  District,  Calif. 
Like  no.  127.  Note  tanpent  distance  hwtween  cylinder  wall  and  metal  flume  for  development  of  surface 
drop  at  full  capacity.  C,  A  short  rectanpular  concrete  flume  on  Borel  Canal,  Calif.  Note  the  perfect 
tanpent  ial  line  of  contact  between  wing  and  flume  body.  Water -stage  recorder  kept  in  small  bouse 
at  right. 
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Typical  Outlets. 

A,  Main  flume,  Central  Oregon  Canal,  near  Bend,  no.  301;  warped  flare.  B,  Standard  outlet  on  West 
Side  Stanislaus  Irrigation  District,  Calif.  C,  Quadrant-wall  outlet  is  not  recommended.  While  very 
successful  as  an  inlet,  this  form  of  outlet  is  not  much  improvement  over  the  45°  wing  wall. 
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TYPICAL   ALINEMENT.    LONG    FLUMES. 

.\,  Orchard  Mesa  flume.  Grand  .Tunction.  Colo.,  no.  18.  Inset  shows  detail  at  far  end.  Note  rounded 
bends  rather  than  curves.  B,  Tieton  flume,  Yakima  project,  Washinjiton,  no.  10.  As  orifiinally  con- 
structed this  structure  was  called  a  "lininji."  After  reconstruction,  if  not  f>efore,  this  is  a  bench  flume. 
C,  Bowman-SpauldinR  Conduit,  Nevada  Irrigation  District,  Calif.,  nos.  105-109;  a  metal  flume  on  trestles 
in  rugged  glaciated  canyon  with  steep  bard-rock  sides. 
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Maximum  Capacity. 

A,  Erskine  Creek  flume,  Borel  Canal,  Calif.,  no.  167.  Cylinder-quadrant  inlet  and  good  adjustment  of 
relative  levels  permit  operation  with  a  freeboard  throughout  flume  of  but  5  inches.  B,  Inlet  end,  Brooks 
Aqueduct,  Canadian  Pacific  Railway  irrigation  project.  Alberta,  Canada,  nos.  23  to  38,  inclusive.  Two- 
foot  freeboard  at  outlet.  C,  Agua  Fria  flume,  near  Phoeni.x,  Ariz.,  no.  104.  Drop-down  curve  develops 
2.46-foot  freeboard  at  outlet.  Views  B  and  C  show  that  capacity  of  long  flumes  cannot  be  increased  by 
lowering  the  stage  at  the  outlet.    For  first  3,000  feet  freeboard  was  quite  constant  at  1  foot. 
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TYPICAL   SHARP   CURVATURE. 

A.  Tahoe  flume,  Drum  Canal,  Calif.,  no.  72.  Note  curves  are  made  with  straipht  forms.  B,  Tieton 
flume,  Yakima  project.  WashinRton,  no.  10.  (Fir.  1  C.)  Looking  in  direction  of  flow  around  sharp 
curve.  Like  C  below,  water  rises  on  outside  of  curve.  I'pward  current  near  surface  at  outside  of  curves 
is  contrary  to  ideas  in  many  technical  articles.  C.  Cross-over  flume,  California,  no.  15.  Note  smooth 
fountain  head  rising  on  outside  of  curve  and  rolling  toward  center. 
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A,  Precision  gages,  used  to  determine  exact  average  distance  of  water  surface  down  from  known  elevation 
(P)  or  up  from  any  point  on  the  bottom.  Hoflf  current  meter  used  to  determine  Q.  B,  Sinuous  aline- 
ment  on  Tiger  Creek  Conduit,  Calif.  View  shows  430°  of  curvature  in  a  length  of  some  780  feet.  Ex- 
cessive curvature  feasible  when  necessary.  All  curves  shown  except  first  one  are  of  75-foot  radius,  the 
minimum  used  for  the  conduit.  C,  Flow  over  a  brink  at  critical  depth.  Picacho  flume,  Rio  Grande 
proJ3Ct,  N.Mex.    Drop-down  curve  begins  far  upstream  at  normal  depth. 
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TYPICAL  CHUTE    FLUMES. 

A,  Water  flowinp  into  Lahontan  Reservoir,  Nevada,  comes  down  a  steep  incline  behind  camera  and  shoots 
over  up-turned  end  of  the  chute.  B,  Same  as  A,  above,  with  lesser  flow  showinR  jump  which  occurs  for 
all  flows  less  than  about  90  second-feet.  C,  Water  feeding  Lake  Newell  on  Canadian  Pacific  Railway 
project  in  Alberta,  Canada.  Flnerpy  dissipated  in  jump.  I),  A  chute  from  hifrh-lovel  to  low-level  canal 
in  Java.    Entering  the  pool  at  the  bottom,  much  of  the  energy  will  be  dissipated  in  the  resulting  jump. 
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Typical  Flume  Flows. 

A,  Approximately  uniform  flow  in  a  long  flume.  No.  15.  Making  current-meter  measurement  in  a  rec- 
tangular flume  of  troweled  gunite.  B,  Flow  in  Dalroy  chute,  Alberta,  Canada,  no.  443.  Concrete  taper 
section  used  at  inlet,  while  flow  is  accelerated  to  normal.  Metal  flume  with  projecting  compression 
bands  causes  excessively  turbulent  flow.  C,  Complex  flow  in  a  riveted  sheet-metal  flume.  Excess 
drop  for  the  amount  of  flow  caused  critical  flow  over  inlet  brink.  The  velocity  is  then  faster  than  critical 
for  many  feet  of  flume.    Mild  slope  insufficient  to  maintain  shooting  stage  so  jump  results. 
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A,  Central  Oregon  Irrigation  District  main  canal,  near  Bend,  Oreg.,  nos.  301  to  305,  inclusive.  A  true 
semicircular  flume  12  feet  in  diameter.  Test  reach  began  at  lower  end  of  tangent  in  foreground  and 
ended  at  outlet  l)eyond  last  curve  in  distance.  B,  Tiner  Creek  Conduit  on  Mokolumne  River,  Calif., 
Pacific  Qas  &  Klectric  Co.  ln.set  shows  How  of  537  .second-feet.  No.  39.  Carriage  hanging  on  wall 
used  as  traveling'  platform  so  engineer  can  .secure  precision  measurements  down  to  water  surface  from 
elevation  spots  on  inside  edges  of  flume. 
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A,  A  "square"  outlet,  Le  Grande  flume,  Merced  Irrigation  District,  Calif.,  no.  168.  Note  backlash  eddy- 
typical  of  all  outlets  except  long  tapers.  B,  Depressed  outlet,  with  angled  wings.  Note  dark,  smooth 
characteristics  of  critical  flow  near  brink  in  foreground.  C,  Outlet  and  inlet  of  a  short,  raised  flume 
in  San  Luis  Valley,  Colo.  Canal  crosses  wide  drainage  channel,  shown  running  full  head  of  water. 
Abrupt  entry  causes  sudden  generation  of  velocity  in  flume,  with  consequent  cavitation  shown  by  the 
contraction  of  the  jet  at  sides  of  channel  in  lower  view. 
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A,  Typical  water  .surface  condition  in  'IMper  Creek  flume.  Note  .snuM)th  ri.sinK  .surincc  on  oui.^Kie  and 
choppy  surface  on  in.side  of  curvo.s.  H,  Kxccss  fall  at  the  inlet  end  of  a  lon^  flume  of  mild  sloi)e  will  not 
insure  a  shooting  flow  the  full  length  of  a  flume.  C,  The  simple  tai)ere(i  inlet  meets  the  flume  at  anples 
that  develop  "wwitation"  and  surface  plunges  that  reduce  the  ultimate  maximum  capacity.  Note 
typical  accretions  of  silt  coating  which  cracks  and  wrinkles  when  dry  and  still  remains  rough  when  wet 
again. 
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A,  Happy  Canyon  flume,  Uncompahgre  project,  U.S.B.R.,  Colorado,  iios.  145-150.  Note  tongue  to 
divide  water  equally  between  two  barrels  of  twin  flume.  B,  No.  2  flume,  lateral  2,  Columbia  Irrigation 
District,  Washington.  Creosoted  stave  flume  (no.  320),  then  a  reinforced  concrete  inverted  siphon 
under  railroad  tracks,  then  a  wood  plank  flume  (no.  252). 
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Conditions  attained  in  the  field  are  generally  quite  different  from 
those  assumed  in  design.  This  fact  causes  uniform  flow  to  be  approxi- 
mated only  in  long,  straight  flumes.  In  short  flumes  even  an  approxi- 
mation to  uniform  flow  takes  place  only  as  a  coincidence.  The  field 
tests  listed  in  tables  2  and  3  certainly  express  a  cross  section  of  field 
practice  over  a  wide  scope,  yet  uniform  flow  was  seldom  indicated  by 
precise  measurements.  Table  3  shows  the  extent  of  divergence  in 
the  net  tapered  flow  found  by  comparing  the  elements  at  the  upper 
and  lower  ends  of  the  reach  under  consideration.  T'his  divergence  in 
flow  is  so  general  and  so  marked  that  it  is  given  space  in  order  to 
bring  out  the  energy-slope  factor  finally  used  in  the  computations  of 
the  friction  factors.  Obviously,  use  of  the  slope  of  the  channel  bed, 
or  of  the  water  surface,  would  have  yielded  an  incorrect  result. 
Usually,  the  conditions  that  develop  the  tapering  flow  have  been 
known  in  the  rough  but  have  not  been  evaluated  so  as  to  be  given 
detailed  consideration  in  design.  In  general  these  conditions  may 
be  listed  as  follows: 

(1)  Lack  of  conformity  between  design  value  of  n  and  attained 
value,  especially  if  the  influence  is  not  evenly  distributed  along  the 
flume  surface.  Algse,  insect  life,  curvature,  lime  accretion,  sand, 
and  gravel  are  among  the  items  that  may  give  values  of  n  quite 
different  from  that  assumed. 

(2)  If  designed  flow  is  close  to  critical  flow,  slight  lack  of  conformity 
in  the  values  of  n  may  throw  the  flow  to  the  alternate  depth  stage. 
If  conditions  now  vary  in  the  flume,  the  stage  may  pass  back  and 
forth  between  the  two  stages  of  flow,  either  with  or  without  the  jump. 

(3)  A  water  stage  in  the  canal  below  an^  flume  flowing  at  streaming 
velocity,  different  from  that  assumed,  will  cause  a  drop-down  curve 
or  a  backwater  curve.  In  a  long  flume  this  will  gradually  taper  back 
upstream  until  uniform  flow  is  again  approximated.  In  a  short  flume 
such  influence  will  extend  throughout  the  length. 

With  this  conception  of  a  lack  in  conformity  between  design  and 
attainment,  the  main  classes  of  flow  that  can  be  developed  under 
given  conditions  can  be  listed.  The  formulas  and  examples  given 
later  furnish  methods  of  bringing  these  conditions  into  a  given 
problem  and  evaluating  them  in  design  so  that  the  difference  between 
design  and  attained  figures  may  not  be  of  moment. 

FLUME    TYPE    A-C 

A  long  flume  with  normal  velocity  below  the  critical   (p.   48). 

Flow  class  A-1.  Normal  depth  greater  than  critical  (dn^dc);  flume 
long  enough  to  develop  approximately  normal  flow.  The  ordinary 
solution  of  flow  formulas  for  any  given  three  of  the  four  elements, 
S,  V,  R,  and  n,  gives  the  fourth  element  for  normal  flow.  For  a  long 
structure,  more  or  less  sinuous,  the  flow  approximates  the  values  of  the 
elements  as  assumed,  varying  slightly  both  above  and  below  the 
design  figures  even  though  they  were  correctly  chosen  for  the  uniform 
flow  assumed.  Curvature,  incidental  gate  and  waste  structures, 
inverted-siphon  canyon  crossings,  etc.,  tend  to  induce  minor  modi- 
fications from  the  true  normal. 

Taper-flow  reaches  become  dominant  in  short  flumes.  These  will 
be  discussed  later.  The  conditions  involved  are  also  applicable  to  the 
extreme  ends  of  long  flumes. 

4640»— 33 4 
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FLUME    TYPE    B-C 


A  short  flume  with  nonuniform  flow  and  normal  velocity  below  the 
critical  (dn^dc). 

While  a  short  flume  is  usually  designed  as  to  the  water  prism  in  the 
flume  proper  in  the  same  way  as  for  a  long  flume,  with  uniform 
flow,  this  requires  complete  conformity  of  so  many  elements  that  it  is 
attained  only  as  a  coincidence. 

Flow  class  B-1.  Normal  velocity  slower  than  critical  and  actual 
velocity  slower  than  normal;  {dn>dc  but  dydn). 

The  depth  will  be  greater  than  normal  when  the  tail-water  stage  is 
checked  up  by  a  foul  canal  or  a  throttled  structure  until  it  is  higher 
than  k  +  dn  +  hr^t  the  flume  outlet.  This  will  raise  the  surface  through- 
out the  flume  up  to  the  inlet.  It  will  take  the  form  of  the  backwater 
curve  and  the  solution  can  be  approximated  as  in  example  shown  on 
page  77. 

Flow  class  B-2.  Normal  velocity  slower  than  critical,  but  actual 
velocity  between  normal  and  critical;  that  is,  d^ydc  but  d  is  between 
dn  and  dc. 

The  depth  will  be  less  than  normal  when  the  tail-water  stage  is 
below  k^-dn  +  hr.  This  will  speed  up  the  water  toward  the  flume 
outlet  and  form  a  drop-down  curve  throughout  the  length  of  the  short 
flume.  The  limit  of  this  condition  takes  place  when  tail-water  stage 
equals  k  +  dc  +  hr.  At  this  time  water  is  just  at  critical  depth  at  the 
outlet  brink  and  further  lowering  of  the  tail  water  will  not  increase 
the  flow  nor  change  the  drop-down  curve.  The  latter  can  be  traced 
by  methods  given  in  example  on  page  78.  As  this  is  a  short  flume, 
the  drop-down  curve  will  still  be  in  effect  by  the  time  it  has  been 
traced  back  to  the  inlet.  That  is,  d  will  still  be  less  than  dn,  which 
means  that  there  is  excess  drop  available  between  the  canal  above  and 
the  stage  in  the  flume  proper  just  below  the  inlet.  If  this  excess  is 
moderate,  the  steeper  energy  gradient  will  generate  a  faster  velocity 
in  the  canal  above  in  the  form  of  another  drop-dowH  curve.  Again 
the  limit  of  this  curve  in  the  canal  above  will  come  when  a  control  at 
critical  depth  is  developed  on  the  brink  at  the  inlet  transition. 

If  there  is  still  excess  drop,  water  will  enter  the  flume  at  a  velocity 
faster  than  critical  and  the  next  flow  class  is  developed. 

Flow  class  B-3.  A  flume  with  flow  at  the  upper  end  faster  than 
critical  but  normal  flow  slower  than  critical;  d<idc  but  dn>dc. 

Flow  immediately  below  the  inlet  control  at  dc  is  almost  unavoid- 
ably faster  than  the  critical.  However,  the  premise  is  that  the  slope 
of  the  flume  is  not  sufficient  to  maintain  velocity  faster  than  the  criti- 
cal so  the  hydraulic  jump  will  probably  occur  somewhere  in  the  upper 
reaches  of  the  flume  with  the  drop-down  curve  on  the  surface  from 
that  point  to  the  outlet.  In  many  flumes,  flows  at  but  partial  capac- 
ity develop  this  control  at  the  inlet  transition  and  result  in  a  jump 
somewhere  in  the  upper  reaches  of  the  flume  (pi.  12,  C).  The  flow 
beyond  the  jump  may  be  uniform,  drop-down  or  backwater,  depend- 
mg  on  the  stage  of  tail  water  in  regard  to  outlet  depth  and  recovery 
of  velocity  head,  as  outlined  above. 
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FLUME    TYPE    A-D 

Long  flumes  at  a  velocity  faster  than  critical. 

Such  a  flume  is  usually  a  ''chute "  or  inclined  drop  structure  with 
very  high  velocities.  However,  this  type  of  flow  may  occur  in  a 
flume  not  intended  as  a  chute.  Such  was  the  case  in  the  flume  used 
for  the  example  (p.  67). 

Flow  class  D-1.  A  long  flume  with  normal  velocity  faster  than 
critical;  that  is  dn<^dc  and  d  approximating  c?„  beyond  the  initial 
reaches  of  the  flume. 

Even  though  a  flume  is  designed  for  streaming  flow  a  little  slower 
than  the  critical,  the  attained  value  of  n,  at  first,  may  be  much  lower 
than  the  design  n  and  the  resulting  normal  velocity  for  the  new 
flume  will  be  faster  than  the  critical  and  consequently  the  depth  will 
be  less  than  the  critical  depth  (p.  17). 

A  flume  chute  usually  has  water  delivered  to  it  from  some  relatively 
low-velocity  canal.  For  the  velocity  to  increase  from  the  streaming 
sta^e  to  the  fast,  shooting  stage  it  must  go  through  critical  depth. 
This  usually  occurs  at  the  first  brink  where  the  grade  breaks  sharply 
downward.  Water  delivered  to  a  chute  from  a  gate  structure  is 
usually  at  shooting  stage  when  it  emerges  from  the  orifice.  Imme- 
diately after  the  critical-flow  stage  is  reached  the  water  is  at  shooting 
stage  but  is  still  slower  than  normal,  that  is  d<Cdc  but  >G?n.  Hence, 
the  flow  will  be  quickly  accelerated  until  dn  is  approximated.  This 
acceleration  will  take  place  as  head  of  elevation  is  made  available  in 
excess  of  that  necessary  to  overcome  friction. 

RECOMMENDED  VALUES  OF  RETARDATION  COEFFICIENTS 

The  following  discussion  will  be  in  terms  of  Kutter's  n.  However, 
table  2  shows  that  Manning's  n'  conforms  quite  closely  to  Kutter's  n 
throughout  the  range  of  values  usually  found  in  flumes,  say  from  0.01 1 
to  0.016  or  slightly  more. 

In  planning  for  a  complete  new  conduit  there  may  be  considerable 
elasticity  in  the  selection  of  the  various  hydraulic  elements.  For  a 
replacement  structure,  however,  the  total  fall  available  may  be  practi- 
cally nonvariable  and  all  other  elements  must  conform  to  that.  The 
engmeer  is  required  to  exercise  his  judgment  as  to  the  value  of  n  in 
several  ways,  illustrated  in  the  following  two  groups:  '^ 

The  design  of  a  flume  to  be  erected  in  the  future: 

(1)  The  value  of  n  to  be  substituted  in  a  flow  formula  to  determine 
the  approximate  mean  velocity,  V,  hence  the  flow,  Q,  for  an  assumed 
long  flume  of  definite  material,  dimensions,  shape,  and  slope.  The 
usual  design  set-up  is  for  full  capacity,  with  a  definite  freeboard  at 
normal  flow.  Several  trials  may  be  necessary  before  the  resulting  Q 
approximates  the  design  quantity  desired.  Sometimes  where  the 
slope  is  elastic,  a  section  area  and  velocity  may  be  assumed  that  must 
yield  the  desired  flow,  Q,  and  the  slope  be  then  computed  that  will 
give  the  assumed  velocity  for  the  value  of  Kutter's  n  determined  upon 
as  best  fitting  operation  conditions  at  the  flume  location. 

»  Before  selecting  a  value  of  n,  the  engineer  should  review  the  comments  regardmg  long  and  short  flumes 
under  Flow  Classiflcatinn.  A  more  conservative  value  of  n  should  be  used  for  long  Qumes  since  there  in 
less  opportunity  for  changing  the  effective  slope  in  case  too  low  a  value  of  n  is  selected. 
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(2)  A  similar  study  of  a  ''paper"  flume,  to  be  equated  against 
competing  structures  such  as  an  inverted  siphon  pipe  of  concrete, 
steel  or  wood,  or  different  flume  types  or  materials.  A  bench  flume 
will  often  be  equated  against  a  tunnel  for  various  portions  of  its  length , 
or  against  an  open  canal,  lined  throughout.  Occasionally  a  combi- 
nation of  these  is  studied;  as,  for  example,  a  flume  side  or  a  flume 
side-and-bottom  construction  with  a  rock  cut  or  a  lined  bank  on  the 
upper  side.  For  studies  of  this  nature,  the  proper  relative  friction 
factors  for  all  the  conduit  types  are  probably  more  important  than  the 
specific  factor  that  must  be  applied  in  case  (1),  above.  Of  course  very 
conservative  factors  should  not  be  selected  for  one  type  or  material 
of  construction  and  very  lenient  factors  for  another. 

Studies  of  a  flume  already  in  service: 

(1)  The  determination  of  the  computed  maximum  capacity  of  a 
flume  for  which  a  capacity  flow  has  not  as  yet  been  available,  or  has 
not  been  measured. 

(2)  The  determination  of  the  feasible  increase  in  capacity  by  im- 
provement of  part  or  all  of  the  containing  surface.  This  improvement 
may  be  by  permanent  change  in  surface,  or  by  temporary,  periodic,  or 
permanent  removal  of  the  cause  of  capacity  reduction. 

(3)  The  determination  of  a  feasible  increase  in  capacity  by  (a) 
improvement  of  inlet  or  outlet  structures,  (b)  lowering  the  stage  of 
the  tail  water  to  secure  a  ''good  get-away",  as  irrigators  sometimes 
express  it,  (c)  the  lowering  or  raising  of  the  whole  structure  where 
the  flume  is  very  short. 

(4)  The  determination  of  the  location  and  disposition  of  flashboards 
or  side  posts  along  a  wood-plank  flume  to  retard  flows  less  than  the 
maximum  in  order  to  keep  all  the  side  walls  reasonably  wet  and  thus 
prevent  development  of  cracks  and  consequent  loss  of  water.  Unless 
otherwise  stated,  a  velocity  less  than  critical  is  assumed. 

In  the  selection  of  a  value  of  n  for  use  in  computations,  it  should  be 
remembered  that  all  experimental  data  on  capacity  of  both  open  and 
closed  conduits  show  well-authenticated  cases  of  extremely  favorable 
friction  factors.  The  values  attained  in  practice  are  higher  than  should 
be  anticipated  in  design.  Available  experimental  data  were  used  in 
preparing  the  following  recommendations  as  to  various  values  of 
Kutter's  n: 

n  =  0.009.  Mostof  the  older  works  on  hydraulics  head  the  list  of  values 
of  n  for  various  materials  with  this  value  "for  well  planed  timber." 
This  description  fits  perfectly  the  new  flume  of  surfaced  lumber  or  of 
machined-wood  staves  without  chemical  treatment,  but  experience 
indicates  that  values  given  farther  down  the  list  should  always  be  used 
in  design.  Experimental  data  available  to  Kutter  (10,  p.  163)  showed 
values  from  0.0084  to  0.0097  for  two  flumes,  one  of  which  was  about 
4  inches  and  the  other  about  7  inches  wide.  The  lower  values  of  n 
were  found  for  flows  faster  than  the  critical.  These  flumes  were 
but  one  board  wide  and  one  deep,  without  cracks  or  battens.  These 
data  obtained  in  very  small  flumes,  are  entirely  too  meager  to  be  used 
as  a  basis  for  the  use  of  "0.009  for  well-planed  lumber"  in  general 
design  for  commercial  structures.  Experience  dictates  a  minimum 
value  some  0.004  higher;  i.e.,  n  =  0.013  for  commercial  design. 

n  =  0.010.  In  the  old  fist  attributed  to  Kutter  this  value  is  suggested 
"for  neat  cement."  It,  too,  is  based  on  insufficient  data — 2  experi- 
mental channels,  1  rectangular  and  1  semicircular.     No  field  use  of 
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coatings  of  neat  cement  is  known  to  the  writer.  This  value  may  be 
taken  as  the  lowest  one  attained  in  field  tests  where  conditions  ap- 
proaching the  ideal  are  maintained.  It  is  too  low  to  be  anticipated 
m  the  design  of  any  flume  with  velocities  below  the  cntical. 
For  flows  much  faster  than  the  critical,  in  chute  flumes,  this  value  may 
be  used  in  the  computation  of  velocity  and  its  related  trajectory  of 
the  jet  as  water  reaches  the  end  of  the  chute.  (See  chute  flumes,  p. 
89.) 

n  =  0.011.  In  the  original  Ust  attributed  to  Kutter  this  value  » 
suggested  "for  cement  with  one-third  sand."  This  description 
applies  more  closely  to  our  present  idea  of  Portland-cement  concrete? 
than  any  other  description  in  the  old  Ust,  especially  for  mortar  eoatsJ 

fenerally  apphed  as  a  mixture  of  cement  and  sand  in  equal  pftrts.- 
'he  above  value  is  often  attained  in  ver>^  smooth  circular  pipe^ 
operating  as  flow  lines;  that  is,  mth  a  free-water  surface,  a  conditions 
which  is  the  equivalent  of  that  prevailing  in  a  covered  circular  flume.- 
This  value  might  be  used  in  design  in  exceptional  cases,  where  thC' 
water  is  free  from  algae  and  larval  growths  and  the  cover  wiU  mini-; 
mize  moss  growth.  It  has  also  often  been  used  in  the  desig:ning  of 
metal  flumes  mthout  projecting  interior  bands.  Early  experimental 
data  indicated  this  value  for  long  straight  flumes  under  the  best  of 
conditions.  However,  age  generally  has  affected  materially  such 
flumes,  as  the  single  carrier  rod  formerly  in  use  (fig.  1,  He)  was  not 
sufficient  to  prevent  opening  of  sheet  joints  and  resulting  offsets  of 
sheet  edges,  thus  reducing  the  carrying  capacity. 

Many  old  metal  flumes  designed  with  a  value  of  n  =  0.01 1  have  given 
little  or  no  trouble  with  respect  to  capacity,  probably  for  the  reason 
that  they  were  relatively  short  and  a  small  amount  of  heading-up  in 
the  canal  above  the  flume  was  sufficient  to  develop  the  requisite 
additional  slope  of  the  energy  gradient.     (See  fig.  2,  B.) 

The  present  understanding  of  the  use  of  7i  =  0.011  for  flume  flow 
may  be  summed  up  as  foUows:  It  wiU  sometimes  be  attained  in  new 
impainted  metal  flume  of  types  c,  d,  and  e(fig.  1,  H,) ;  in  new  untreated 
stave  flumes  of  either  redwood  or  fir  (fig.  1,  F);  and  in  the  smoothest 
of  concrete  pipes  when  used  as  flow  lines,  i.  e.,  covered  flumes,  for 
reasonably  straight  reaches;  but  it  should  not  be  used  as  a  design  value 
to  hold  throughout  the  life  of  the  structure. 

71  =  0.012.  In  the  old  list  attributed  to  Kutter  this  value  is  given 
"for  unplaned  timber."  The  data  upon  which  this  recommendation 
was  based  were  obtained  largely  from  "test  channels"  of  unplaned 
lumber,  presumably  quite  new  {10,  pp.  169-172).  More  recent 
experimental  data  indicate  that  this  value  is  found  only  in  new,  un- 
treated, planed- timber  flumes  operating  under  exceUent  conditions. 
No  value  of  n  less  than  0.015  should  be  used  for  long,  unplaned  timber 
flumes.  That  the  surfaces  of  planed  and  unplaned  plank  flumes 
tend  to  become  identical  with  respect  to  frictional  effects  should  be 
borne  in  mind.  It  is  diflficult  to  determine  as  to  the  initial  distinction 
after  a  flume  is  10  years  old  or  more. 

A  value  of  0.012  will  be  attained  quite  frequently  in  metal  flumes 
of  types  d  and  e,  especially  when  they  are  unpainted  and  reasonably 
straight,  and  also  in  stave  flumes,  it  is  only  occasionally  found  in 
rectangular  concrete  flumes  without  cover.  It  may  be  used  in  the 
design  of  such  flumes  where  alinement  is  straight  and  the  length  is 
Jess  than  about  500  feet.    For  such  short  flumes  a  slight  lack  m  the 
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value  of  n  will  be  overcome  by  an  additional  effective  slope  of  the 
energy  gradient,  developed  by  heading-up  in  the  canal  above  the 
flimie,  or  by  raising  the  water  in  the  upper  end  of  the  flume.  For 
structures  that  unquestionably  would  be  classified  as  '4ong  flumes" 
(p.  8)  0.012  is  too  low  for  design  except  in  especially  favorable  cases. 
For  such  flumes  any  lack  in  the  value  of  n  could  not  be  compensated 
by  any  feasible  changes  in  effective  gradient.  (See  discussion  re- 
garding flume  no.  104  on  p.  78.) 

This  value  of  n  may  be  used  for  short,  straight  flumes  of  unpainted 
metal,  surfaced  lumber,  or  smooth  concrete,  where  algse  or  insect 
growth  will  not  prove  troublesome.  The  longer  the  flume,  the  less 
conservative  is  this  value  of  n,  provided  that  it  is  not  too  long  to  be 
classed  as  a  short  flume. 

71  =  0.013.  This  value  of  n  is  about  the  lowest  that  should  be  used 
for  conservative  design  of  a  long  flume,  regardless  of  material.  Where 
previous  experience  indicates  there  will  be  no  trouble  with  algae  or 
insect  growths,  this  value  is  applicable  to  reasonably  straight  flumes 
as  follows: 

(1)  Metal  flumes  of  types  d  and  e  so  painted  that  a  continuous 
glossy  surface  results. 

(2)  Poured-concrete  flumes  where  oiled  steel  forms  are  used  for  the 
sides  and  a  smoothly  trowelled  bottom  will  surely  be  attained. 
Excellent  sides  have  sometimes  been  discounted  by  rough  bottom 
finish.     (See  nos.  1-9,  16.) 

(3)  Treated  wood-stave  flumes  where  experience  indicates  that 
little  or  no  algse  or  insect  growth  will  reduce  the  capacity  or  where 
brushing  or  chemical  treatment  is  anticipated,  thus  insuring  a  reason- 
ably clean  flume. 

(4)  Covered,  surfaced  lumber-plank  flumes  without  battens,  or 
with  tight  battens  which  have  been  fully  included  in  area  and  peri- 
meter computations. 

All  oakum  used  in  calking,  asphaltum  paints,  vertical  battens, 
metal  compression  rods,  concrete  form  fins,  etc.,  must  be  smoothed 
down  so  that  the  obstruction  to  flow  due  to  their  use  is  reduced  to  a 
minimum.     Projecting  roughness  rapidly  raises  the  value  of  n. 

n  =  0.014.  This  is  an  excellent  value  for  conservatively  designed 
structures  of  painted  metal,  wood  stave,  or  concrete  flumes  under 
usual  conditions.  It  wfll  care  for  reasonably  sinuous  alignment, 
slight  algae  growth,  slight  insect  growth,  or  slight  sand  and  gravel 
deposition.  However,  if  2  or  3  of  these  reducing  influences  are  to  be 
present  a  higher  value  of  n  should  be  used.  Also,  this  value  is  appli- 
cable to  uncovered  plank  flumes  constructed  of  surfaced  lumber  with 
battened  cracks.  In  computing  B,  the  edges  of  the  battens  should  be 
added  to  the  perimeter  of  the  net-water  section  and  the  area  reduced 
by  the  sum  of  the  areas  of  the  batten  cross  sections.  Silt  and  moss 
deposits  on  top  edges  of  these  battens  often  cause  material  reduction 
in  capacity.  In  fact  battens  can  cause  reduction  in  capacity  in  so 
many  ways  that  they  should  be  avoided  wherever  it  is  feasible.  Ex- 
amination of  the  insides  of  many  old  battened  flumes  demonstrates 
this  very  forcibly. 

This  value  is  applicable  to  gunite  flumes  "shot"  from  the  inside  but 
surfaced  with  a  troweled  coat  of  cement  mortar.  This  type  of 
construction  is  adaptable  to  bench  flumes  having  reasonable  curva- 
ture.    (See  no.  15,  pis.  9,  C,  and  12,  A.) 
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This  value  can  be  used  for  flumes  that  would  call  for  an  n  of  0.013 
as  regards  surface  and  water,  but  with  excessive  alignment  curvature, 
say  300  degrees  per  thousand  feet  of  flume. 

71  =  0.015.  Applicable  to  sinuous  flumes,  subject  to  algae  deposit; 
smoothly  painted  metal  of  types  d  and  e ;  concrete  with  best  grade  of 
workmanship  on  sides  but  roughly  troweled  bottom;  wood-stave 
flumes  with  well  bedded  algae  and  moss  growth. 

It  is  applicable  to  clean  bench  flumes  of  gimite  shot  from  the  out- 
side against  smooth  wood  or  steel  forms  with  the  floor  left  as  shot 
from  the  gun  (pi.  1,  C) ;  plank  flumes  of  unsurfaced  lumber  in  typical 
mountain  canyons  with  changes  of  direction  made  in  short  angular 
shifts,  some  gravel  debris  on  the  bottom,  and  maintenance  repairs 
with  scraps  of  old  lumber,  and  for  metal  flumes  of  b  type  with  shallow 
compression  member  projecting  into  the  water  prism,  under  align- 
ment and  water  conditions  that  otherwise  would  give  smooth  metal 
flumes  a  rating  of  0.013.  Bottom  deposits  of  sand  and  gravel  become 
noticeable  with  a  value  of  n  =  0.015  for  flumes  that  would  otherwise 
be  in  the  0.013  or  0.014  classes,  and  such  influence  should  be  considered 
if  the  bed  load  is  not  to  be  diverted  by  some  form  of  sand  trap. 

71  =  0.016.  This  value  is  applicable  to  the  straightest  and  best  of 
metal  flumes  with  heavy  compression  bars  projecting  into  the  water 
prism  at  the  sheet  joints  (fig.  1,  H,  a).  This  type  was  extensively 
used  up  to  about  15  years  ago.  It  is  not  manufactured  at  this  time 
but  many  of  these  flumes  are  still  in  operation.  Excellent  concrete 
and  metal  flumes  have  acquired  this  value  after  a  few  months'  accu- 
mulation of  algae  and  caddis-fly  cases  (nos.  10  and  105). 

The  effect  of  sand  and  gravel  commences  to  become  acute  with 
about  this  value  of  n.  Such  bed  load  should  be  trapped  out  of  a  long 
flume.  Rapid  erosion,  as  aided  by  the  abrasive,  will  roughen  the 
bottom  of  a  concrete  flume  and  wear  out  the  bottom  of  a  metal  or 
wooden  flume. 

Flumes  originally  rating  0.013  or  more  wiU  take  on  this  value  in 
waters  that  develop  lime  incrustations.  Heavy  silt-and-moss  ac- 
cumulations of  a  leathery  texture  also  tend  to  make  this  value  ap- 
plicable. 

71  =  0.017  and  higher.  The  highest  values  of  n  are  applicable  to 
metal  flumes  with  heavy  compression  bars  projecting  into  the  water 

f)rism,  with  alignment  or  other  conditions  conducive  to  extra  friction 
osses.  Where  higher  values  of  n  than  0.017  must  be  used,  the  flumes 
usually  form  short  structures  between  tunnels  or  span  gulches  be- 
tween sections  of  rock-cut  or  cobble-bottom  canals.  Ravelings  from 
the  tunnels  or  rock  cuts  or  sand  and  boulders  collect  along  the  flume 
bottom  to  such  an  extent  that  it  loses  much  of  its  identity,  from  a  ca- 
pacity standpoint,  as  a  flume  and  is  quite  likely  to  take  a  value  of  n 
approximating  that  of  an  ordinary  earth  canal,  perhaps  from  0.023 
to  0.025.  The  position  of  a  short  flume  bottom  as  compared  with 
that  of  the  canal  sections  at  the  end  of  the  flume  has  much  influence 
on  the  amount  and  permanence  of  such  accumulations.  A  short 
section  with  elevated  bottom  (pi.  14,  C)  will  usually  remain  quite 
clean,  while  a  depressed  bottom  is  almost  sure  to  acquire  a  deep 
bed  of  sand  and  gravel.  Lime  accretions,  while  rare,  should  be 
considered. 
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RELATION  OF  FLOW  STAGE  TO  SOLUTION  OF  FORMULAS 

A  question  that  may  occur  to  the  reader  is  this:  When  a  problem 
is  solved,  say  by  the  Kutter  formula,  does  the  resulting  water  section 
have  the  properties  of  the  streaming,  low-velocity  stage  or  the  shoot- 
ing, high-velocity  stage?  Solution  of  such  problems  may  give  results 
at  streaming,  shooting,  or  critical  stage  without  recognition  of  the 
three  conditions  of  flow,  taking  into  account  values  of  n,  R,  V,  and  S, 
only.  Other  tests,  such  as  are  shown  in  formulas  19  to  27  inclusive, 
must  be  applied  to  determine  the  stage  of  flow.  As  a  rule,  however, 
the  alternate  stages  are  so  far  apart  that  there  is  little  chance  of  con- 
fusing the  results.  The  alternate  stages  are  merely  two  very  dissimi- 
lar problems,  as  interpreted  in  flow  formulas,  one  at  a  reasonable 
velocity  in  a  good-sized  water  prism  flowing,  usually,  on  a  slope  of  less 
than  2  feet  per  thousand.  At  the  alternate  stage  the  velocity  is 
noticeably  high,  the  size  of  the  water  prism,  represented  by  R,  is  usu- 
ally much  less  than  ordinary  examples  cover,  and  the  slope  is  immedi- 
ately recognized  as  a  steep  incline.  In  general,  a  much  steeper  slope  is 
required  to  maintain  the  same  flow  at  shooting  stage  than  is  the  case 
for  streaming  stage,  since  the  value  of  R  is  smaller  and  the  velocity 
is  greater. 

FREEBOARD 

The  effective  distance  between  the  surface  of  the  water  in  a  flume 
and  the  top  edge  of  the  side  walls  or  the  bottoms  of  cross  bars  is  called 
the  ''freeboard."  For  purposes  of  design,  it  is  usually  a  strip  of 
constant  width.  As  encountered  in  actual  operation,  it  is  generally 
variable  over  a  wide  range.  Formulas  used  by  different  authorities 
give  results  that  make  material  differences  in  the  computed  capacity 
of  the  structure.  Obviously,  a  great  difference  in  capacity,  and  hence 
in  size  requirement,  can  be  obtained  by  a  difference  in  the  assumptions 
for  various  types  of  flume.  In  the  determination  of  freeboard  for  a 
given  flume,  the  following  items  must  be  considered: 

(1)  The  velocity  of  the  water. 

(2)  Alignment  of  the  flume. 

(3)  Effect  of  wind  due  to  exposure  and  water  surface  area  of  the 
flume,  the  effect  being  roughly  proportional  to  this  area. 

(4)  Amount  and  type  of  trash  that  winds  may  blow  into  the  canal. 

(5)  The  hazard  of  high  winds  blowing  upstream  in  the  flume;  both 
checking  the  velocity — thus  making  the  water  deeper,  and  developing 
wind  waves. 

(6)  The  injury  the  flume  may  sustain  in  case  water  does  splash  over 
the  sides. 

(7)  The  protection  against  overloading  afforded  by  siphon  or  bj^ 
lateral  spills. 

(8)  The  change  in  stage  due  to  "checking  up"  water  to  make  a 
delivery  to  high  land  below  the  flume. 

(9)  The  change  in  stage  due  to  the  change  in  the  value  of  friction 
factors. 

(10)  The  type  of  flow  likely  to  hold  at  maximum  capacity,  mild, 
critical,  or  fast. 

(11)  The  possibility  of  flow  changing  from  one  type  to  another. 

(12)  The  feasibility  of  increasing  the  freeboard  locally  to  care  for 
bottlenecks  that  develop  on  all  long,  open  conduit  systems. 
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Authorities  do  not  agree  as  to  the  items  that  should  enter  a  formula 
for  freeboard.  The  United  States  Bureau  of  Reclamation  recognizes 
depth,  diameter,  and  velocity  head. 

For  semicircular  flumes,  minimum  freeboard  =  0. 1  Z>  (0.9  +  A-)      (35) 

One  company  with  extensive  experience  in  metal  flumes  suggests 

for  semicircular  flumes,  freeboard  =  0.06  D  (except  for  velocities  near 

the  critical)  (36) 

Etcheverry  (5,  v.  S)  bases  his  suggestion  wholly  on  water  depth. 

For  flumes,  freeboard,  in  inches  =  depth  of  water  in  feet +  2      (37) 

The  writer  suggests  the  following  formula  as  a  base,  the  results  to 
be  adjusted  by  consideration  of  the  modifying  factors  Hsted  above: 

Freeboard  =  1  velocity  head  plus  0.25  feet  =  /i+ 0.25  (38) 

with  a  maximum  of  2  feet  except  under  extraordinary  conditions. 

In  operation  this  would  yield  a  freeboard  of  2.0  feet  for  a  velocity 
of  10.6  feet  per  second  without  further  increase;  of  15  inches  for  F=8; 
of  1  foot  for  y  =  7 ;  of  6  inches  for  V=  4 ;  of  4  inches  for  F=  2. 

Sharp  unrounded  angles,  need  for  a  definite  maximum  capacity,  and 
uncertainty  as  to  amount  of  algae  or  insect  troubles  to  be  anticipated, 
are  most  common  reasons  for  materially  increasing  the  designed 
freeboard. 

In  a  discussion  of  freeboard,  it  is  again  advisable  to  recall  that  the 
present-day  stave  flume,  by  virtue  of  construction,  has  a  definite  free- 
board provided  above  the  mid-diameter  and  in  most  cases  the  com- 
plete lower  half  of  the  circle  can  be  used  for  the  water  prism  (5). 

EFFECT  OF  SHAPE 

The  cross-sectional  shapes  of  flumes  are  more  or  less  dependent  on 
the  materials  used  in  their  construction.  From  the  standpoint  of 
material  to  be  employed  they  may,  therefore,  be  classified  with  the 
associated  characteristic  shapes,  as  follows: 

The  concrete  flume  usually  with  the  rectangle,  modified  by  fillets  in 
the  corners  and  with  a  bottom  slightly  dished;  occasionally  with  the 
trapezoid  having  steep  sides;  and  rarely  with  the  semicircle  or  hydro- 
static catenary. 

The  sheet-metal  flume  with  an  approach  to  the  hydrostatic  cate- 
nary; occasionally  with  vertical  sides  and  dished  bottom. 

The  plate-metal  flume  with  the  rectangle. 

The  wood-plank  flume  with  the  rectangle  and  in  a  few  cases  with 
the  triangle.  (Where  the  primary  object  is  the  transportation  of  logs 
and  lumber,  the  triangle  is  generally  used.) 

The  wood-stave  flume  with  the  true  semicircle  for  the  water  section 
with  freeboard  extending  into  the  upper  half  of  the  circle.  Very  large 
stave  flumes  of  elliptical  form  have  been  considered,  or  with  one  radius 
for  the  bottom  and  sharper  curves  for  the  sides. 

Other  elements  being  equal,  the  capacity  of  a  flume  is  greatest  for 
the  maximum  value  of  It.  In  rectangular  flumes  this  condition  occurs 
where  the  width  is  tAvice  the  water  depth.  For  curved  shapes,  the 
semicircle  gives  the  maximum  value.  In  wood-plank  flumes  of  rec- 
tangular shape  and  of  highly  variable  load,  the  flume  is  often  made 
relatively  wide  and  shallow  so  that  the  flow  can  vary  materially  with- 
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out  exposing  an  additional  crack  between  sideboards.  If  these  cracks 
can  be  kept  wet  the  leakage  is  small,  but  if  they  dry  out  heavy  leakage 
may  result  for  a  long  period  of  time  after  the  flow  stage  is  raised  to 
cover  the  crack.  In  other  words,  hydraulic  properties  are  sometimes 
sacrificed  for  operation  improvement. 

The  freeboard  in  a  stave  flume  is  especially  effective  because  the 
inward  curves  above  the  mid-diameter  tend  to  throw  waves  back  into 
the  flume  rather  than  allow  them  to  slop  over  the  sides.  Flumes  of 
shapes  and  construction  that  do  not  require  crossties  are,  of  course, 
not  subject  to  the  entanglement  of  tumble  weeds  and  other  floating 
brush.  Difficulties  due  to  trash  in  the  crossties  are  not  frequent,  but 
should  be  considered  in  some  localities.  The  smaller  flumes  are  more 
liable  to  such  trouble. 

Capacities  of  sheet-metal  flumes  have  generally  been  computed  as 
portions  of  a  semicircle.  For  preliminary  calculations  for  a  metal 
flume,  at  full  capacity,  the  diagram  in  figure  4  may  be  used.  Actual 
areas  for  surface  elevations  giving  a  freeboard  of  0.06  D  are  about 
1  percent  less  than  the  areas  given.  This  reduction  is  due  to  the 
catenary  sag  (fig.  1,  and  table  4).  This  is  a  maximum  for  depths 
from  about  one  third  to  one  half  full  so  it  does  not  have  its  greatest 
effect  near  maximum  capacity.  The  sag  should  be  considered  in  all 
field  tests;  the  surface  chord  and  the  depth  not  being  used  to  compute 
a  segment  of  a  circle  whose  diameter  is  the  nominal  diameter  of  the 
flume.  Actual  areas,  perimeters,  and  resulting  values  of  r  are  slightly 
different. 


Table  4. 


Typicals  sags,  indicating  distortion  from  the  circle,  as  measured  in  metal 
flumes  of  various  sizes  for  various  depths 


Refer- 
ence no.i 

Flume 
number 

equals 

length  of 

sheet 

Diameter 

Water  depth 

Sag  below  circle 

Measured 

Percentage 
of  diameter 

Distance 

Sag  as  per- 
centage of 
depth 

Sag  as  per- 
centage of 
diameter 

Inches 
108 
108 
120 
120 
132 
156 
156 
156 
156 
180 
180 
180 
204 
204 
204 
348 

Feet 
5.73 
5.73 
6.366 
6.366 
7.003 
8.276 
8.276 
8.276 
8.276 
9.55 
9.55 
9.55 
10.82 
10.82 
10.82 
18.46 

Feet 
1.11 
1.87 
1.45 
2.46 
3.16 
2.00 
2.35 
2.50 
2.72 
4.06 
4.23 
5.03 
2.24 
2.59 
3.45 
8.88 

Percent 
19.37 
32.63 
22.78 
38.64 
45.12 
24.17 
28.40 
30.21 
32.87 
42.51 
44.30 
52.67 
20.70 
23.94 
31.86 
48.10 

Feet 

0.10 

.12 

.15 

.18 

■     .28 
.20 
.20 
.20 
.17 
.40 
.41 
.41 
.48 
.46 
.59 
.68 

Percent 
9.01 
6.42 
10.34 
7.32 
8.86 
10.00 
8.51 
8.00 
6.25 
9.85 
9.69 
8.18 
21.43 
17.76 
17.10 
7.66 

Percent 
1.75 
2.10 
2.36 
2.83 
4.00 
2.42 
2.42 
2.42 
2.05 
4.19 
4.29 
4.30 
4.44 
4.25 
5.45 
3.68 

101 

103 
103 
176 
98 
98 
98 
166 

See'table  2 


EFFECT  OF  CURVATURE 

In  the  opinion  of  the  writer  present  ideas  regarding  friction  losses 
incident  to  curvature,  over  and  above  those  occurring  in  a  straight 
channel,  and  likewise  the  encroachment  on  freeboard  due  to  super- 
elevation of  the  water  surface  on  the  outside  of  a  curve,  are  subject 
to  modification. 
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ADDITIONAL  FRICTION  LOSS 

It  has  long  been  realized  that  little  additional  information  regarding 
losses  was  to  be  gained  from  a  few  scattered  curves  considered  in 
connection  with  short  tangents  included  in  the  same  reach  of  flume. 
Prior  to  the  construction  of  Tiger  Creek  conduit  (nos.  39  to  54)  experi- 
ments on  flumes  of  similar  construction,  but  on  reaches  less  than  one 
half  mile  in  length,  brought  out  the  fact  that  the  effects  of  each  curve 
were  extended  both  upstream  and  downstream  into  the  adjacent 
tangents  so  that  no  excess  local  loss  around  the  curve  was  indicated 
by  the  energy  gradient.  The  water  surface  showed  superelevation 
on  the  outside  and  corresponding  depression  on  the  inside,  but  the 
energy  gradient  throughout  the  reaches  tested  was  a  remarkably 
straight  line.  This  gradient  was  developed  by  adding  the  velocity 
head,  h,  for  the  mean  velocity,  v,  at  each  section,  to  the  mean  elevation 
of  the  water  surface,  Z,  on  the  two  sides  of  the  concrete  channel. 
The  water  surface  was  taken  at  intervals  of  50  feet  on  tangents  and 
25  feet  or  oftener  on  sharp  curves. 

The  original  device  based  on  the  principle  of  the  surface  gage  shown 
in  plate  10,  A,  was  developed  by  A.  W.  Kidder,  engineer  for  the  com- 
pany owning  the  canal,  and  the  WTiter,  for  the  purpose  of  making  the 
measurements  taken.  From  these  tests  on  curves  and  bends  and  all 
others  that  could  be  collated,  it  was  decided  that  a  minimum  radius 
of  75  feet  could  be  used  on  Tiger  Creek  flume.  Kesults  have  justified 
this  decision.  The  conduit  was  placed  in  commission  in  June  1931. 
Just  before  running  the  first  water,  five  reaches,  each  about  4,000  feet 
long,  scattered  along  the  20-mile  conduit,  were  selected  for  making 
tests.  A  level  party  painted  black  spots  on  the  top  inside  edges  of 
both  concrete  walls  every  50  feet  on  tangents  and  25  feet  on  curves 
and  tied  the  elevations  of  the  spots  and  of  the  flume  bottom  to  the 
bench  marks  in  the  scheme  of  levels  finally  adopted  for  construction 
of  the  conduit. 

In  August  1931  tests  were  made  to  determine:  (1)  The  friction  fac- 
tors near  the  feeding  reservoir  after  2  months'  accumulation  of  algae 
growth;  (2)  the  change  with  distance  from  reservoir  in  these  factors; 
(3)  the  effect  of  curvature  on  the  friction  factors  throughout  lengths 
having  excessive  curvature,  in  comparison  with  those  having  minimum 
curvature  within  any  one  of  the  reaches;  and  (4)  the  effect  of  curva- 
ture on  the  water  surface  and  character  of  flow.  In  November  1931 
tests  50,  52,  and  54  were  conducted  after  the  algae  had  disappeared 
from  the  flume.  In  the  spring  of  1932  tests  46  to  48,  inclusive,  were 
made  before  the  algae  started  growing.  To  accomplish  a  complete 
test  for  any  one  reach  while  the  flow  was  held  constant,  it  was  nec- 
essary to  develop  equipment  and  methods  so  that  a  lai'ge  number  of 
precision  measurements  could  be  made  from  the  points  spotted,  down 
to  the  average  water  surface,  within  the  period  of  time  necessary  to 
make  a  measurement  of  the  flow,  Q,  by  the  multiple-point  method, 
i.e.,  in  a  large  number  of  verticals,  with  points  in  each  vertical  at  the 
surface,  0.2,  0.4,  0.6,  0.8  depth,  and  bottom.  With  two  hydrographers 
about  2}^  hours  were  required  for  such  a  measurement.^^ 

»*  The  writer  believes  the  equipment,  field  conditions,  and  methods  adopted  for  the  measurements  on 
Tiger  Creek  conduit  were  such  as  to  yield  data  among  the  best  available  resulting  from  tests  on  values  of 
n,  flow  around  curves  in  large  channels,  extent  of  nonuniform  flow,  and  relationship  between  curve  losses 
and  extent  of  curvature  for  a  particular  channel.  In  these  measurements  the  Pacific  Gas  &  Electric  Co., 
through  its  engineers  and  load  dispatchers,  cooperated  to  the  fullest  extent. 
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On  reach  39,  a  number  of  observations  of  water  surface  were  made 
by  two  gage  readers,  one  on  each  side  of  the  flume,  traveling  down  the 
structure  on  the  carriages  shown  in  the  inset  of  plate  13,  B.  These 
carriages  could  be  operated  by  boards  or  paddles  held  in  the  flowing 
stream,  or  they  could  be  pushed  by  an  assistant  walking  along  the 
ground  at  the  flume  side.  The  latter  method  proved  fast  and  also 
sure  in  stopping,  so  each  spotted  point  was  within  easy  reach  of  the 
gage  reader.  About  30  seconds  were  allowed  for  the  water  in  the 
stifling  well  of  each  gage  to  become  settled  before  taking  the  reading. 
One  engineer  on  the  ground  kept  notes  for  both  gage  readers.  The 
elevations  of  the  points  spotted  were  already  available  and  listed  on 
the  field  sheet.  The  gage  reader  announced  the  ''constant"  distance, 
measured  to  tenths  of  a  foot  on  a  rod  so  graduated,  from  the  spot, 
(P)  (pi.  10,  A)  down  to  the  zero  point  of  the  gage  in  the  stflling  well. 
The  hook-gage  (a)  reading,  to  the  nearest  hundredth  foot,  was  next 
given  to  the  note  keeper.  The  final  elevation  of  the  damped-down 
average  elevation  of  the  water  surface  at  the  side  of  the  flume  at  the 
given  station  equaled:  elevation  of  spot  —  constant  +  hook-gage  reading. 

In  further  computations  the  mean  of  the  surface  elevations  at  the 
two  sides  of  the  flume  was  taken  as  the  water-surface  height.  To  this 
mean  elevation  was  added  the  velocity  head  for  the  mean  velocity  ol 
the  water  at  that  section,  the  sum  being  the  elevation  of  the  energv 
line  at  that  station.  The  rate  of  fall  in  the  energy  line  was  used  to 
compute  the  friction  loss.  Previous  measurements  had  determined 
the  fact  that  ,there  were  no  appreciable  differences  in  the  standard 
flume  section  from  station  to  station. 

For  purposes  of  study,  profiles  of  the  bottom,  water  surface  at  right 
and  left  sides,  and  the  energy  line  as  determined  above  were  plotted 
on  cross-section  paper.  There  was  no  tangent  on  the  flume  of  suf- 
ficient length  to  be  taken  as  the  straight-line  criterion  to  serve  as  a 
base  in  studying  the  curvature.  However,  it  was  observed  that  there 
were  definite  but  unequal  inclinations  of  slope  in  the  energy  line  when 
long  reaches  were  plotted.  Uniform  flow  did  not  exist  anywhere  along 
the  20  miles  of  flume,  so  far  as  close  measurements.showed.  A  mass 
diagram  of  the  curvature  was  plotted  under  the  profiles  mentioned 
above,  using  the  same  horizontal  scale  as  for  the  profiles  but  using 
total  degrees  of  curvature  (regardless  of  radius)  for  the  vertical  scale. 
Thus  sharpness  of  curvature  was  shown  as  a  steep  line  with  length  of 
curvature  as  the  length  of  this  inclined  line,  tangents  showing  as  hori- 
zontal reaches  on  the  mass  diagram.  By  this  method,  for  the  first 
time  known  to  the  writer,  the  steepness  of  the  energy  gradient  ap- 
peared as  conforming  to  the  steepness  of  the  mass  diagram  of  curva- 
ture. For  example,  nos.  41  and  42  of  table  2  refer  to  adjoining 
portions  of  conduit  with  the  same  conditions  holding  except  the  total 
amount  of  curvature  per  100  feet  of  flume.  Note  the  difference  in 
the  friction  factors.  Other  reaches  in  Tiger  Creek  flume  may  be 
compared  in  the  same  way. 

The  curves  in  concrete  flumes,  so  far  as  the  writer  is  informed,  have 
always  been  made  with  straight  forms.  This  method  gives  a  curve 
composed  of  short,  straight  sections.  On  Tiger  Creek  flume  the  form 
units  were  6  feet  long  (measured  lengthwise  of  the  flume).  On  the 
Tieton  flume  (no.  10)  they  were  but  2  feet  long,  and  on  the  Umatilla 
conduit  (no.  76-79,  inclusive)  they  were  10  feet  long.    Hopson  {16 , 
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"p.  182)  ascribes  much  of  the  difference  in  the  roughness  of  the  water 
in  these  two  flumes  to  the  difference  in  the  lengths  of  the  form  units. 

Wood-stave  flumes  can  be  built  on  true  curves,  but  the  minimum 
radius  is  restricted.  For  metal  flumes  curves  are  made  with  special 
gore  sheets,  the  result,  as  in  concrete  flumes,  being  a  series  of  short 
tangents  rather  than  oif  true  curves. 

To  suggest  the  friction  factor  for  specific  rates  of  curvature — that 
is,  sharpness  of  curves — is  not  yet  feasible;  but  the  following  tenta- 
tive suggestion  as  to  retardation  due  to  curvature  in  a  rectangular 
flume  appears  to  be  warranted  from  a  comparison  of  the  differences 
in  retardation  with  the  differences  in  total  angular  amounts  of  curva- 
ture. Using  the  slope  of  the  mass  diagram  of  curvature — that  is,  the 
number  of  degrees  of  curve  per  100  feet  of  flume — an  average  increase 
of  about  0.001  in  the  value  of  Kutter's  n  for  each  20°  of  curvature 
in  100  feet  of  flume  is  indicated.  In  several  parts  of  Tiger  Creek 
flume  the  curvature  approached  500°  in  1,000  feet  of  flume.  The 
suggestion  made  would  call  for  an  increase  in  such  reaches  of  0.0025 
in  the  value  of  n. 

Plate  10,  B  shows  about  430°  of  curvature  in  a  length  of  780  feet. 
All  of  the  curves  have  radii  of  75  feet  except  the  first  one,  which  turns 
to  the  left  with  a  radius  of  140  feet,  followed  by  one  turning  to  the 
right  mth  a  radius  of  90  feet.  A  large  amount  of  curvature  was 
necessary  for  any  feasible  flume  down  the  canyon.  It  was  finally 
decided  that  it  was  more  important  to  keep  the  flume  on  the  exca- 
vated portion  of  a  bench,  following  the  contours  rather  closely,  than 
to  reduce  the  curvature  at  the  expense  of  foundation  stability. 

SUPERELEVATION  OF  WATER  SURFACE  ON  OUTSTOE  OF  CURVES 

The  Tiger  Creek  flume  ^^  tests  clearly  indicate  the  following  ten- 
dencies: 

(1)  The  average  water  lines  were  elevated  on  the  outside  and 
depressed  on  the  mside  in  about  equal  amounts,  the  maximum  differ- 
ence shown  by  the  averaging  gages  being  about  0.4  foot  (see  item  10 
below)  for  a  mean  velocity  of  about  6.7  leet  per  second. 

(2)  The  difference  appeared  to  depend  upon  the  length  more  than 
upon  the  sharphess  (represented  by  the  shortness  of  radius)  of  the 
curve,  gradually  increasing  to  about  the  middle  of  the  curve. 

(3)  Beyond  the  middle  of  the  curve,  the  amount  (see  (1))  depended 
upon  the  direction  of  the  next  curve;  i.e.,  was  subject  to  backwater 
conditions. 

(4)  If  the  next  curve  was  a  reverse,  starting  at  the  end  of  the  curve 
imder  consideration,  the  amount  decreased  so  that  the  surface  was 
without  elevation  or  depression  at  about  the  point  of  reverse  curve. 
The  surface  warp  reversed  at  the  same  point  as  the  curvature. 

J<  The  deductions  are  made  from  exhaustive  tests  on  a  rectangular  flume  14  feet  wide,  with  a  water  depth 
of  nearly  6  feet;  Q  ranging  from  516  to  540  second-feet,  and  mean  velocities,  less  than  the  critical  of  from  6. 4 
to  7.4  feet  per  second.  Most  of  the  curves  have  radii  of  from  90  to  140  feet,  with  occasional  ones  of  75  feet, 
and  a  few  natter  ones  with  radii  of  several  hundred  feet.  As  shown  in  the  views  of  this  flume  (pis.  13,  B  and 
15,  A)  water  took  the  sharp  curvature  without  undue  disturbance;  the  energy  gradient  showed  no  local 
sharpness  of  incline  around  reverse  curves  aggregating  nearly  200°  of  curvature  with  many  individual 
curves  of  more  than  90".  The  effect  of  excessive  curvature  was  manifest  in  slightly  greater  slope  of  the 
energy  line  for  long  reaches  having  a  steep  incline  for  the  mass  diagram  of  curvature.  (Note  values  of  energy 
slope  on  table  2,  items  nos.  39  to  54,  inclusive,  as  compared  with  each  other  and  with  the  bed  slope.)  A 
general  deduction  to  be  carried  over  to  the  discussion  of  freeboard  (p.  56)  is  that  slightly  additional  freeboard 
fe  needed  on  the  outside  of  long  curves;  but  it  is  also  iwssible  that  the  standard  freeboard  may  not  be  sufl3- 
dent  on  the  inside,  owing  to  the  choppiness  of  the  waves.  It  has  been  stated  that  overtopping  occurred 
on  the  inside  of  Tieton-flume  curves,  rather  than  on  the  outside,  untU  reconstruction  gave  additional  free- 
board all  along  the  flume  (16,  p.  179)  (pi.  9,  B). 
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(5)  If  a  tangent  intervened  between  curves,  the  amount  of  super- 
elevation decreased  toward  the  end  of  the  curve,  but  as  a  rule  grad- 
ually tapered  out  in  the  tangent,  the  increase  in  elevation  remaining 
on  the  side  following  the  outside  of  the  curve. 

(6)  If  the  intervening  tangent  was  very  short  and  the  following 
curve  had  the  same  direction  as  the  preceding  one  the  decrease  was 
noticeable  but  not  complete,  the  superelevation  increasing  again  as 
the  second  curve  was  entered. 

(7)  If  the  intervening  tangent  was  relatively  long  (200  feet  was  a 
long  tangent  on  Tiger  Creek  flume)  and  the  following  curve  trended 
in  the  direction  opposite  to  that  of  the  preceding  curve,  the  surface 
became  quite  flat  before  the  following  curve  was  entered.  This  con- 
firms the  conclusion  that  the  best  current-meter  station  on  a  sinuous 
canal  is  near  the  lower  end  of  a  relatively  long  tangent  between 
curves  having  opposite  directions. 

(8)  In  (7),  above,  if  the  following  curve  is  in  the  same  direction, 
the  amount  decreases  slowly,  but  not  entirely,  through  the  tangent  and 
again  increases  as  the  following  curve  is  entered. 

(9)  On  the  outside  of  a  curve,  the  average  water  surface  was  not 
more  than  about  0.1  foot  at  variance  with  the  amplitude  of  the  waves. 
This  is  shown  in  the  flatness  of  the  fountain  head  rising  upward  on 
the  outside  of  the  curves.  This  deduction  also  applies  to  sharp  curva- 
ture in  a  semicircular  section  as  exemplified  by  Tie  ton  flume  (pi.  9,  B). 
An  example  in  a  rectangular  flume  is  plate  9,  C. 

(10)  On  the  inside  of  the  curves,  the  surface  is  more  choppy  than 
on  the  outside.  This  roughness  prevents  taking  advantage  of  the 
lowering  of  freeboard  indicated  by  the  average  depression  of  surface. 
The  variance  between  crests  and  valleys  of  waves  was  about  0.6  foot 
(apparently  amounting  to  about  one  velocity  head,  h).  On  very 
sharp  curves,  the  maximum  forward  velocities  were  on  the  insides  of 
the  curves. 

(11)  The  plotted  energy  line  seldom  varies  locally  more  than  0.05 
foot  from  a  straight  incline.  On  these  long  reaches,  it  was  sHghtly 
steeper  over  reaches  of  1,000  feet  or  more  where  the  corresponding 
mass  of  curvature  was  relatively  excessive.  The  water  line  was 
exceedingly  irregular;  therefore  the  deduction  is  obvious  that  tests 
with  a  few  readings  of  the  elevation  of  water  surface,  perhaps  on  one 
side  of  a  flume  only,  with  but  moderate  curvature,  are  of  little  value 
in  determining  the  effect  of  curvature  on  the  retardation  factor. 

EFFECTS  OF  ALGAE  AND  INSECT  LIFE 

The  capacity  of  a  smooth  flume  is  greatly  reduced  by  either  accre- 
tions of  algae  or  various  types  of  insect  Hfe.  This  reduction  cannot  be 
considered  as  an  effect  of  age  since  flumes  but  a  few  months  old  some- 
times show  reductions  in  capacity  of  from  10  to  20  percent  during 
midsummer  and  a  re-gain  with  the  approach  of  autumn. 

Several  varieties  of  algal  growth  become  manifest  in  spring,  reach 
the  peak  stage  in  late  July  or  August,  and  gradually  decrease  in  Sep- 
tember. The  green  algae  mentioned  by  Taylor  {27)  and  Tiffany  {29) 
occupied  a  band  on  each  side  of  the  flume,  extending  but  a  few  inches 
below  the  water  surface,  but  the  growth  appeared  to  influence  the  value 
of  n  about  0.002.  In  1931  the  writer  observed  a  similar  light-green 
growth  on  a  stave  flimie,  no.  305,  but  it  appeared  to  cover  the  periphery 
as  deeply  as  could  be  observed.     The  brown  algae  in  Tiger  Creek  flume 


THE   FLOW   OF  WATER   IN   FLUMES  63 

covered  the  whole  interior  of  the  flume  except  where  it  was  scoured  off 
by  traveling  detritus.  This  appeared  to  be  the  case  also  near  the 
intake  end  of  Bowman-Spaulding  flume  (no.  105). 

Copper  sulphate  treatments,  in  heavy  but  well-separated  doses, 
appear  effective  in  the  removal  of  both  green  and  brown  algae.  Sacks 
suspended  in  slow-flowing  water,  with  about  70  pounds  of  copper 
sulphate  per  100  second-ieet  of  water,  have  given  dosage  that  was 
effective  for  several  weeks.  Different  forms  of  algae  or  moss  require 
different  amounts  of  copper  sulphate  and  different  treatments.  The 
best  way  to  determine  cost  and  effect  still  appears  to  be  by  experiment. 

There  is  some  division  of  opinion  as  to  the  prevention  of  algae  by 
roofing  the  flume.  In  southern  California,  moss  and  algal  growths 
can  be  fully  controlled  in  that  way.  On  the  other  hand,  Hopson 
{16,  p.  187)  cites  many  localities  where  the  flow  through  covered 
channels  was  affected  by  such  growths.  Their  influence,  in  the  obser- 
vation of  the  writer,  extends  even  to  very  cold  waters  having  tem- 
peratures ranging  from  35°  to  45°  F.,  and  is  particularly  effective 
at  the  upper  ends  of  open  flumes  receiving  water  from  deep  reservoirs. 
Many  Western  types  of  algae  must  have  sunlight,  and  a  roof  over  a 
flume  appears  to  prevent  the  growth.  High  velocities  do  not  pre- 
vent it.  Abrasive  material — granite  gravel,  basalt  ravelings,  etc. — 
will  maintain  a  clean  streak,  free  from  algae  along  the  bottom  of  a 
flume  and  this  streak  will  move  to  the  inside  of  curves,  reaching  to 
the  top  edges  of  semicircular  flumes  and  well  up  on  the  sides  of  rectan- 
gular flumes.  The  growth  is  most  troublesome  in  the  clearest  of 
waters  and  is  least  so  in  muddy  waters,  owning  possibly  to  abrasion 
as  well  as  the  partial  exclusion  of  sunlight  in  the  latter.  Heavy 
coats  of  algae  and  moss  are  found  in  chute  flumes  that  have  velocities 
as  high  as  40  feet  per  second.  It  is  therefore  evident  that  no  scouring 
effect  whatever  can  be  relied  upon  from  rapidly  flowing,  clear  water. 
The  material  of  the  structure  itself  may  show  scour  when  the  growth 
does  not. 

A  bed  load  of  sand  and  gravel  traveling  with  moderately  high 
velocities  may  scour  algae  from  streaks  along  the  bottom  where  still 
greater  velocities  simply  lift  this  load  and  scatter  it  throughout  the 
water  prism,  without  causing  appreciable  scour.  This  possibility  is 
often  overlooked  in  discussions  of  scouring  velocities. 

Algae  are  combated  in  various  ways.  If  the  coating  extends  but 
a  short  distance  below  the  water  line,  the  water  surface  may  be 
lowered  for  a  few  clear  days  and  hot  sunshine  will  dry  up  the  growth 
so  it  will  drop  or  be  flushed  off  when  the  flow  is  increased,  but  it  soon 
grows  again.  If  the  whole  perimeter  of  the  flume  is  affected,  water 
may  be  turned  out  for  3  or  4  days  and  the  coat  will  dry  up  and  scour 
out  on  the  return  of  the  water. 

A  long  flume  near  Yakima,  Wash.,  was  scoured  every  few  days  by 
using  a  weighted  V  structure,  with  a  bicycle  wheel  at  the  apex, 
behind  which,  at  the  open  end  of  the  V,  was  a  set  of  rough  brushes 
fitting  the  flume  section  (6).  Tests  nos.  102  and  308  were  made 
immediately  after  a  trip  of  this  device  down  the  flume.  The  earlier 
tests  in  1921  (nos.  101  and  307)  were  made  when  the  flume  was  in 
need  of  cleaning.  The  retardation  of  the  water  is  shown  in  the 
values  of  n,  and  likewise  in  the  total  flows  (Q)  that  held  for  the 
two  tests.  In  both  cases,  the  capacity  of  the  flume  was  beinff 
crowded  to  its  utmost.    It  is  said  that  the  passage  of  water-logged 
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willow  or  other  brush  is  somewhat  effective  in  removing  algal  and 
insect  growths  from  flumes.  Patrolmen  should  accompany  the 
scrubber  or  the  brush  to  see  that  a  downstream  movement  is 
continuous. 

The  tests  on  Tiger  Creek  conduit  (nos.  39-54)  show  that  the 
influence  of  algse  was  greatest  near  the  feeding  reservoir,  and  that  but 
little  effect  was  in  evidence  some  15  miles  away.  Likewise,  the  tests  on 
reach  48,  made  in  April  1932,  in  a  flume  entirely  free  from  algse, 
may  be  compared  with  tests  made  on  the  same  reach  in  August  1931, 
at  a  time  when  the  algal  growth  was  present,  although  the  flume  had 
then  been  in  operation  for  only  about  3  months.  It  is  suggested  that 
decrease  in  flow  due  to  algal  growth  always  be  provided  for,  unless 
experience  in  the  given  locality  with  the  available  water  indicates 
that  little  effect  is  to  be  expected.  More  often  than  not  the  growth 
will  appear. 

Since  the  effects  of  algal  growth  and  insect  life  are  seasonal,  flume 
capacity  may  be  considered  in  connection  with  the  demand  or  supply 
of  water.  The  water  supply  of  a  project  without  storage  may  be 
obtained  by  direct  diversion  and  reach  its  peak  before  the  greatest 
effect  of  algse  and  insects  is  felt  so  that  the  flume  has  capacity  for  the 
reduced  amount  of  available  water  by  the  time  the  growth  has  its 
greatest  influence.  Likewise,  flumes  on  feeder  canals  serving  reser- 
voirs with  storage  rights,  as  is  frequently  the  case  in  Colorado, 
will  be  operated  during  the  nonirrigation  season,  in  months  free 
from  stages  of  algse  or  insect  life  capable  of  causing  operation 
troubles. 

Among  the  various  insects  that  affect  the  capacities  of  flumes  are 
the  caddis  fly,  common  in  the  Pacific  Northwest,  and  the  cocoons 
and  pupa  shells  of  the  black  fly  of  the  genus  Simulium  {30). 

The  caddis  fly  lays  its  eggs  in  or  above  clear,  rushing  water  of 
mountain  streams.  The  larvse  ingeniously  make  housing  cases  of 
sand  grains,  sticks,  or  pine  needles.  As  encountered  in  flumes  of  the 
Northwest,  these  cases  are  attached  to  the  flume  surface  and  are  so 
excessively  rough  and  so  numerous  that  the  value  of  n  is  raised 
from  about  0.013  to  0.015  or  more,  a  reduction  in  capacity  of  some 
15  percent.  One  species  that  is  much  in  evidence  makes  cornu- 
copia-shaped cases,  about  one-fourth  inch  in  diameter  at  the  larger 
end.  The  writer  has  found  these  so  thick  on  a  flume  wall  that  the 
hand  would  cover  20  or  more  shells  at  one  time.  The  pupal  or 
inactive  stage  of  the  life  cycle  of  the  insect  is  begun  by  the  mere 
forming  of  a  covering  over  the  opening  of  the  case.  Here  the  pupa 
remains  until  time  to  emerge  as  the  imago,  or  perfect  insect.  The 
caddis  fly  cases  may  contain  the  pupa?  all  winter;  thus  making  the 
effect  on  flume  capacity  extend  over  a  long  period. 

Several  species  of  the  2-winged  flies  (order  Diptera)  spend  their 
larval  and  pupal  stages  in  fast-flowing  water  and  during  these  stages 
are  commonly  found  in  flumes.  The  larvse  (soft  worms  without 
shell  covering)  are  found  in  great  numbers,  the  hand  possibly  covering 
50  to  100  individuals,  and  affect  the  flow  near  the  water  surface. 
The  pupal  stage  is  spent  in  large  clusters  of  jellylike,  turtle-shaped 
domes,  firmly  attached  to  the  sides  of  flumes,  in  the  most  turbulent 
flows.  These  insects  appear  to  require  both  the  moisture  and  also 
the  aeration  of  rough  water  for  survival. 
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In  the  larval  stage,  these  insects  may  be  reduced  by  brush  treat- 
ments. Withdrawing  the  water  for  a  few  days  is  but  partially  effec- 
tive. Entomologists  suggest  that  the  insects  may  be  combat  ted  at  the 
egg-laying  sta^e  by  suspending  an  oil-soaked  rope  in  the  water,  or  by 
pamting  a  strip  along  the  range  covered  by  the  water-surface  line 
with  some  asphaltum  mixture  that  would  be  a  repellent  to  the  adult 
female  when  she  attempts  to  lay  her  eggs  at  the  water  edge  of  a  flume. 
If  effective,  the  latter  method  appears  the  more  practical  of  the  two. 

PROBLEMS  IN  CAPACITY  DESIGN 

Flmne  problems  come  to  the  practicing  engineer  in  two  rather  dis- 
tinct phases:  (1)  With  reference  to  a  major  or  minor  conduit  in  a 
system  being  projected;  and  (2)  as  a  renewal  or  an  emergency  repair 
item  in  a  system  otherwise  fully  established. 

Nearly  all  capacity  problems  for  conduits  of  any  type  have  a  desired 
maximum  quantity  Q  as  a  fixed  item.  If  the  channel  slope  is  also 
fixed  a  relatively  few  trial  dimensions  based  on  a  chosen  value  of  n 
for  a  given  type  of  flume  will  yield  one  answer,  while  another  shape 
characteristic  of  another  type  of  flume  will  yield  a  different  answer. 

Usually,  in  a  project  under  office  study,  after  preliminary  field  work, 
there  is  a  reasonable  amount  of  elasticity  in  the  adjustment  of  local 
grades  and  dimensions  for  any  flume  under  consideration.  Where 
a  new  flume,  usually  of  a  different  type  and  material,  replaces  one  that 
is  worn  out  or  too  small,  the  total  fall  available  to  the  new  structure  is 
fixed  within  a  narrow  range.  It  then  remains  to  divide  this  total  fall 
into  its  component  elements  of  entry  loss,  friction  loss,  and  outlet  loss. 
When  the  flume  is  to  replace  a  washed-out  reach  of  excavated  canal, 
usually  along  a  steep  hiUside  there  appears  available  for  total  fall  only 
the  friction  loss  that  was  necessary  in  the  original  canal.  Thus,  in 
the  same  distance,  the  loss  incident  to  a  value,  let  us  say,  of  ?^  =  0.023, 
for  the  excavated  canal,  is  available  in  a  flume  structure  for  which  it 
is  decided  that  a  working  value  of  7i  =  0.014  will  be  suflicient. 

Usually  this  substitution  of  a  flume  for  an  earth  or  rock-cut  canal 
is  so  short  that  the  head  salvaged  by  improving  the  surface  is  insuffi- 
cient to  care  for  inlet  and  outlet  losses  plus  any  material  friction  loss 
incident  to  higher  velocities  in  the  flume.  The  final  results  of  study 
usually  determine  a  flume  with  velocities  increased  but  a  minimum, 
sectional  shape  changed  as  little  as  feasible,  and  the  canal  banks  above 
the  flume  structure  raised  to  allow  required  heading-up  to  overcome 
the  extra  losses  in  the  flume.  Another  way  to  develop  the  additional 
fall  required  is  to  line  the  canal  above  and  below  the  flume  structure 
for  sufficient  distance  to  salvage  head  by  the  improvement  of  canal 
surface.  As  a  rule  the  lining  is  also  required  to  stop  the  seepage  loss 
that  caused,  in  part  at  least,  the  canal  slip  which  necessitated  the  flume 
in  the  first  place. 

Replacements  of  worn-out  structures,  especially  of  old  plank  flumes, 
usually  are  based  on  a  larger  capacity.  Many  plank  flumes  were 
constructed  on  irrigation  systems  on  the  assumption  that  some  years 
must  elapse  before  peak  requirements  in  capacity  would  be  necessary 
and  by  that  time  the  original  flume  would  be  worn  out  and  a  larger 
capacity  flume  built.  Thus,  the  flume  that  has  been  taken  for  an 
example  (p.  67)  is  a  third-generation  flume,  the  sequence  being,  (1) 
a  small  wooden  box  flume,  (2)  a  larger  one  (reported  as  no.  64  in  {24)) 
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and  (3)  a  wood-stave  flume  of  large  size.  A  definite  heading  at  the 
river  and  a  definite  position  of  the  excavated  canal  below  necessitated 
the  use  of  the  original  slope  of  0.002  for  the  final  flume.  Thus,  the 
normal  velocity  in  each  succeeding  flume  was  higher  than  that  in  the 
one  preceding,  until  a  normal  velocity  approximating  the  critical  was 
finally  obtained  (p.  67). 

To  facilitate  solution  of  flow  problems  by  the  Kutter  or  Manning 
formulas  the  diagrams  in  figures  3  and  4  are  offered. 

ESTIMATE  DIAGRAMS 

Figure  3  gives  a  solution  for  general  problems  involving  the  Kutter 
formula.  The  use  is  best  explained  by  an  example.  The  dashed  lines 
show  that  in  a  channel  with  hydraulic  radius,  i?^2.6  and  with  an 
assumed  value  of  7i  =  0.015  and  a  slope  of  0.00125  the  velocity  will  be 
about  6.7  feet  per  second.  The  quantity  of  flow,  Q,  is  then  equal  to 
AV,  This  diagram  can  be  used  for  design  of  flumes  of  any  shape  and 
also  for  canal  sections  at  the  ends  of  the  flumes.  For  very  flat  slopes 
interpolate  between  guide  lines,  which  are  split  for  divergent  values 
of  n. 

Figure  4  is  offered  for  solution  of  problems  relating  to  semicircular 
flumes  with  radii  from  1  to  10  feet,  for  any  depth  from  1  foot  to  full 
depth  (equal  to  radius)  at  mid-diameter.  Depth  is  given  both  in 
feet  and  in  percentage  of  radius.  Slopes  range  from  0.0001  to  0.100, 
velocities  from  1.5  to  40  or  more  feet  per  second,  and  values  of 
Manning's  n'  from  0.008  (for  the  trajectory  in  chute  flumes)  to  0.020. 
The  Manning  formula  allowed  straight-line  values  of  n'  whereas  the 
Kutter  formula  could  not  be  drafted  in  this  form  to  give  graphical 
answers.  For  flumes  the  two  formulas  agree  closely  enough  for 
graphic  design  purposes.  Explanation  of  use  is  dashed  in  two 
examples: 

(1)  Using  the  elements  for  the  standard  example  (p.  67)  as  shown 
in  heavy  dashes: 

Enter  diagram  at  flume-radius  6.0;  thence  move  vertically  down- 
ward to  full  depth  line;  thence  horizontally  to  left  to  intersection  R 
for  full  depth  =  3.00  feet;  thence  vertically  upward  to  slope-line  jS'= 
0.002;  thence  foUow  guide  lines  to  intersection  with  n'  =  0.012,  which 
occurs  at  V=  11.6. 

Return  to  intersection  for  R  at  fuU  depth;  thence  to  the  left  to 
area,  A  at  full  depth;  thence  upward  to  base  line;  thence  indefinitely 
at  45°  (to  multiply).  ^ 

Return  to  intersection  of  n'  and  y=11.6  feet  per  second.  By  the 
scale  at  the  left  convert  "F  to  11.6  directly  above,  by  the  arrows; 
thence  to  the  right,  intersecting  the  iudefinite  45°  line  at  quantity 
Q  =  656  second-feet. 

Example  (2)  (lightly  dashed  lines)  shows  elements  for  a  no.  192 
metal  flume  with  projecting  compression  bands  for  which  a  value  of 
71  =  0.017  is  chosen.  What  are  the  approximate  elements  for  this 
flume  with  a  slope  of  0.00065  when  70  percent  (in  depth)  fufl?  In 
the  lower  right-hand  comer  enter  diagram  at  full  depth  line  for  no. 
192  flume;  thence  downward  to  70-percent  full  line.  (This  could 
also  have  been  found  for  an  assumed  equivalent  depth  of  3.6  feet, 
shown  by  the  scale  to  the  left.)  Thence  to  the  left  intersecting  R 
for  70-percent  depth  and  on  further  to  intersection  of  area,  A  for 
70-percent  depth:  thence  upward  to  base  line:  thence  draw  line  of 
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Figure  3.— Diagram  for  the  solution  of  general  prob 
intersection  of  S  and  V,  or  from  the  intersection  . 
lines,  see  page  66. 
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indefinite  length,  as  dashed,  at  45°  to  the  right.  Return  to  R  at  70- 
percent  depth;  thence  upward  to  slope  line  0.00065,  thence  follow 
guide  lines  to  7i'  =  0.017  indicating  a  velocity  of  about  3.48  feet  per 
second;  thence  downward  to  convert  V  by  scale  at  the  left  to  con- 
verted F=3.48;  thence  to  the  right  to  intersection  with  the  line  of 
indefinite  length.  This  intersection  shows  the  flow  Q  would  be  about 
88  second-feet. 

Problem  1.  To  determine  the  diameter  of  a  semicircular  flume  to 
replace  an  old  plank  flume  along  Deschutes  River,  near  Bend,  Oreg. 
The  given  elements  were  as  foflows:  Length,  L,  5,820  feet;  slope,  §, 
0.002;  quantity,  Q,  656  second-feet.  The  resulting  flume  design,  as 
determined  by  the  consulting  engineers,  called  for  a  diameter  of  12 
feet  with  water  occupying  the  complete  semicircle,  a  value  of  hydraulic 
radius,  R,  equal  to  6/4  =  3.00,  and  a  mean  velocity,  F,  of  11.6  feet 
per  second  based  on  a  selected  coeflficient  of  hydraulic  friction  (Kutter's 
n)  of  0.012.  This  particular  problem,  taken  from  actual  practice  and 
with  the  flume  finally  constructed  and  operated,  has  been  selected  by 
the  writer  for  many  reasons.  The  length  is  sufficient  to  class  the 
structure  as  a  long  flume.  The  design  and  construction  are  quite 
fully  described  in  current  literature,  available  to  the  reader  for  greater 
detail  (5).  The  section  being  a  true  semicircle  (templet  determined), 
segmental  areas  for  various  depths  are  definitely  determined.  The 
value  of  n  as  selected  was  sUghtly  more  than  the  actual  value  when 
the  flume  was  new,  as  determined  by  test  (no.  301)  in  1923.  Subse- 
quent tests  (303  to  305,  inclusive)  in  1926,  1928,  and  1931  determined 
progressive  values  of  n  with  the  growth  of  mossy  algae.  The  value 
of  V  as  computed  for  normal  flow  was  quite  close  to  the  critical.  By 
formula  (20) 

T7         Iq~^        /32.2X56.6     .^or    x  j 

Fc  =  -W  ^-jT  =  -d To =  12.3  feet  per  second 

against  a  design- velocity  of  11.6  feet  per  second.  Any  short,  reason- 
ably straight  reach  having  an  actual  value  of  n  less  than  about  0.0113 
would  develop  a  velocity  faster  than  the  critical  (fig.  7). 


DESIGN    ARGUMENT 


As  a  long  flume,  the  sectional  dimensions  can  be  developed  for  a 
normal  flow  without  regard  to  details  of  water  levels  above  and  below 
the  flume.  Likewise,  as  a  long  flume  the  energy  slope  has  the  same 
rate  as  the  bottom  slope.  After  computing  the  dimensions,  the 
water-surface  line  of  the  flume  at  maximum  capacity  can  be  placed 
vertically  in  the  scheme  of  levels  to  allow  for  proper  entry  loss,  for 
the  increase  in  velocity  from  earth  canal  to  circular  flume,  and  for 
recovery  of  velocity  head  at  the  outlet  of  the  flume.  Only  in  recent 
years  has  it  been  customary  to  assume  recovery  of  any  considerable 
portion  of  the  velocity-head  differential. 

In  the  design  of  this  structure,  the  consultants  used  n  =  0.012  for 
both  metal  flume  and  for  creosoted-stave  flume.  As  shown  in  plate 
13, A,  the  alignment  follows  the  usual  sinuosity  of  a  large  mountain 
stream.  In  1923  the  writer  would  probably  have  used  the  same 
value  of  n.  With  the  present  understanding  of  these  structures,  a 
value  of  71  =  0.013  as  recommended  on  page  54  would  be  selected  pro- 
vided periodic  cleaning  of  algae  growth  was  anticipated.     Without 
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such  maintenance  a  value  of  0.014  (p.  54)  would  be  conservative  for 
both  treated  fir  and  painted  metal.  Even  this  design  might  require 
occasional  restoring  of  the  original  flume  surface. 

DESIGN    PROCEDURE 

Open-channel  sizes  are  finally  determined  after  many  trials  and 
adjustments.  Using  formula  2  or  tables  (31)  with  the  value  of 
71  =  0.012  as  chosen  by  the  consultants,  table  5  is  now  set  up  showing 
the  possibilities. 


Table  5.- 


■Trial  tabulation,  by  solution  of  Kutter's  formula,  for  conveyance  of 
water  by  large  flumes,  problem  1 


WOOD-STAVE  FLUMES 


Number 
= length 
of  sheet 

Diameter 

n 

Area 

A 

Hydr. 

Rad. 

R 

Velocity 

Q^n^tit. 

Velocity 

head 

h 

Critical 

head 

he 

Critical 
velocity 

Inches 

Feet 
10.0 
10.5 
11.0 
11.5- 
12.0 
12.5 
13.0 

43.30 
47.52 
52.00 
56.60 
61.35 
66.35 

Feet 
2.5 
2.62 
2.75 
2.88 
3.0 
3.12 
3.25 

Feet  per 
second 
10.4 
10.7 
11.0 
11.3 
11.6 
11.9 
12.2 

Sec.-ft. 
409 
463 
523 
588 
657 
730 
810 

Feet 
1.68 
1.78 
1.88 
1.98 
2.09 
2.20 
2.31 

Feet 
1.96 
2.06 
2.16 
2.26 
2.36 
2.45 
2.55 

Feet  per 
second 
11.23 
11.51 
11.79 
12.06 
12.32 
12.55 
12.81 

METAL  FLUMES 

240 
252 

12.73 
13.37 

53.  96            3.  07 
59.  49            3.  22 

11.46 
11.75 

618 
699 

2.04 
2.15 

2.14 
2.24 

11.72 
12.01 

The  elements  for  the  stave  flumes  are  based  on  the  use  of  the  full 
half  circle  for  the  water  section,  with  freeboard  added  in  the  form  of 
additional  arcs  of  the  circle  above  the  middiameter.  For  the  metal- 
flume  design,  the  elements  must  be  revised  as  the  construction  is  based 
on  the  full  length  of  the  metal  sheet  being  equal  to  the  semicircum- 
ference  with  the  edges  set  at  middiameter  points.  This  requires  the 
freeboard  to  be  deducted  from  the  middiameter  depth.  Likewise, 
the  water  section  takes  a  form  approaching  that  of  the  hydrostatic 
catenary,  which  is  somewhat  less  than  that  of  the  true-circular  sec- 
tion, for  full  water  depth.  The  trial  figures  in  table  5  are  based  on  a 
freeboard  of  0.06  D.  For  the  metal  flumes,  if  a  freeboard  of  0.06  D 
be  used,  the  figures  can  be  taken  directly  from  the  catalog  of  the 
manufacturers. 

The  foregoing  discussion,  together  with  a  glance  at  figure  1,  brings 
out  the  point  that  stave  flumes  and  metal  flumes  must  be  computed 
for  slightly  different  conditions.  The  stave  flume  uses  the  full  half 
circle  for  the  water  prism,  with  additional  arcs  above  the  mid- 
diameter for  the  freeboard.  The  metal  flume  includes  the  freeboard 
under  the  middiameter  fine.  Hence,  the  metal  flume  takes  a 
nominaUy  larger  diameter  than  the  stave  flume,  although  the  lengths 
of  the  perimeters,  including  freeboard,  are  about  the  same. 

Reference  to  table  5  for  the  metal  flume  shows  that  a  no.  240  flume 
is  too  small,  and  the  next  larger  size  will  carry  more  than  the  design 
Q^  of  656  second-feet.  For  stave  flumes,  the  12-foot  flume  (as  finally 
constructed)  will  carry  657  second-feet  at  a  mean  velocity  of  11 .6  feet 
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per  second,  while  the  critical  velocity  for  the  same  water  prism  is 
12.3  feet  per  second.  These  are  quite  close  together  so  a  very  small 
difference  between  the  computed  and  the  actual  values  of  n  might 
cause  the  water  to  fluctuate  between  the  streaming  stage  and  the 
shooting  stage.  This  has  actually  occurred  with  flows  much  less 
than  the  design  Q.     (See  p.  85.) 

Instead  of  resorting  to  tables  and  computations  for  the  solution 
of  general  problems  in  uniform  flow  or  of  short  reaches  assumed  as  in 
unSorm  flow,  it  is  feasible  to  make  rapid  approximate  solutions  by 
means  of  the  diagram  for  the  solution  of  Kutter's  formula  on  figure  3 
or  the  diagram  showing  solutions  by  the  Manning  formula  for  all 
necessary  depths  of  water  in  a  wide  range  of  sizes  of  semicircular 
flumes,  shown  on  figure  4.     (See  p.  66.) 

For  figure  3,  given  any  three  of  the  usual  elements,  S,  V,  R,  and 
n  the  value  of  the  fourth  element  is  determined.  On  figure  4  the 
best  procedure  is  to  select  a  trial  size  of  flume  with  an  assumed  free- 
board and  trace  out  the  velocity  and  quantity  of  flow  for  assumed 
values  of  *S'  and  n.  In  the  descriptive  notes  under  figure  4  the 
example  given  in  the  text  above  is  traced,  following  lines  dashed  in 
the  diagram.  These  illustrations  can  also  be  used  in  tracing  back- 
water and  drop-down  curves  as  tabulated  on  pages  77  and  78,  and 
used  to  show  the  application  of  certain  characteristic  curves,  applying 
to  the  lower  ends  of  long  flumes  and  perhaps  throughout  the  lengths 
of  short  ones. 

With  the  hydrauHc  elements  of  the  flume  determined,  it  remains  to 
set  the  flume  in  vertical  position  in  regard  to  the  canal  sections  at 
the  two  ends.  This  wdll  be  illustrated  by  the  elements  at  the  inlet 
transition. 

ENTRY  TRANSITION 

The  reader  is  referred  to  comments  on  entry  transitions  on  page  12 
before  proceeding  as  follows:  For  flume  velocities  of  about  8  feet  per 
second  or  less,  the  cylinder  quadrant  inlet  shown  on  plates  5  and 
8,  A,  has  been  found  to  work  very  well.  However,  for  the  flume 
velocity  of  11.6  feet  per  second  with  a  velocity-head  drop  of  more 
than  2  feet,  it  would  be  advisable  to  develop  a  smooth  transition 
along  the  fines  laid  down  by  Hinds  (14  V- 1437). 

The  flume  used  for  the  example  thus  far  did  not  have  an  inlet 
transition.  For  any  simple  inlet,  such  as  the  cyfinder  quadrant,  the 
position  of  the  flume  bottom  can  be  determined  as  outlined  below: 

Regardless  of  the  type  of  inlet  or  method  of  developing  the  transition 
section,  the  following  steps  outUne  the  procedure  for  determining  the 
vertical  position  of  the  inlet  elements:  In  the  following  tabulation 
note  that  the  actual  inlet  loss  is  relatively  small  and  the  flume 
velocity -head  is  carried  in  the  energy  content,  d  +  h,  throughout  the 
structure. 

In  terms  of  Bernoulli's  theorem,  including  loss,  as  given  in  formula 
15,  ko-\-do-^ho  =  ki-\-di-hhi-\-he,  (i  e.,  entry  loss  including  friction). 
As  handled  in  the  following  computations,  in  terms  of  elevations  and 
elements;  kQ-\-do-\-ho-h9  —  hi  —  di=ki. 
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Fed, 

Assume  elevation  of  bottom  of  canal  at  transition  inlet,  /co 95.  000 

Assume  depth  of  water  in  canal  at  transition  inlet,  do 5.  000 

W.S.  elevation  in  canal  at  transition  inlet,  for  design  Q' 100.  000 

Velocity  head  (for  mean  velocity  in  canal  of  4.00  feet  per  second)  =/io--       0.  249 

Elevation  of  energy  line  at  transition  inlet,  Eq 100.  249 

Velocity  head  for  F=11.6  in  flume 2.  092=/ii 

Velocity  head  for  V=  4.0  in  canal .  249  =  ^o 

Increment  of  velocity  head ^ 1.  843=AJ^ 

Loss  of  head  in  inlet,  assumed  as  0.1A^=^e 0.  184 

Elevation  of  energy  line  at  inlet,  flume  proper,  Ei 100.  065 

Velocity  head  for  F=11.6  in  flume,  hi 2.  092 

Elevation  of  water  surface,  W.S.  at  inlet,  flume  proper 97.  973 

Maximum  depth  in  center  of  flume  at  inlet,  flume  proper,  dx  = 6.  000 

Elevation,  invert  or  inside  bottom  of  flume,  upper  end,  =A;i  = 91.  973 

THE  CYLINDER-QUADRANT  INLET 

As  a  substitute  for  the  square  inlet,  the  angular-winged  inlet  and, 
in  most  cases,  for  the  expensive  warped  inlet,  the  cylinder-quadrant 
inlet  is  offered.  Developed  in  laboratory  tests,  this  type  has  been 
placed  in  field  service  in  enough  flume  installations  to  prove  its  effi- 
ciency. As  shown  in  plate  5  and  plate  8,  A,  this  transition  structure 
is  essentially  a  pair  of  circular  wings,  tangent  to  the  fliune  sides  and, 
for  earth  canals,  extending  into  the  banks  as  cut-off  walls  after  curving 
through  a  quarter  turn  to  meet  the  sides  of  the  canal.  The  wings 
are  simple  vertical  walls,  easily  formed  with  sheet  metal  or  even  narrow 
boards.  If  many  flumes  on  one  project  are  to  be  served,  metal  forms 
can  be  used  over  and  over,  even  with  different  curvatures.  The 
vertical  elements  of  the  walls  are  allowed  to  intersect  the  floor  and  the 
side  slopes  of  the  canal  unmodified  with  the  exception  given  below. 
For  flume  velocities  up  to  about  5  feet  per  second,  a  wing-curve 
tangent  to  the  flume  proper  with  a  radius  equal  to  the  diameter  of  the 
flume,  is  satisfactory.  The  point  of  tangency  at  the  high-water  line 
of  the  flume  rather  than  the  top  edge  of  the  flume  gives  the  better 
surface.  For  velocities  above  5  feet  per  second,  a  short  straight 
reach  between  the  wing  tangents  and  the  flume  proper  is  suggested. 
This  reach  should  be  filled  in,  or  ''padded"  with  concrete  so  as  to  form 
fillets  in  the  corners  and  change  shape  of  prism  from  a  rectangle  to 
that  of  the  flume. 

For  the  higher  velocities,  the  writer  believes  the  warped  transition 
described  by  Hinds  {H)  is  more  certain  to  give  satisfaction.  How- 
ever, the  hydraulics  of  the  quadrant  inlet  can  be  studied,  using  various 
radii  and  various  assumptions  for  bottom  transition. 

In  table  6  are  given  the  essential  hydraulic  data  for  an  inlet  of  this 
type  without  straight  section  for  the  example  flume  (p.  67),  in  order 
to  show  that  the  usual  conditions  presented  do  not  greatly  conflict 
with  accepted  hydraulic  requirements.  In  this  example  it  is  to  be 
noted  that  the  velocity  is  increased  from  4.00  in  the  canal  to  11.6  in 
the  flume.  This  involves  a  higher  flume  velocity  than  is  recona- 
mended  as  a  tentative  Hmit  for  this  type  of  inlet.  The  drop  in  Z  is 
too  rapid  near  the  flume  proper,  showing  the  necessity  for  a  straight 
reach  beyond  the  canal  wings. 
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Table  6. — Hydraulics  of  cylinder  quadrant  inlet  for  semicircular  flume  for  a  floio 
of  656  second-feet  with  C«  assumed  as  0.10;  diameter  as  12  feet 

[Canal  elements  assumed:  6=28  feet;  d»5feet;  a= 164  square  feet;  sideslopes=l  to  1;  r=4.00  feet  per  second: 
ft -0.249  feet;  W.S.  at  100.000  feet.  Flume  elements:  center  depth  6  feet;  a -56.65  square  feet;  »=11.6  feet 
per  second;  ft=2.092  feet;  AA  =  1.843  feet.    Total  drop  in  Z=l.l  A/i=2.028  feet] 


Line 


Item 


Value  of  items  at  distance  L  from  0.00  of  inlet  transition 


Canal 


Transition 


Flume 


L,  feet 

Width  T  (scaled) 

g=656/T. - 

d  (taper  from  5  feet  to  6  feet) . 

a=Td  (preliminary) 

a  (after  padding) 

r=656/a  (6) 

A 


0 
38.00 


5.00 


H=d+/»  =  (4)+(8)... 

Z  (as  given) 

hf=LS  (assumed) 

E=Eo-(n)  =  Zo+ho-(n). 

k=E-H=  (12) -(9) 

Z  (as  developed)  =  E-h.. . 


4.00 
.249 
5.25 
100.000 

0 
100.249 
95.000 
100.000 


2 

22.7 

28.9 

5.17 

117.4 

117.4 

5.59 

.49 

5.66 


4 

18.1 
36.2 
5.33 
96.6 
96.6 
6.80 
.72 
6.05 
(1. 1AA=2.028)  =  . 


6 

15.2 
43.2 

5.50 
83.6 
83.6 

7.84 
.96 

6.46 


13.4 

49.0 

J.  67 

76.0 

174.6 

8.79 

1.20 

6.87 


12 
12.0 


.02 

.05 

.07 

.09 

.14 

100.23 

100.20 

100.18 

100.16 

100.11 

94.57 

94.15 

93.  72 

93.29 

92.72 

99.74 

99.48 

99.22 

98.96 

98.55 

6.00 
56.55 
56.65 
11.6 
2.092 
8.092 
97.  972 
.184 
100.065 
91. 973 
97.972 


•  Between  points  6  and  12  the  area  as  in  line  5  is  "padded"  with  concrete  to  increase  velocity  in  steady 
taper  from  point  6  to  point  12.  This  padding  likewise  shapes  the  bottom  from  the  rectangle  at  point  6  to 
the  circle  at  the  inlet  of  the  flume  proper. 

For  problems  similar  to  this  in  which  the  total  energy  content  H 
must  be  separated  into  its  component  parts,  d  and  h,  and  which  permit 
of  using  ^instead  of  Q,  as  in  the  case  of  a  rectangular  prism,  the  curves 
given  in  figure  5  are  offered.  To  illustrate:  50  second-feet  per  foot  of 
width,  with  a  total  energy  content,  H  =6.70  feet,  will  flow  3.28  feet 
deep  at  shooting  stage,  or  5.3  feet  deep  at  streaming  stage.  Critical 
depth  comes  at  dc  =4.27  feet,  more  or  less.  The  difference  between 
depth,  d,  and  6.70  is  equal  to  the  velocity-head,  h. 

Problem:  Compute  a  warped  inlet  transition  for  our  example  flume, 
with  canal  and  flume  properties  as  listed  at  the  head  of  table  6. 
Assume  the  water  surface  as  following  two  identical  parabolas; 
reversing  curvature  at  half  the  length  of  the  transition.  Assume  the 
inlet  loss,  including  friction,  to  be  0.1  A/i,  as  in  table  6.  Thus  the  total 
fall  in  the  water  surface  will  be  2.028  feet.  The  first  parabola  will 
take  half  of  this  drop.  For  intermediate  points  the  drop  will  be 
proportional  to  the  square  of  the  distance  from  the  beginning.  After 
the  first  curve  has  been  developed,  the  same  increments  of  drop  are 
used,  in  reverse  order,  for  the  second  curve.  The  essential  computa- 
tions are  listed  in  Table  7.  Complete  data  and  explanations  for  such 
transitions  were  first  developed  by  Julian  Hinds  {H^  p.  H37).  In 
this  article  Mr.  Hinds  points  out  that  the  hydraulics  of  the  structure, 
excluding  friction,  are  satisfied  when  the  local  areas  have  been 
obtained.  He  computes  the  local  friction  losses  as  separate  items. 
The  total  length  of  transition  assumed  is  slightly  greater  than  that 
necessary  to  satisfy  Mr.  Hinds'  suggestion  of  an  angle  of  12°30" 
between  the  axis  of  the  channel  and  the  line  joining  the  water  edge 
in  the  canal  to  that  in  the  flume  at  design-depth. 

After  computing  the  areas  fline  5)  any  combination  of  depth  and 
average  width  that  will  satisfy  the  local  area,  is  possible.     The  writer 
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chose  the  local  depths  (line  6)  as  steadily  increasing  from  5  feet  in  the 
canal  to  6  feet  in  the  flume.  This  yields  average  widths  as  given  in 
line  7.  The  profile  of  the  bottom  and  the  shape  of  the  average  width 
curve  were  then  platted  and  showed  satisfactory  curves.     From  the 

Water    depth,  d    ^feet) 


1-to-l  side  slopes  of  the  canal,  any  warping  of  the  sides  that  maintains 
the  average  width  as  computed  and  which  blends  with  the  curve  of 
the  flume  entrance,  will  satisfy  the  problem.  As  the  flume  inlet  is 
approached  the  warp  may  attain  a  vertical  wall  with  the  bottom 
rounded  to  conform  to  the  projected  elements  of  the  flume  proper. 
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Table  7. — Computations  for  toarped  inlet  with  reversed  parabolas  for  surface  curves 


Item 

Stations 

Line 

0.00 

0+7.5 

0+15 

0+22.5 

0+30 

0+37.6 

0+45 

0+52.5 

0+60 

Canal 

Transition 

Flume 

, 

AW.S.=drop  inZ 
AA-(1)-T-1.1 

0.063 
.057 
.306 

4.43 
148.0 

6.126 

29.0 
99.937 
94. 812 

0.267 
.234 
.483 

5.67 
117.8 

6.260 

22.44 
99.743 
94. 493 

0.570 
.518 
.767 

7.02 
93.4 

6.375 

17.38 
99.430 
94.  055 

1.014 
.922 
1.171 
8.68 
75.6 
6.60 

13.76 

98.986 

93.486 

1.458 
1.325 
1.674 

10.06 

65.2 
5.626 

11.59 
98.  542 
92.  917 

1.771 
1.610 
1.859 

10.94 

60.0 
6.75 

10.43 
98.229 
92.  479 

1.965 
1.786 
2.035 

11.44 

67.3 
6.875 

9.75 
98. 035 
92.160 

2.028 

2 

1.844 

3 

/l=0.249+M 

2.093 

4 

6 
6 
7 

rfor/»in(3) 

Area,  a  =  Q-i-v 

d,  pro-rated 

Av.   width = (6) -h 
(6) 

4.00 
164.0 
5.00 

32.8 
100.000 
95.000 

11.60 
56.6 
6.00 

8 
g 

Z=100.000-AW.S 
k=Z-d 

97. 972 
91. 972 

OUTLET  TRANSITION 


It  is  suggested  that  the  reader  review  the  comments  on  Outlet 
Losses  on  page  14.  The  outlet  transition  actually  built  for  the 
flume  in  our  problem  (p.  67)  is  shown  in  plate  6,  A.  Here  the 
velocity  was  reduced  from  nearly  11  feet  per  second  to  about  5.5  in 
the  lined  section  of  canal  below.  The  type  having  flaring  wing  walls 
intersecting  the  line  of  the  flume  at  30°  is  common  and  quite  satis- 
factory. 

A  recovery  of  66  percent  of  Ah  was  accomplished  in  this  structure. 
However,  it  is  possible  that  a  recovery  of  about  80  percent  would 
have  been  made  with  a  transition  as  developed  by  Hinds  (14,  p.  Hil.) 

Example:  The  data  given  and  table  8  represent  the  results  of  com- 
putations for  a  metal  flume  outlet,  modifying  the  outline  by  Mr. 
Hinds.  The  hydraulic  properties  assumed  were  as  follows:  A  size 
96  metal  flume:  Q  =  50.8  second-feet ;  A  =  8.63  square  feet ;  diameter  = 
5.093;  (f  =  2.24;  F=5.89;  A<  =  0.539.  In  canal,  <?  =  50.8  second-feet; 
6  =  5.0  feet;  g?  =  2.5  feet;  F=2.32  feet  per  second;  /i  =  0.84  foot;  side 
slopes  V/2  to  1. 

The  outlet  transition  is  designed  on  the  assumption  that  0.8A/i  = 
0.364  foot  will  be  recovered  and  but  0.2A^,  includmg  friction,  will  be 
lost.  This  design  called  for  a  structure  of  the  same  length  as  the  one 
developed  for  the  inlet  transition.  Since  it  is  well  known  that  flow 
may  be  accelerated  more  abruptly  than  it  can  be  decelerated; 
wherever  possible,  the  outlet  transition  should  be  longer  than  the  inlet 
and  especially  where  a  maximum  recovery  of  velocity  head  is  needed. 
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Table  8. — Computations  for  warped  outlet  transition,  with  reversed  parabolas  for 

surface  curves 


Line 


Item 


Station 


0+00 


Flume 


0+03.5 


0+07 


0+08.75 


0+10.5    0+14.0 


Transition 


0+17.5 


Canal 


AZ=rise  in  surface 

A/i  =  AZ/0.8 

/i=0.539-A/i 

Mean  velocity,  v 

Area=Q/p=50.8/p=a 

0.5  b  (assumed) 

d  (assumed) 

Average  width=ff/rf 

0.5  surface  width=0.5  T. 

0.5  T-0.5  b 

Side  slopes:  1 

Z=142.03+(l) 

k  (not  smooth) 

k  (rGviscd)  __ 

Height  of  walY (top =143^39) ." .".'.. 

(15)X(11) 

0.5  width  of  top  of  walls=  (16) +(6). 


0 
0 

0.539 
5.89 
8.63 
(0 
2.24 


2.55 

(0 

(0 

142.  03 

139.  79 

139.  79 


0.030 

.038 

.601 

6.68 

8.94 

(0 

2.24 

3.99 

2.41 

(0 

0) 

142.06 

139.  82 

139.  82 

3.57 


2.65 


2.41 


0.018 
.148 
.393 
5.03 
10.10 
2.27 
2.24 
4.51 
2.27 
0 
0 
142. 15 
139. 91 
139.  87 
3.52 


2.27 


0.182 

.228 

.311 

4.47 

11.36 

2.31 

2.33 

4.88 

2.59 

0.28 

.12 

142.  21 

139.88 

139.  89 

3.50 

0.42 

2.73 


0.246 

.308 

.231 

3.86 

13.16 

2.35 

2.34 

5.62 

3.34 

0.99 

.415 

142.28 

139. 94 

139.  89 

3.50 

1.45 

3.80 


0.334 

.418 

.121 

2.79 

18.  21  . 

2.42 

2.46 

7.40 

5.12 

2.70 

1.10 

142.  36 

139.90 

^39.89 

3.50 

3.86 

6.27 


0.364 

.455 

.084 

2.32 

21.90 

2.50 

2.50 

8.76 

6.34 

3.84 

1.50 

142.  39 

139.  89 

139.  89 

3.50 

6.25 

7.75 


1  Pad  outlet  in  first  7  feet  from  circle  to  rectangle  with  fillet  radii  of  2.55  at  0+00;  of  2.08  at  0+03.50;  and 
of  0  at  0+07.0. 

Example:  A  critical-flow  flume  for  maximum  capacity  in  a  short 
bypass  around  a  dam  under  construction. 

This  example  includes  possibilities  at  critical,  streaming,  and 
shooting  velocities.  These  conditions  have  been  discussed  exten- 
sively for  some  15  years,  but  the  conditions  developing  one  or  another 
of  these  flows  are  but  little  understood  by  many  engineers  otherwise 
generally  familiar  with  flow  formulas.  They  can  be  made  clear  in  a 
single  problem  that  arises  frequently  in  flume  design. 

Problem:  The  most  efficient  rectangular  box  flume  is  required  to 
bypass  a  river  around  a  dam  under  construction:  length  of  flume  to 
be  500  feet;  maximum  flood  anticipated  around  1,000  second-feet; 
high-water  line  in  the  forebay  formed  by  the  upper  cofferdam  to  be  at 
elevation  100.00;  the  floor  of  the  flume  at  the  intake  end  to  be  at 
about  elevation  94.00.     Assume  Kutter's  7i  =  0.014. 

Since  the  water  in  the  forebay  is  pooled  (practically  without  ve- 
locity) the  still-water  surface  is  on  the  energy  line,  E.  Therefore,  at 
the  upper  end  of  the  intake  assume  we  have  100.00  —  94.00  =  6.00  feet 
available  for  energy  content  d+h.  Table  9  is  set  up  to  show  the  flows 
that  would  be  discharged,  per  foot  of  intake  width,  for  distributions 
of  the  energy  content  6.00  feet  into  various  combinations  oi d+h  that 
always  total  6.00.  If  d  =  0.00,  h  =  6.00  and  the  discharge  would  be 
0.00  as  there  would  result  a  high  velocity  but  no  depth  and  hence  no 
area  and  no  discharge.  If  d  =  Q.OO,  again  there  would  be  no  discharge 
since  h  =  0.00  and  hence  y=0.00.  However,  for  all  distributions  be- 
tween these  two  there  is  both  depth,  d,  and  velocity  head,  h,  so  there 
must  result  some  area  of  section,  a,  some  velocity,  v,  and  some  flow 
quantity,  Q.  The  figures  in  each  column  in  table  9  result  from  the 
preceding  data. 
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Table  9. — Data  for  Q-curve,  per  unit  width  of  rectangular  channel,  for  energy 
content  H=d+h= 6.00  feet 


d 

h 

F 

a 

Q.w 

0 

6 

19.64 

0 

0 

1 

5 

17.93 

1 

17.93 

2 

4 

16.04 

2 

32.08 

3 

3 

13.89 

3 

41.7 

3.6 

2.50 

12.68 

3.50 

44.4 

3.9 

2.10 

11.62 

3.90 

45.3 

4.0=de 

2.00=/lc 

11.34=F, 

4 

45.4=Q« 

4.5 

1.50 

9.82 

4.50 

44.2 

5 

1 

8.02 

5 

40.1 

5.5 

.50 

5.67 

5.50 

31.2 

5.9 

.10 

2.54 

5.90 

15 

6 

.00 

0 

6 

0 

The  following  argument  will  introduce  the  reader  to  the  use  of 
Q  curves.  Referring  to  figure  6,  at  the  cross  section  under  considera- 
tion— in  the  example  at  the 

flume  intake — erect  a  verti-         J^  i^iine-^ 

cal  E  k  on  large-scale  cross-         '  I    -k>      Li  ^      \l 

section  paper.  For  the  vari- 
ous values  of  d  as  ordinates 
plat  Q  as  abscissas.  The 
resulting  Q  curve  passes 
through  a  maximum  at  a 
depth  of  4  feet.  This  is  at 
critical  depth,  dc-  Note 
that  it  comes  at  two  thirds 
H  where  H  is  the  total  en- 
ergy content.  Therefore  the 
required  flume  intake  to 
carry  maximum  flow  has  a 
capacity  of  45.4  second-feet 
per  foot  of  width,  q,  with  4 
feet  of  energy  content  uti- 
Uzed  in  water  depth  and  2 
feet  in  velocity  head.  The 
total  width  of  intake  would 

,      Q     1,000      oor.^-     ^       T 
be  —  =   '    A  =  22.0  feet.     In 
q      45.4 

order  that  advantage  may 
be  taken  of  the  maxi- 
mum capacity  through  this 
intake  at  critical  depth,  the 
structure  just  beyond  the 
intake  must  be  able  to 
carry  the  water  at  critical  velocity  or  faster. 

Table  10  has  been  prepared  to  show  the  uniform-flow  possibilities 
of  several  flume  sections  that  can  be  used:  The  given  requirements 
are:  Q=  1,000;  7i=  (assumed)  0.014;  L  =  500  feet;  slope  elastic  for  a 
short  flume.  Elements  except  slope  are  assumed  for  the  necessary 
quantities  and  S  is  detminined,  by  reference  to  figure  3,  to  satisfy  the 
other  elements. 


(second -feet) 


Figure  6.— The  Q  curve,  showing  the  distribution  between 
depth,  d  and  velocity  head  h  for  any  particular  flow  less 
than  critical  flow  Qr  for  any  given  value  of  //,  which  is 
the  difference  in  vertical  elevation  between  the  energy  line 
and  the  bottom  of  channel  at  any  particular  station.  Such 
a  curve  can  be  developed  for  a  whole  channel  as  well  as  for 
unit  flow.  For  still  water  W.  S.  and  E  are  at  the  same 
elevation. 
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Table  10. — Trial  set-ups  for  short  flumes  to  carry  1,000  second-feet 


Flume  symbol 

Width 
T 

Depth 
d 

Area 
A 

Perim- 
eter 

P 

Hy- 
drau- 

lic 
radius 

R 

Slope 

Veloc- 
ity 

V 

Veloc- 
ity 
head 

h 

Flow 

per 

foot  of 

width 

<i 

Critical 
veloc- 
ity 

Vc 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

(a) 

Feet 
•22 
12 
16 

Feet 
4 
6 

8 

72 
128 

Feet 
30 
24 
32 

Feet 
2.93 
3.00 
4.00 

Feet  per 

foot 

0.0027 

.0038 

.00087 

Feet  per 
second 

11.34 

13.9 

7.82 

Feet 

2.00 

3.00 

.951 

Second- 
feet 
45.4 
83.4 
62.5 

Feet  per 

second 

11  34 

6)::  :::::::::::: 

13.89 

(c)    

16  04 

If  flume  (a)  at  the  same  width  as  the  intake  be  continued  as  a 
critical  flow  structure,  a  slope  of  0.0027  would  maintain  a  constant 
depth  of  4  feet  to  the  brink  at  the  outlet  end.  To  make  final  deter- 
mination of  the  elevation  of  the  flume  bottom  at  the  inlet  the  entry 
loss  must  be  computed.  This  will  be  equal  to  Ce^h  where  Ce  =  0.15, 
including  friction;  therefore  the  total  entry  loss  will  be  computed  as 
he  =  0.15Ah,  or  /ie  =  0. 15X2.00  =  0.30  foot.  The  total  drop  in  water 
surface  would  be  (1 +Ce)A/i=  1.15X2.00  =  2.30  feet.  If  the  floor  of 
the  intake  is  set  at  93.7,  2.3  feet  is  devoted  to  entry  loss  and  the 
development  of  a  velocity  of  11.34  feet  per  second. 

Flume  (6)  would  require  an  additional  drop,  just  below  the  intake 
end,  sufficient  to  increase  the  velocity,  V,  from  11.34  to  13.9  or 
AA,  =  3.00 -2.00  =  1.00  (column  9,  table  10).  This  extra  drop,  plus 
friction  loss,  would  be  put  into  the  upper  end  of  the  flume  while  the 
width  is  decreasing  from  22  to  12  feet.  Thereafter  a  slope  of  0.0038 
would  maintain  flow  at  critical  depth  (shown  by  conformity  of  col- 
umns 8  and  11)  to  the  end  of  the  structure. 

Flume  (c)  would  have  a  normal  depth,  g?„,  of  8  feet,  with  normal 
velocity  less  than  critical,  so  a  definite  control  would  take  place  at 
the  outlet  brink  where  critical  depth  would  hold.  Reference  to 
figure  5  shows  that  critical  depth  in  a  rectangular  channel,  dc,  =  5  ± 
for  g'  =  62.5.  Since  this  is  much  less  than  dn  =  S  feet,  there  would  be 
a  drop-down  curve  extending  upstream  from  dc  at  the  brink.  Under 
this  curve  the  depth  is  between  dc  and  dn  which  is  wholly  in  a  zone  of 
streaming  velocities.  However,  it  is  seen  that  the  water  is  to  enter 
the  flume  at  critical  depth  with  a  width  of  22  feet  and  this  width  is  to 
be  narrowed  to  16  feet.  Use  of  figure  5  would  show  the  rate  of  nar- 
rowing so  that  critical  depth  could  be  continuaUy  maintained,  in 
theory,  to  the  entrance  of  the  16-foot  flume  proper.  The  flow  might 
then  go  through  the  hydraulic  jump  to  approach  dn.  Such  a  flume 
would  be  uncertain  in  its  action  and  is  not  recommended. 

It  is  well  to  reiterate  that  critical  flow  conditions  can  be  used  for 
short  flumes  but  are  not  advisable  for  long  ones.  Having  developed 
the  maximum  flow  that  can  be  discharged  for  the  given  stage  in  the 
pool,  suppose  the  flume  beyond  the  intake  has  such  dimensions  and 
slope  that  it  can  carry  but  25  second-feet  per  foot  of  intake  width. 
For  the  same  pool  stage,  reference  to  the  Q  abscissa  of  the  Q  curve  in 
figure  6  shows  that  25  second-feet  will  flow  through  the  intake  at  a 
depth  of  5.7  feet  with  0.3  foot  invested  in  velocity  head  (again 
5.7  +  0.3  =  6.00  feet).     Note  that  this  point  on  the  Q  curve  is  above 
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the  apex.  All  such  points  indicate  flow  at  the  low-velocity  or 
streaming  stage.     Directly  below  Q  =  25  for  the  streaming  stage  is 

=  25  for  a  depth  of  1.43  feet  and  a  velocity  head  of  4.57  feet  (again 
+  h  =  H  or  4.57  +  1.43  =  6  feet).  This  flow  would  be  at  shooting 
stage.  If  the  structure  beyond  the  intake  could  carry  25  second-feet 
at  the  shooting  stage,  i.e.,  as  a  chute,  the  intake  would  not  restrict 
its  flow  to  25  second-feet  at  the  shooting  stage  but  would  build  up  a 
discharge  to  the  maximum  of  45.4  second-feet  and  perhaps  overflow 
the  walls  of  the  flume  at  some  lower  point. 

Problem.  Determine  the  elements  of  a  backwater  curve  with 
design  Q',  with  a  normal  depth  of  6  feet,  checked  so  as  to  make  a 
depth  of  7.2  feet  at  the  extreme  lower  end  of  the  flume. 

The  detailed  computations,  given  in  table  11,  are  based  on  formula 
18  (p.  17).  The  total  change  in  depth  from  7.2  feet  back  upstream 
to  the  normal  depth  of  6.0  feet  is  divided  into  several  steps  and  the 
functions  entering  the  Kutter  formula,  R,  V,  and  S,  are  developed  for 
the  mean  of  the  various  steps,  assuming  a  uniform  flow  through  the 
particular  step.  As  in  problem  1,  (p.  67),  the  basic  elements  for 
this  problem  include:  ^  =  656  second-feet;  s  =  0.002  foot  per  foot  of 
length;  and  n  =  0.012.  It  is  to  be  remembered  that  s  is  the  bed  slope, 
and  S  is  the  energy  slope  necessary  to  maintain  flow  for  the  mean 
elements  as  they  are  developed.  The  total  length  as  given  in  the 
tabulations  is  always  short  of  the  actual  length,  the  backwater  curve 
becoming  asymptote  to  the  normal  surface.  Thus  the  total  back- 
water curve  can  be  taken  as  some  1,300  feet  in  length.  The  resulting 
curve  is  shown  in  the  profile  view  in  fi^re  8.  Reference  to  Bakh- 
meteff  (4)  shows  other  curves  that  might  be  included  on  such  a 
profile  for  special  flow  conditions. 

Table  11. — Backwater  curve  development  for  example  fiume  described  on  page  67, 
from  limiting  depth  of  7.2  at  outlet  back  to  normal  depth  of  6.0,  with  bed  slope 
8=0.002  foot  per  foot 


Depth 

Area 
a 

Hy- 
draulic 
radius 
r 

ve- 

V 

Ve- 
locity 
head 
h 

Energy 
con- 
tent 

Average  for  reach  L 

Change 
in// 
AH 

s-S 

Local 
length 
A//_ 
s-S 
L 

Cumu- 
lative 

r 

V 

S 

Feet 
7.20 

Square 
7o!85 

Feet 
3.33 

Feet 

per 

second 

9.26 

Feet 
1.333 

Feet 
8.533 

Feet 

Feet 

per 

second 

Foot 

Feet 

Feet 

Feet 

3.31 

9.42 

0.00118 

0.107 

0.00082 

131 

""131 
"'263 
""465 
""486 
"566 
""642 
'""742 
""892 
"i,"242 

7.00 

68.50 

3.29 

9.58 

1.426 

8.426 

3.26 

9.76 

.00JI28 

.095 

.00072 

132 

6.80 

66.12 

3.23 

9.92 

1.531 

8.331 

3.205 

10.11 

.00141 

.084 

.00069 

142 

6.60 

63.74 

3.18 

10.29 

1.648 

8.247 

3.165 

10.39 

.00161 

.037 

.00049 

75 

6.50 

62.54 

3.15 

10.49 

1.710 

8.210 

3.135 

10.59 

.00169 

.033 

.00041 

80 

6.40 

61.36 

3.12 

10.69 

1.777 

8.177 

3.106 

10.80 

.00167 

.027 

.00033 

82 

6.30 

60.16 

3.09 

10.91 

U850 

8.150 

3.076 

11.02 

.00176 

.024 

.66624 

100 

6.20 

58.95 

3.06 

11.13 

1.928 

8.128 

3.046 

11.24 

.001«6 

.021 

.00014 

150 

6.10 

57.77 

3.03 

11.36 

2.007 

8.107 

3.015 

11.48 

.00196 

.014 

.06664 

360 

6.00 

66.65 

3.00 

11.60 

2.093 

8.093 
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The  drop-down  curve  for  the  example  flume  (p.  67)  from  normal 
depth  of  6  feet  to  its  minimum  under  the  condition  of  streaming  flow, 
i.e.,  critical  depth,  is  traced  in  table  12.  Critical  depth  is  taken  from 
the  intersection  of  two  critical  elements  for  a  flow  of  656  second-feet 
as  graphed  ill  figure  7.  This  occurs  at  5.80  more  or  less.  Since  critical 
depth  is  but  0.2  less  than  normal  depth,  the  drop-down  curve  is  very 
short  and  the  limit  of  a  short  flume  for  this  condition  would  be  about 
200  feet.  The  computations  are  commenced  at  the  brink  where 
critical  depth  would  hold.  The  resulting  drop-down  curve  is  shown 
in  figure  8. 

Table  12. — Drop-down  curve  development  for  example  flume  described  on  page  67 
from  critical  depth  at  5.80  di  hack  upstream  to  normal  depth  of  6.00  feet,  with  a 
bed  slope  S'=  0.002  foot  per  foot 


Depth 

Area 
a 

Hy- 
draulic 
radius 

r 

Veloc- 
ity 
Qla=v 

Veloc- 
ity head 
h 

Energy 
content 

Average  for  reach  L 

Change 
inH 
AH 

S-s 

Local 
length 

L 

r 

V 

S 

Feet 
5.80 

SQ.ft. 

54.15 

Feet 
2.94 

Feet 

per  sec. 

12.11 

^Feet 
2.284 

Feet 
8.082 

Feet 

Feet 
per  sec. 

Ft.  per 
foot 

Feet 

2.944 

12.05 

0.  002221 

0.001 

0.  000221 

5 

5.85 

54.74 

2.95 

11.98 

2.233 

8.083 

2.960 

11.92 

. . 002160 

.002 

.  000160 

13 

5.90 

55.32 

2.97 

11.86 

2.185 

8.085 

2.976 

11.79 

.  002099 

.002 

.000099 

20 

5.95 

55.95 

2.98 

11.72 

2.137 

8.087 

2.990 

11.66 

.062644 

006 

nnnjvu 

136 

6.00 

56.50 

3.00 

11.60 

2.093 

8.093 

Total  L 

174 

Problem.  To  determine  the  conformity  between  computed  and 
measured  locations  on  a  drop-down  curve,  or  to  determine  the  fric- 
tion factor  n  with  field  data  secured  where  a  definite  drop-down  curve 
or  backwater  curve  exists.  In  the  capacity  test  of  Agua  Fria  flume, 
sections  were  developed  and  water-surface  elevations  taken  at  inter- 
vals of  about  500  feet  throughout  the  length  of  nearly  6,000  feet. 
When  platted,  it  was  found  that  quite  uniform  flow  extended  for  the 
reach  of  2,160  feet  used  to  determine  the  friction  factors.  (See  no. 
104,  table  2.)  For  some  3,000  feet  at  the  lower  end  of  the  flume  the 
freeboard  increased  continually,  indicating  the  development  of  the 
drop-down  curve.  From  the  field  data  the  computations  shown  in 
table  13  were  developed.  Starting  at  the  water  surface  in  the  outlet 
end  of  the  metal  flume,  the  drop-down  curve  was  computed  to  deter- 
mine the  distance  back  up  the  flume  to  the  next  location  where  sur- 
face and  sectional  elements  had  been  measured.  For  determining  the 
values  of  S,  the  friction  factor  71  =  0.0137,  determined  in  test  no.  104, 
was  used.  In  the  last  column  is  shown  the  distance  as  measured  on 
the  ground  (the  distance  between  stations  as  listed  in  column  1). 
Considering  the  high  velocities  and  consequent  roughness  of  the  water 
surface,  the  writer  considers  the  conformity  acceptable. 
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Table  13. — Elements  for  drop-down  curve  at  the  lower  end  of  Agua  Fria  flume,  no. 
104.  Shows  conformity  between  computations  and  field  measurements  made  at 
the  stations  as  listed  * 


Station 

Elements  (see  notation) 

Cumulative  lengths 

r 

V 

h 

Z 

E 

AE 

S 

Com- 
puted 2L 

Measured 

69+58 
■  634-62' 
"'^+44' 
"j»4-'22' 
■32+2b' 

Feet 

"'zhi' 

'""2.74" 
"'2.'87" 

"i'go' 

Ft.  per  ft. 
8.15 
7.47 
6.78 
6.52 
6.25 
6.00 
6.76 
6.75 
6.76 

Feet 
1.033 

Feet 
13.11 

Feet 
14. 143 

Feet 

Ft.  per  ft. 

Feet 

Feet 

0.732 

0.00114 

642.0 

696.0 

.715 

14.16 

14. 875 

.652 

.00112 

1,224.0 

1,314.0 

.607 

14.92 

15.527 

.637 

.00066 

2,190.0 

2,036.0 

.614 

16.65 

16.164 

.407 

.00060 

2,868.0 

2,738.0 

.616 

16.055 

16. 671 

•  The  slope,  S,  is  necessary  to  maintain  flow  for  the  average  velocity  and  for  the  average  value  of  the 
hydraulic  radius,  r,  over  the  distance  between  stations  as  measured,  with  Kutter's  n=0.0137,  as  determined 
for  the  reach  of  uniform  flow  upstream  from  station  32+20.  (See  no.  104,  table  2.)  From  observed  eleva- 
tions of  water  surface  and  elements  of  cross-section  developing  velocity,  and  hence  velocity  head,  the  ele- 
vations of  E  (= Z+ft)  were  computed.  From  these  values  of  E  the  items  AE  were  computed.  The  length 
of  channel  necessary  to  develop  a  given  difference  in  E  is  found  by  dividing  AE  by  S.  Computations  are 
by  slide  rule. 

If  it  is  desired  to  compute  a  value  of  n  for  such  a  drop-down  curve 
then  the  data  for  all  but  the  two  columns  for  S  and  computed  L  can 

be  listed.    Items  for  values  of  S  can  be  computed  from  — ^  where  L 

is  the  measured  length  between  stations  under  consideration  (not  the 
cumulative  length).  From  the  various  values  of  S  thus  developed  the 
values  of  n  can  be  taken  from  figure  3.  The  average  value  of  n  will 
be  quite  close  to  that  resulting  from  test  of  a  reach  approximating 
normal  flow  conditions. 


CHARACTERISTIC  CURVES 

The  flow-behavior  of  an  important  flume  structure,  either  contem- 
plated or  already  constructed,  can  now  be  studied  by  means  of  a  set 
of  curves  showing  the  conditions  of  flow  throughout  great  variation 
in  many  of  the  essential  elements.  Some  of  these  curves  have  been 
shown  in  various  publications  but  others  are  offered  for  the  first  time, 
so  far  as  the  writer  is  aware. ^^  They  are  analogous  to  the  famiUar 
characteristic  curves  for  pumps. 

A  single  flume  (no.  301,  et  seq.)  will  be  used  as  the  example  for  the 
curves  as  it  was  for  the  solution  of  ordinary  normal-flow  problems 
(p.  67).  In  commercial  operation,  this  flume  shows  some  of  the  un- 
usual characteristics  brought  out  by  the  curves,  and  also  shows 
changes  in  these  characteristics  from  one  year  to  another.  Hence  it 
can  be  used  to  advantage  in  studying  the  characteristics  of  other 
flumes.  It  is  not  suggested  that  similar  studies  be  made  in  this  com- 
prehensive manner  regarding  all  flumes,  but  the  characteristics  of  a 
costly  structure,  designed  to  carry  a  full  load  of  water  at  a  velocity 
approaching  the  critical,  in  a  locaUty  where  the  flume  interior  may 
change  appreciably  during  the  irrigation  season,  may  be  so  graphed 

•»  The  solution  of  one  or  more  related  subproblems  generally  leads  to  obtaining  direct  answers  to  most 
engineering  problems,  but  most  problems  involving  the  flow  of  water  in  open  channels,  on  the  other  hand, 
are  not  solved  by  one  direct  set  of  solutions,  but  by  successive  trials,  gradually  approaching  an  acceptable 
result.  This  condition  makes  a  set  of  curves  of  particular  value.  Trial  answers,  approximately  correct, 
can  be  quickly  obtained.  When  the  most  acceptable  answer  is  found,  actual  computations  can  be  made, 
if  desired,  for  formal  reports,  court  testimony,  or  other  use. 
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that  its  performance  can  be  anticipated  for  all  changes  of  conditions 
that  are  liable  to  occur.  Furthermore,  the  curves  will  show  the  im- 
provement in  capacity  that  may  result  from  proposed  maintenance 
work  that  would  change  one  or  more  of  the  elements  affecting  capacity 
curves. 


(i^^cf)  P  H^d^O 


The  curves  are  divided  into  class  A — characteristic  curves  depend- 
ent only  on  shape  and  dimensions  of  water  prism,  and  class  B — 
characteristic  curves,  dependent  on  curves  in  class  A,  and  also 
dependent  on  other  functions,  such  as  slope,  S,  and  value  of  retardation 
coefficient,  n^  and  in  addition  perhaps  dependent  on  a  given  quantity 
of  flow,  Q. 

The  curves  are  first  listed.  The  uses  for  which  each  one  is  helpful 
follow  the  listing. 
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The  flume  referred  to  is  constructed  of  wood  staves  and  is  supported 
in  cradles  so  that  the  water  prism  occupies  the  lower  segment  of  a 
circle  12  feet  in  diameter.  Computations  for  normal  flow  capacity 
were  based  on  a  segment  up  to  mid-diameter.  Above  that  elevation 
there  is  a  freeboard  of  about  1.2  feet  which  may  be  encroached  upon 
to  a  moderate  extent.  The  computed  curves  are  extended  to  include 
depths  up  to  the  crossbar. 

The  characteristic  curves  are  shown  in  figure  7.  The  tables  upon 
which  they  are  based  were  developed  in  detail  and  plotted  on  cross- 
section  paper,  spaced  10-10,  to  the  inch.  To  save  space  only  a  few 
values  of  d  were  tabulated  for  each  element  given  in  the  example 
tables  that  follow.  Many  of  the  curves  are  dependent  on  other 
curves.  The  order  of  development  used  gives  various  items  as  they 
are  needed  (see  tables  14  and  15). 


Table  14. 


■Abstracted  elements  for  drafting  of  characteristic  curves  dependent  only 
on  shape  and  dimensions  of  water  cross  section 


Ratio, 
depth 

to 
diam- 
eter 

d/D 

Depth 

of 
water 
prism 

d 

Area 

of 
water 
prism 

A 

Wet- 
ted 

perim- 
eter 

P 

Hy- 
draulic 
radius 

R 

Width, 
water 
surface 

T 

Veloc- 
ity 
head 
for  Vc 

he 

Crit- 
ical 
veloc- 
ity for 

Vc 

Crit- 
ical 
flow 

Mini- 
mum 
energy 
con- 
tent = 
d.+hc 

//«.„. 

Bakh- 

meteff's 

A/'= 
A-y/A/T 

M' 

Static 
pres- 
sure 
in 
water 
prism 

P 

> 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0.10 
.25 
.40 
.50 
.60 

Feet 
1.2 
3.0 
4.8 
6.0 
7.2 

Sg.ft. 
6.9 
22.1 
42.3 
56.6 

7a  8 

Feet 
7.8 
12.6 
16.4 
18.9 
21.3 

Feet 
0.76 
1.76 
2.57 
3.00 
3.33 

Feet 
7.2 
10.4 
11.7 
12.0 
11.7 

Feet 
0.41 
1.06 
1.80 
2.36 

ao2 

Ft.  per 
sec. 
5.1 
8.3 
10.8 
12.3 
13.9 

Sec.-ft. 
30 
183 
455 
696 
987 

Feet 
1.62 
4.06 
6.60 
a  36 
10.22 

5.3 
32.3 
80.2 
122.8 
174.1 

Cu.ft. 
2.9 
27.1 
84.8 
143.9 
220.5 

Table  15. — Abstracted  elements  for  drafting  of  characteristic  curves  dependent  on 
shape  and  dimensions  of  water  cross  section  and  also  on  one  or  more  of  the  elements 
of  friction  coefficient,  slope  and  quantity  of  flow 

[This  table  is  supplementary  to  table  14,  from  which  column  2  is  repeated] 


d 

Dependent  on  S=0.002  and  »i=0.012 

Dependent  on  Q=656  second-feet 

Chezy's 

^'■y/RS 

C 

Bakhme- 
tefl's  K, 

=AC-y/R 

K 

Critical 
slope,  S<, 

Sc 

Normal 

Qn 

Mean 
veloc- 
ity, V, 
=  Q/A 

V 

Veloc- 
ity 
head 

Energy 

con- 
tent, // 
=d+h 

II 

Momen- 
tum, M 
=  Q'IAg 

M 

Momen- 
tum-h 
pres- 
sure= 
QyAg+ 
P(see 
column 
12,  table 
14) 

M+P 

Kine- 
ticity 
(actor, 
\=2h/d 

X 

2 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Feet 
L2 
3.0 
4.8 
6.0 
7.2 

121.4 
139.3 
146.6 
1^9.3 
161.2 

624 
4,084 
9,920 
14,600 
19,650 

Ft.  per 
foot 

0.00234 
.00201 
.00210 
.00227 
.00255 

182.6 
443.7 
653.3 
874.5 

Ft.  per 
sec. 

111.4 
29.7 
15.52 
11.60 
9.25 

Feet 

Feet 

2,272.0 
605.2 
316.5 
236.6 
188.9 

<?w.  feet 
of  water 
2, 275. 0 
632.3 
40L3 
380.6 
409.4 

L57 
.70 
.37 

13.7 
3.76 
2.09 
1.33 

16.7 
&66 
&09 
8.63 

4640°—; 
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CLASS  A  CHARACTERISTIC  CURVES 


1.  The  half -section  curve  shows 
symmetrical  flume    (fig.   7).     The 
staves.     Half  of  these  are  shown, 
to  shell  gives  2^/2  for  any  given  d. 

The  stave-marks  give  gage  readings  for  any  field  observations  of  the 
surface  curve  when  taken  in  terms  of  stave  freeboard. 


a  cross  section  of  one  half  of  the 

shell  was  made  of  46  identical 

A  horizontal  line  from  centerline 

(See  columns  2  and  6,  table  14.) 


.     '0    .  5       . 

Profile    distance  ( 100  foot  stations) 


700 


Figure  8. 


600 


500  400  300  200 

<?  scale    (second-feet) 


100 


-Backwater  and  drop-down  curves  in  profile  of  flume  used  as  example  for  characteristiccurves 
shown  in  figure  7. 


2.  The  A,d  curve  shows  area,  A,  of  the  water  section  for  any 
given  depth,  d.     Based  on  columns  2  and  3,  table  14. 

3.  The  p^d  curve  shows  wetted  perimeter,  p,  for  any  given  depth, 
d.     Based  on  columns  2  and  4,  table  14. 

4.  The  R,d  curve  shows  hydraulic  radius,  R,  for  any  given  depth,  d. 
R  =  A/p.     Based  on  columns  2  and  5,  table  14. 

5.  The  hcfd  curve  shows  the  velocity  head  for  the  critical  velocity 
at  any  depth,  d.  By  formula  hc  =  A/2T  for  any  shape  of  section. 
Based  on  columns  2  and  7,  table  14. 

6.  The  Vc,d  curve  shows  the  critical  velocity,  Vc,  for  any  depth, 
d.    If  the  water  is  flowing  at  critical  velocity  it  is  also  at  critical 
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dejltll.    tinder  this  condition  the  given_  value  of  d=dc.    Based  oii 
columns  2  and  8,  table  14.     Tc=  V^  V-^/3' 

7.  The  Qc,d  curve  shows  the  quantity,  Q,  flowing  at  critical  veloc- 
ity, Vcj  as  taken  from  curve  6  above,  at  a  value  of  d  which  again 
becomes  dc,  as  for  curve  6.  Qc  =  M''yfg.  Based  on  columns  2  and  9, 
table  14. 

8.  The  HmiD.fd  curve  shows  minimum  energy  content,  //mm.,  where 
H=dc  +  hc  for  any  value  of  d  as  dc.  Based  on  columns  2  and  10, 
table  14.  Note  that  this  curve  intersects  the  energy  curves  for 
Q  =  429  and  for  Q  =  656  at  their  respective  critical  depths.  Since 
any  energy  curve  is  rather  flat  around  the  apex,  the  critical  point  is 
uncertain  when  taken  from  a  graph.  This  intersection  removes  this 
uncertainty. 

9.  The  M' fd  curve  shows  Bakhmeteflf's  M-f unction  for  any  value 
of  c?,  M'^A-^A/T.    Based  on  columns  2  and  11,  table  14. 

For  every  flow  Q  there  is  one  depth  of  water  in  a  channel  that  is 
critical.  For  some  shapes  the  direct  solution  is  simple  but  not  for 
others.  With  characteristic  curves  developed,  this  depth  can  be 
taken  directly  from  Bakhmeteflf's  M-function  curve.  For  a  given  Q 
the  value  of  M\  =  Q/^[g. 

On  the  M',d  curve,  for  the  above  value  of  M\,  the  corresponding 
value  of  d  will  be  critical  for  the  given  Q. 

10.  The  P,d  curve  shows  the  pressure  on  cross  section  of  water 
prism,  in  cubic  units  of  water,  for  any  given  depth,  d.  Values  from 
this  curve,  combined  with  kinetic  units  for  any  given  flow,  Q,  give 
the  elements  for  a  momentum  curve  for  a  particular  flow.  See 
colunrn  21,  table  15.     Curve  10  based  on  coliunns  2  and  12,  table  14. 

CLASS  B  CHARACTERISTIC  CURVES 

11.  C,d  curve,  showing  values  of  Chezy's  C  for  normal  flow  at  any 
depth,  d.  In  this  particular  case,  based  on  a  value  s  =  0.002  and 
Kutter's  n  =  0.012.  This  curve  slightly  different  for  different  values 
of  s  up  to  s  =  0.001.  when  based  on  Manning's  formula,  the  values 
of  C  are  the  same  for  all  reasonable  values  of  S  but  vary  with  value 
of  n  chosen.     Tabular  values  from  columns  2   and   13,  table  15. 

V  V 

12.  The  Kfd  curve,  showing  Bakhmeteff's  conveyance  factor,  K, 
for  any  value  of  d,  based  on  values  of  Chezy's  C  from  the  C,d  curve. 
Thus  K  is  &  characteristic  for  our  particular  channel  for  values  of 
71  =  0.012  and  s  =  0.002  and  is  sufficiently  close  for  values  of  s  down 
to  0.001.  The  platted  values  based  on  columns  2  and  14,  table  15. 
K=AC-^.  If  K  is  based  on  the  Kutter  formula  it  varies  slightly 
for  slopes  flatter  than  0.001. 

13.  The  Sc,dc  curve  showing  critical  slope.  Set  necessary  to  main- 
tain imiform  flow  at  critical  depth,  dc.  In  the  example,  this  slope 
agrees  with  that  used  in  construction  (0.002)  for  a  depth  of  about  3 
feet  and  is  suflftciently  in  conformity  at  any  depth  so  that  the  effective 
energy  slope  might  equal  or  exceed  the  critical  slope  for  short  reaches 
of    flume    or    for    reaches    sUghtly    smoother    than    the    average. 

Se'^'Q   jJ  '    Based  on  columns  2  and  15,  table  15 
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14.  The  Qn,d^  curve  shows  the  quantity,  Q,  that  will  flow  at  a 
theoretically  uniform  rate  for  any  value  of  d  with  a  value  of  ?i  =  0.012 
and  for  a  bed  slope  of  s  =  0.002.  This  condition  makes  d  =  dn;  greater 
than  dc  for  streaming,  tranquil  flow;  equal  to  dc  for  glassy,  critical 
flow;  and  less  than  dc  for  shooting,  torrential  flow.  Since  the  flow  is 
assumed  to  be  uniform,  in  a  uniform-shaped  channel,  the  slope  of 
the  bed  is  parallel  to  that  of  the  water  surface  and  of  the  energy 
gradient.  Based  on  columns  2  and  16,  table  15.  Note  that  column 
16  is  based  on  the  conveyance  factor,  K,  and  shows  the  reason  lor  this 
characteristic  name.  Bakhmeteff  calls  this  the  "normal  discharge 
curve."     Qn  =  K^Js  =  K-yfS  since  s  =  S  for  normal  flow. 

The  upper  portions  of  simUar  curves  based  on  the  same  slope  but 
on  values  of  n  from  0.011  to  0.015  are  also  given.  The  use  for  these 
will  be  explained  later. 

The  rest  of  the  curves  in  this  table  are  based  on  a  given  flow — in  this 
case  design  Q  of  656  second-feet.  Curves  for  V  and  h  are  not  plotted. 
The  data  are  listed  in  columns  17  and  18,  table  15.  The  data  are 
necessary  only  to  develop  column  19  from  which  comes: 

15.  The  H,  d  curve,  usually  called  the  ''energy  curve",  showing 
the  energy  content,  d  +  h  =  H  for  any  given  depth  d  but  for  a  par- 
ticular value  of  Q.  Based  on  columns  2  and  19,  table  15.  This  curve 
is  independent  of  s  and  n  but  is  different  for  each  value  of  Q.  It  is 
valuable  for  tracing  the  surface  curve  through  any  open  constriction 
in  a  canal,  such  as  an  inlet  transition  followed  by  a  short  flume  and 
an  outlet  transition.  For  the  same  value  of  H,  the  opposite  point 
on  the  curve  shows  the  alternate  stage  at  which  the  given  Q  might 
flow  with  the  same  energy  content.  Assuming  shooting  flow  and  the 
hydraulic  jump  could  occur  in  the  flume  without  loss,  then  the  upper 
stage  or  depth  can  be  picked  off  directly  from  this  curve.  However, 
there  is  always  a  loss  in  the  jump;  therefore,  this  curve  must  be 
taken  in  conjunction  with  no.  16  below  to  show  the  stage,  including 
loss,  after  the  jump. 

16.  The  (M+P),  d  curve,  usually  called  the  momentum  curve, 
shows  the  momentum,  M,  plus  pressure,  P,  in  cubic  units  of  water  for 
any  given  depth  for  a  given  flow,  Q.  Based  on  columns  2  and  21, 
table  15.  It  is  a  companion  curve  to  the  energy  curve,  no.  15  above, 
for  the  same  Q,  and  is  valuable  in  showing  the  height  of  jump  that 
may  be  expected  where  conditions  develop  the  jump  in  a  flume. 

17.  The  X,  d  curve,  showing  Bakhmeteff 's  kinetic  flow  factor,  X 
for  any  depth,  d.  Based  on  Q  =  656  second-feet.  This  curve  is 
characteristic  of  our  especial  channel  with  a  particular  flow,  but  is 
independent  of  s  and  n.  The  platted  values  are  based  on  columns 
2  and  22,  table  15. 

USES  OF  THE  CHARACTERISTIC  CURVES 

The  many  uses  for  design,  maintenance,  and  operation  that  can  be 
obtained  at  a  glance  or  with  a  minimum  of  computation  from  the 
curves  shown  on  figure  7  are  explained  in  the  following  paragraphs. 
Specific  points  referred  to  below  are  indicated  in  the  figure  by  the 
same  letters: 

At  point  A  is  found  the  design  Q'  of  656  second-feet,  using  as  the 
values  of  n,  0.012;  S,  0.002;  and  R,  3.00  (corresponding  to  4  =  6.0). 
Corresponding  to  Q'  =  656  the  value  of  y=  11.6.  These  are  the  four 
elements  that  usually  constitute  the  basis  of  computing  the  capacity 
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or  hydraulic  performance  of  a  flume,  aside  from  entry  and  exit 
phenomena. 

Running  through  the  point  A  is  the  Q„,  d  curve  for  a  value  of 
ti  =  0.012.  Reference  to  the  Q-scale  shows  the  quantity  that  will  be 
in  the  flume  for  any  given  depth  or  vice  versa,  so  long  as  the  value  of 
n  remains  at  0.012 .  If  the  surface  when  new  is  better  than  anticipated 
and  the  value  of  n  is  0.011,  then  the  point  B  indicates  that  about  717 
second-feet  can  be  carried  at  design  depth  of  6  feet;  or  point  C 
indicates  that  design  Q  will  flow  at  a  depth  of  but  5.7  feet.  On  the 
other  hand,  if  algal  growth  causes  the  value  of  n  to  become  0.014, 
the  flume  will  carry  but  562  second-feet  at  6  feet  depth  (point  D), 
and  the  design  Q  of  656  second-feet  can  only  be  carried  with  a  normal 
depth  of  6.55  feet,  reducing  the  theoretical  freeboard  from  1.2  feet 
to  some  0.65  foot. 

Between  Q„,  d  for  n  =  0.012  and  for  n  =  0.011  is  found  the  Qc^  d 
curve.  Note  that  this  curve  merges  with  Q„,  d  for  n  =  0.012  at  c?  =  3.0 
feet.  Point  F  shows  that  design  Q'  of  656  will  run  at  critical  depth 
if  n  is  just  a  little  lower  than  0.012.  Passing  horizontally  from 
F  to  G,  it  is  found  that  the  velocity  for  such  a  critical  flow  would  be 
nearly  12.1  feet  per  second.  This  is  a  very  high  velocity  for  any 
channel  of  less  incline  than  that  of  a  chute  drop.  Returning  hori- 
zontally to  the  left  from  G  to  H,  the  velocity  head  for  this  velocity  is 
about  2.3  feet,  which  exceeds  the  freeboard  from  G  to  I  by  about 
0.9  foot.  If  one  could  be  assured  that  the  flow  would  hold  at  critical 
depth,  tliis  excess  might  not  show  danger  of  overflowing  because 
flow  just  at  the  critical  is  a  smooth,  often  perfectly  glassy,  flow. 
However,  at  the  energy  curve  for  Q  =  656  there  is  a  very  flat  curve  in 
the  region  of  the  critical  depth,  indicating  that  a  range  of  depth,  say 
from  5.4  feet  at  shooting  flow  to  6.4  feet  at  streaming  flow,  can  take 
place  with  practically  the  same  energy  content,  i.e.,  with  the  same 
elevation  of  the  energy  line  above  the  bottom  of  the  flume.  This 
condition  indicates  that  the  water  surface  throughout  the  length  of  the 
flume  would  be  liable  to  a  wide  range  of  depth,  depending  on  minor 
eft'ects  of  flume  surface  and  curvature.  It  also  indicates  that  retarda- 
tion of  four  reverse  curves  (pi.  13,  A),  even  of  500  feet  radius,  may 
throw  the  flow  through  the  hydraulic  jump,  and  that  the  roughness 
of  the  jump  wave  may  overtop  the  flume.  On  the  other  hand, 
a  slight  algal  growth  that  would  probably  exist  by  the  time  the  full 
flow  of  the  flume  is  required  would  narrow  the  range  to  the  extreme 
flat  apex  of  the  energy  curve  and  change  of  flow  from  shooting  to 
streaming  stage  might  take  place  without  an  appreciable  jump. 
In  June  1923  when  this  flume  was  new,  the  value  of  n  was  actually 
0.0112,  and  normal  flow  was  faster  than  the  critical,  as  can  be  seen 
by  the  platted  point  (1923)  on  figure  7,  corresponding  to  elements 
in  no.  302. 

Again,  referring  to  point  F,  corresponding  to  Q  =  656  and  critical 
depth  for  that  particular  Q,  this  critical  depth,  dcy  is  about  5.8  feet 
above  the  bottom.  This  has  particular  significance  in  connection 
with  the  water  stage  in  the  canal  below  the  flume  outlet.  So  long 
as  this  stage  is  at  an  elevation  equal  to  or  below  that  of  the  water 
surface  in  the  end  of  the  flume  at  dc  =  5.8,  plus  any  recovered  velocity 
head  ht  at  the  flume  outlet,  the  stage  at  the  flume  end  will  not  go 
below  critical  depth  of  5.8  feet  with  the  exception  mentioned  below. 
This  is  true  because  the  discharge  is  already  a  maximum  for  any  slope 
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and  value  of  n  ihdt  will  generate  a  normal  velocity  at  or  slower 
than  critical.  For  all  low^  stages  of  water  in  the  eanal  below, 
water  would  pour  over  the  brink  at  the  flume  outlet  at  st  depth,  of 
5.8  feet.^^ 

The  exception  td  this  condition  occurs  when  the  value  of  n,  say  for 
the  new  flume,  was  less  than  0,0113  which  corresponds  to  dn  =  dc  =  5.B 
for  Q  =  656  second-feet.  For  values  of  n  less  than  0.0113,  dn  is  less 
than  dc  and  there  would  be  no  material  drop-down  curve  toward  the 
flume  outlet,  the  jet  shooting  out  at  the  end  with  approxiuiately 
normal  depth. 

Assume  that  it  is  proposed  to  increase  the  capacity  of  the  flume  by 
lining  the  canal  below  the  flume:  The  lining  would  lower  the  stage 
for  any  flow  and  appear  to  provide  a  steeper  gradient  in  the  flume 
above,  thus  increasing  the  velocity  and  the  maximum  capacity  witk- 
out  encroaching  on  the  former  freeboard. 

This  process  would  be  successful  for  any  length  of  flume  lesg  than 
the  length  of  the  drop-down  M2  curve  (fig.  8),  in  the  particular  flume- 
only  about  200  feet.  In  other  words,  the  drop-down  curve  extendi 
about  200  feet  from  a  normal  depth  of  6  feet  to  the  critical  depth  of 
5.8,  and  any  additional  lowering  of  the  stage  below  would  not  change 
the  length  of  this  curve.  Furthermore,  the  improvement  by  lining 
the  canal  would  effect  only  this  length  of  200  feet  and  the  upper  end 
of  the  flume  would  serve  as  the  criterion  for  capacity,  its  maximum 
capacity  stiU  being  the  capacity  of  the  structure.  The  writer  knows 
of  several  locations  where  the  capacities  of  long  flumes  required  im- 
provement and  this  method  was  tried.  In  all  cases  the  drop-down, 
curve  intersected  the  original  surface  some  distance  above  the  outlet 
and  from  that  point  upstream  the  conditions  were  as  before.  In  the 
argot  of  the  ditch  rider,  a  ''good-get-away"  (i.e.,  critical  flow  at  an 
outlet)  will  improve  the  capacity  of  a  short  flume  but  will  not  help  a- 
long  one. 

Likewise,  a  high  stage  in  the  canal  below  a  flume  outlet  wiU  lower 
the  capacity  of  all  flumes — essentially  by  raising  the  stage  at  the  lower 
end  of  the  flume  and  encroaching  upon  freeboard.  In  figure  8  the 
backwater  Mi  curve  is  calculated  for  a  stage  at  the  flume  outlet  of 
d  =  7.2  feet  instead  of  the  design  depth  of  6  feet.  For  any  stage  at  the 
outlet  between  6  and  7.2  feet  in  depth,  the  corresponding  portion  of 
the  backwater  curve  may  be  used.  In  such  a  curve  it  must  be  re- 
membered that  velocities  are  becoming  less  as  the  depth  increases  and 
therefore  the  velocity-head  requirement  also  becomes  less.  Practi- 
caUy  aU  of  the  difference  in  velocity  heads  is  recoverable  in  a  perfect 
transition  section  such  as  a  wedge-shaped  flow  in  a  uniform  flume 
channel.  This  recovered  velocity  head  is  available  to  overcome 
friction  or  to  raise  the  surface  of  the  water  in  the  flume.  In  actual 
operation  the  water  surface  toward  the  end  of  such  a  checked  flow 
has  but  Httle  or  no  slope,  the  energy  to  overcome  friction  being  pro- 
vided largely  by  the  recovered  velocity  head. 

From  the  Mi  curve  and  the  accompanying  table  11  it  appears  that 
backwater  effect  extends  some  1,300  feet  up  the  flume.  Above  that 
point  normal  flow  is  approximated.     In  this  particular  case  the  flume, 

J«  Critical  depth  comes  exactly  at  a  brink  for  a  very  small  flow.  For  all  greater  flows  critical  depth  comes 
a  short  distance  upstream  from  the  brink.  However,  this  distance  is  so  short  that  it  is  ignored  in  most 
hydraulic  problems.  It  cannot  be  neglected  if  the  use  of  the  brink  as  a  critical-flow  meter  is  contemplated . 
Here  the  diflBculty  lies  in  determining  just  how  far  above  the  brink  critical  depth  can  be  found  for  any  given 
flow. 
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if  less  than  1,300  feet  long,  would  be  classed  as  a  short  flume  under 
the  definition  given  on  page  8. 

When  study  of  the  characteristic  curves  begins  to  indicate  that 
critical  flow  conditions  are  Ukely  to  be  encountered,  the  Sc,d  curve 
should  certainly  be  platted.  Examination  of  this  curve  on  figure  7 
shows  that  the  effective  critical  slope  equals  0.002  for  a  depth  of  about 
3  feet  at  point  K.  This  is  also  brought  out  by  the  intersection  of  the 
Qn,d  (for  a  value  of  n  =  0.012)  curve  and  the  Qc,d  curve  coming  at  a 
value  of  d  =  S.O  feet.  For  a  full  load  of  656  second-feet  at  normal 
depth,  the  critical  slope  Sc  is  found  to  be  0.00227,  which  does  not  mean 
that  the  bottom  would  have  to  take  this  slope,  but  if  the  slope  of  the 
energy  gradient  becomes  as  steep  as  0.00227  then  critical  flow  may 
develop.  If  this  takes  place,  then  flow  faster  than  the  critical  nearly 
always  follows,  except  at  a  brink.  If  the  flow  becomes  faster  than  the 
critical,  then  the  jump  will  probably  result. 

Likewise  for  the  critical  depth  corresponding  to  a  flow  of  656  second- 
feet  aSc  =  0.00223  which  is  designated  by  Bakhmeteff  as  the  normal 
critical  slope. 

The  momentum  (M+P),  d  curves  and  the  energy  curves  for  design- 
Q'  of  656  and  also  for  observed  Q  =  429  are  drawn.  Opposite  points 
on  the  energy  curve  show  the  two  stages  on  the  assumption  that  there 
is  no  loss  in  the  jump.  However,  the  momentum  theory  holds  true 
when  the  loss  is  included,  therefore  the  corresponding  opposite  points 
on  the  momentum  curves  show  the  true  heights  of  the  jump. 

On  the  curves  for  Q  =  429,  assume  that  a  jump  takes  place  from  a 
shooting-flow  depth  of  3.83  feet.  From  this  depth  on  the  Hy  d 
(energy)  curve,  follow  the  dashed  example  to  intersection  with  the 
momentum  curve,  thence  upward  to  the  alternate  stage  of  about  5.53, 
thence  back  to  the  energy  curve.  Note  that  the  last  intersection  is 
below  the  stage  opposite  the  point  of  beginning  on  the  energy  curve. 
This  upper  stage  would  occur  at  about  5.85  feet.  The  difference  be- 
tween 5.85  and  5.53,  or  0.32  feet,  indicated  by  i  in  figure  7,  gives  the 
loss  that  might  be  expected  through  the  jump  under  the  conditions 
assumed  for  the  example. 

Between  the  two  curves  for  Q  =  656  second-feet  a  similar  dashed 
example  shows  that  there  is  much  less  loss  in  a  jump  where  the  energy 
and  momentum  curves  are  nearly  parallel ;  that  is,  for  relatively  deep 
water  prisms.  If  the  loss  of  head  is  relatively  small,  the  recovery  of 
head  in  that  particular  jump  is  relatively  great. 

Hinds  (13)  has  pointed  out  that  if  the  momentum  curves  for  the 
shooting  stage  before  the  jump  and  for  the  streaming  stage  after  the 
jump  be  platted  on  the  profile  of  the  structure  the  two  curves  will 
mtersect  at  the  location  of  the  jump.  A  mere  touching  tangentially 
would  indicate  that  flow  would  pass  from  the  shooting  stage  to  the 
streaming  stage  without  the  jump. 

The  X,  d  curve  for  any  particular  Q  shows  the  relative  dominance  of 
kinetic  effect  as  flow  passes  through  critical  stage  to  shooting  stage. 
In  the  special  problems  shown  by  Bakhmeteff  (4),  this  function  is 
used  extensively,  especially  in  connection  with  problems  of  the 
hydraulic  jump. 

Problem.  After  designing  the  example  flume  for  656  second-feet, 
how  can  the  design  capacity  be  increased  to  carry  700  second-feet? 
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This  can  be  accomplished  in  several  ways:  By  increasing  the  slope; 
by  encroaching  on  the  freeboard  as  originally  set  up;  or  by  securing 
and  maintaining  a  very  smooth  surface. 

(1)  By  change  of  slope,  using  same  depth,  d  =  Q.O  and  value  of 
n==  0.012  as  before.     By  slide  rule: 

rvi.  1  Q'       700^  490,000  49         ^  ^^^^^, 

The  new  slope,  .,  -^—1-^^'  =  214,500^  =  21^50  =  ^'^^^^^'^' 

The  value  K  is  taken  directly  from  the  K,d  curve. 

(2)  By  encroaching  on  freeboard  but  keeping  the  same  slope  and 
value  of  n.  On  the  Qn,d  curve  for  7i  =  0.012,  Q==700  on  a  depth  line 
of  6.23  which  can  be  accepted  as  satisfactory  for  emergency  peak 
loads  as  long  as  the  value  of  n  remains  at  0.012  or  less.  If,  however, 
algae  increase  the  value  of  n  to  0.015,  Q  =  700  on  the  depth  line  of 
7.1,  which  would  use  practically  all  of  the  freeboard,  making  certain 
the  overtopping  of  the  flume  sides  with  resulting  erosion  at  flume 
supports. 

(3)  By  a  very  smooth  surface.  The  intersection  of  Q  =  700  and 
d  =  Q.OO  comes  on  a  Qn  curve  for  a  value  of  Kutter's  n  of  about  0.0113, 
which  also  happens  to  be  on  the  Qc  curve  for  any  value  of  n.  This 
would  indicate  a  flow  at  critical  depth  with  a  value  of  n  that  could  be 
expected  for  a  new  stave  flume,  but  which  would  be  difficult  to 
maintain.  Combining  the  figures  of  (2)  and  (3),  the  deduction  is 
reached  that  a  flow  of  700  second-feet  would  fill  the  flume  to  a  depth 
approximating  6  feet,  at  critical  flow,  when  the  flume  was  new  and 
would  gradually  encroach  upon  freeboard  until  it  required  a  depth 
of  more  than  7  feet  with  n  =  0.015. 

Problem.  Determine  the  normal  depth  dn  for  a  flume  similar  to  the 
example  on  page  67  at  7i  =  0.012  for  Q  =  400,  at  a  slope  of  0.001. 
Note  that  the  Qn  curves  shown  on  figure  7  were  for  a  slope  of  0.002. 
By  slide  rule: 

^     Q        400       .^._ 
^=7r^03l6  =  ^2'^^^- 

On  the  K,d  curve  i^=  12,660  at  a  depth  of  5.5  4-  feet.  For  slopes 
flatter  than  0.001  the  values  of  Chezy's  C  change  when  considered  in 
terms  of  the  Kutter  formula.  If  the  problem  had  assumed  a  slope 
of  say  0.008  it  would  perhaps  be  advisable  to  compute  and  draft 
a  new  K,d  curve. 

Problem.  In  economic  problems  regarding  conveyance  of  water  for 
hydroelectric  projects  and  those  involving  pumping  lifts  it  may  be 
desirable  to  determine  the  power  required  to  overcome  friction. 
Determine  the  power  in  horsepower  per  mile  of  flume  for  the  standard 
flume  example  (Q  =  656;  s  =  0.002;  7i  =  0.012;  E  =  3.0).     Bakhmeteff 

62  40^ 
{4,  V'  ^i)  shows  that  ^^^r^  =  the  horsepower  lost  per  foot.     By  slide 

,     62.4X656^X5,280     ^^„  ,  ., 

rule,  — --^     ...  nf-h —  =  788  horsepower  per  mile. 

BakhmetefF  (4)  describes  other  functional  symbols  that  aid  in  the 
development  of  backwater  and  drop-down  curves  for  the  rectangular 
and  other  specified  shapes.  Some  of  them  present  difficulties  for 
circular  or  catenary  shapes.     He  also  shows  ''delivery  curves"  for 
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all  stages  of  head  and  tail  waters  for  short  channels  (flumes)  between 
two  reservoirs,  and  other  special  problems  that  do  not  often  occur  in 
irrigation  practice. 

CHUTE  FLUMES 

In  the  previous  discussion,  the  flume  has  been  considered  in  its 
usual  state  of  flow;  a  moderate  slope,  generating  a  velocity  slower  than 
tlie  critical  as  a  rule,  but  a  high  velocity  when  compared  with  ordinary 
flow  in  open  earth  channels.  In  exceptional  cases,  such  as  the 
example  flume  (no.  301),  the  normal  flow  for  any  quantity  may  be 
designed  for  a  velocity  slower  than  the  critical  but  the  initial  surface 
is  better  than  anticipated  and  the  velocity  exceeds  the  critical,  at 
least  during  the  first  few  months  of  operation.  This  flume  was  not 
designed  as  a  chute.     (See  p.  67.) 

A  chute  flume  is  used  to  lower  water  from  one  elevation  to  another 
dowTi  a  sharp  incline.  It  is  an  inclined  drop  structure.  In  the 
Northwest  there  are  many  chutes  conveying  water  from  canals  on 
bench  land  to  similar  canals  or  laterals  on  the  bottom  land  (pi.  11,  D). 
Stockton  (26)  mentions  some  74,000  feet  of  timber  and  metal  flume 
chutes  on  the  western  section  of  the  Canadian  Pacific  Railway  project, 
near  Calgarjr,  Alberta.  The  terrain  of  the  Northwest,  shaped  by 
action  of  the  ice  sheet  of  the  last  glacial  period,  requires  many  ordinary 
flume  and  chute  structures  to  convey  water  to  the  desired  locations. 
The  chute  flume  is  extensively  used  to  convey  w^ater  from  a  feed 
canal  to  a  reservoir  at  any  stage  of  the  latter.  Sometimes  the  flume 
is  extended  down  the  steep  reservoir  side  to  a  point  near  the  reservoir 
bottom — at  least  to  a  point  where  water  can  be  released  on  the 
reservoir  floor  without  causing  serious  erosion.  Sometimes  the  chute 
is  extended  to  a  point  just  above  the  high-water  line  of  the  reservoir 
and  the  jet  thrown  as  far  as  possible  from  the  foundation  of  the  end  of 
the  chute  (pi.  11,  A,  B).  Chutes  convey  water  from  crest  spillways 
of  reservoirs  to  some  point  where  the  water  can  be  released  down  the 
cliffs  without  objectionable  erosion  or  the  chute  may  continue  to 
discharge  the  water  at  river  level  below  the  dam.  The  side-channel 
spiUway  usually  feeds  a  chute. 

In  hydroelectric  construction,  the  chute  is  often  used  to  convey 
rejected  water  from  a  surge  chamber  to  some  nearby  stream  channel. 

In  both  irrigation  and  hydroelectric  practice,  the  chute  flume  is 
used  to  convey  excess  water  from  a  waste  gate  set  in  the  side  of  the 
main  conduit.  Exceptional  topography  and  hard-rock  terrain  may 
allow  waste  water  to  be  thrown  directly  from  the  side  of  the  conduit. 
The  criterion  for  all  these  chute  structures  is  that  the  flume  shall  be 
long  enough  to  insure  that  the  released  water  will  be  powerless  to 
injure  the  works  by  erosion. 

The  flow  of  water  in  a  chute  is  essentially  different  from  that  in  a 
flume  of  ordinary  slope. 

(1)  Velocities  encountered  are  several  times  those  found  in  ordinary 
channels  and  usually  far  above  those  most  common  in  ordinary 
flumes.  Velocities  of  from  10  to  15  feet  per  second  are  relatively 
slow,  from  15  to  30  feet  are  usual,  and  exceptional  velocities  run  to 
40  or  50  feet  while  one  chute  in  Europe  is  reported  to  flow  at  some 
80  feet  per  second. 

(2)  Obviously  such  velocities  are  all  faster  than  the  critical.  The 
kinetic  effect  far  overshadows  the  static  pressures  in  the  water  prism. 
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(3)  The  sequence  of  flow  conditions  in  a  flume  chute  usually  is  as 
follows:  With  water  delivered  to  the  head  of  chute  at  a  velocity 
below  the  critical. 

If  the  head  of  the  chute  is  a  crest,  weir  flow  comes  over  the  crest 
at  critical  depth.  If  the  head  begins  at  a  channel,  critical  depth  is 
attained  just  above  the  brink  where  the  sharp  incline  begins.  From 
the  point  of  critical  depth,  velocity  is  at  shooting  stage  and  is  in- 
creased until  normal  flow  is  approximated  or  until  the  chute  ends. 
As  in  the  case  of  a  short  flume,  the  structure  may  end  before  normal 
flow  is  established. 

However,  if  the  approach  to  the  chute  is  not  in  the  same  direct 
line  or  if  the  approach  is  wide  and  the  chute  is  sharply  narrowed 
near  the  top,  uncertain  flow  wiU  result.  The  resulting  water  surface 
does  not  take  the  smooth,  glassy  characteristics  of  critical  flow,  but 
starts  with  a  series  of  high  rough  waves  capped  with  white  water. 
Beyond  these  waves  the  flow  often  slashes  from  side  to  side,  showing 
little  conformity  between  design  and  results. 

(4)  At  the  lower  end  of  the  chute,  many  conditions  may  hold. 
Water  may  leave  the  chute  to  enter  a  canal  that  will  flow  at  streaming 
stage  on  an  ordinary  slope.  At  the  lower  end  of  the  chute,  the  water 
may  drop  over  a  brink  into  a  pool,  or  the  jet  from  the  chute  may 
enter  the  pool  from  one  side  or  end.  In  either  case  the  extreme 
kinetic  effects  must  be  materially  reduced  by  means  of  energy 
dissipators. 

(5)  Where  the  water  surface  at  the  end  of  the  chute  is  above  the 
surface  of  the  pool,  the  energy  dissipator  is  usually  a  confined  water 
cushion  or  some  form  of  labyrinth,  or  the  jet  is  divided  and  turned 
to  impinge  upon  itself. 

(6)  If  the  jet  enters  the  pool  at  about  its  own  level,  the  principle 
of  the  hydraulic  jump  may  be  utilized  (pi.  11 ,  D) .  This  is  an  effective 
dissipator  if  the  jet  is  made  wide  and  thin  before  entering  the  pool. 
Stevens  has  pointed  out  the  percentage  of  energy  that  may  be  dis- 
sipated under  various  conditions  (25). 

(7)  Where  a  flume  chute  feeds  a  reservoir,  conveying  the  water 
down  the  inclined  bank  until  the  reservoir  surface  is  reached,  what- 
ever the  stage  of  the  water,  there  is  no  opportunity  or  necessity  of 
widening  the  jet  and  the  jump  occurs  as  the  swift  water  impinges 
upon  the  stiU  water  of  the  reservoir  (pi.  11,  C).  A  full  reservoir  may 
back  the  water  into  the  canal  feeding  the  chute  so  that  no  jump  is 
encountered  as  shooting  flow  does  not  develop  {4,  V-  ^^)- 

(8)  Water  flowing  swiftly  down  a  long  flume  chute  does  not  foUow 
the  law  of  hydraulics  usually  taught  as  infallible;  the  continuity 
equation  Q  =  AVioT  any  value  of  A  whatsoever.  This  exception  to 
the  rule  is  due  to  the  entrainment  of  air,  gradually  creeping  into  the 
jet  from  the  sides  until  finally  the  whole  prism  is  composed  of  white 
water.  In  a  report  of  the  chutes  on  the  Boise  project  of  the  United 
States  Bureau  of  Reclamation,  Steward  ^"^  showed  that  this  entrain- 
ment may  expand  the  water  prism  by  30  percent  or  more.  The 
quantity,  Q,  was  measured  by  current  meter  or  weir  in  the  canal 
above  or  below  the  chute.  The  cross  sections  of  the  white  water 
(water  plus  entrained  air)  were  taken  as  usual,  from  which  the  values 
of  r  were  computed.  The  actual  mean  velocity  of  the  water  down  the 
chute  was  determined  by  timing  color  down  the  incline. 

1?  Steward,  W.  Q.,  Op.  cit.  (see  footnote  11). 
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It  was  found  that  this  measured  V  exceeded  the  velocity  as  com- 
puted by  the  equation  ^^=^  by  the  percentage  as  stated  above. 

Furthermore,  Steward  computed  the  vahies  of  Kutter's  n  on  two 
bases,  (1)  using  the  measured  Q  and  computing  a  velocity  based  on 
the  measured  sections  of  water  plus  air,  and  (2)  using  the  measured 
Q  as  before  but  using  the  measured  velocity  and  the  hydraulic  radius 
as  though  for  a  net  water  section  without  air.  By  the  first  plan,  he 
found  values  of  n  about  as  expected  for  similar  surfaces  in  ordinary 
flumes.  This  basis  can  be  used  in  computing  the  size  of  a  water 
prism  for  similar  construction.  By  the  second  plan  he  found  values 
of  n  of  about  two  thirds  those  holding  under  the  first  set  of  com- 
putations. This  basis  can  be  used  in  projecting  actual  velocities  for 
determining  the  trajectory  of  the  water  at  breaks  in  the  gradient, 
the  setting  of  baffle  posts,  or  other  uses  where  the  trajectory  is 
required.  The  writer  has  made  sufficient  tests  of  flume  chutes  sirnilar 
to  those  used  by  Steward  to  confirm  his  deductions.  The  essential 
elements  of  all  such  tests,  on  both  bases  of  computation,  are  given 
in  table  2.  Computations  are  also  made  on  the  basis  of  measured 
velocities  and  measured  cross  sections.  This  is  the  basis  actually 
operative  in  the  field. 

(9)  Another  unusual  feature  of  flume  chutes,  apparently  paradox- 
ical, is  that  algae,  moss,  and  insect  larval  growth  are  not  scoured  off 
by  the  high  velocities  but  apparently  thrive  on  the  excess  of  air,  due 
to  the  entrainment  described  under  (8),  coupled  with  plenty  of 
irrigation. 

(10)  In  most  computations  for  flumes  at  ordinary  streaming 
velocities,  the  vertical  depth  is  essentially  the  same  as  the  depth 
measured  perpendicular  to  the  slope  of  the  bed.  Likewise,  pressures 
are  taken  as  though  the  floor  had  no  slope.  In  flume  chutes,  the 
measurements  of  water  prism,  depth,  and  freeboard  are  taken  per- 
pendicular to  the  bed  of  the  flume,  but  pressures  and  kinetic  effects 
are  modified  to  include  the  influence  of  the  steep  incline. 

The  scope  of  this  bulletin  will  not  permit  detail  treatment  of  the 
hydraulics  of  chute  structures.  Suggestions  to  be  borne  in  mind  are 
given  above.  Detailed  treatment  for  various  phases  will  be  found  in 
Bakhmeteff  M),  Cole  (6),  Etcheverry  {8,  v.  3,  p.  261),  Hanna  {12), 
Hinds  {13),  Husted  {16),  King  {18,  p.  277,  340),  Nimmo  {22), 
Steward  ^^  Stevens  {25),  and  Stockton  {26). 

SUMMARY  AND  CONCLUSIONS 

Detailed  field  measurements,  evidence  of  existing  conditions  at  the 
time  of  test,  discussion  with  flume  operatives,  and  final  computations 
and  listing  of  the  elements  of  the  results  obtained  have  developed  the 
following  outstanding  points: 

A  flume,  as  referred  to  herein  is  a  relatively  high-velocity  structure, 
designed  for  the  conveyance  of  water,  with  kuietic  potentialities  far 
above  those  usually  associated  with  canal  flow.  Usually  it  begias 
and  ends  in  a  channel  having  a  flow  of  much  lower  velocity  than  that 
prevailing  in  the  flume  itself. 

The  sequence  of  the  structural  elements  is:  (1)  An  inlet  transition 
to  accelerate  the  flow  from  canal  to  flume  velocities,  (2)  the  flume 

"  Steward,  W.  Q.,  Op.  clt.  (see  footnote  11). 
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proper,  and  (3)  the  outlet  transition  to  decelerate  flow  from  flume  to 
canal  velocities. 

The  flow  elements  entering  the  design  of  the  flume  proper  consist 
of  quantity,  Q,  usually  given  in  the  conditions  of  the  problem;  the 
hydraulic  radius,  E,  computed  from  the  formula  R  =  Ajjp  for  the  ten- 
tative section  being  tried  in  computations;  the  velocity,  V,  computed 
from  V=QIA  for  the  tentative  section;  an  assumed  value  of  the  fric- 
tional  factor,  n;  and  the  slope,  S  =  Sy  for  uniform  flow,  resulting  from 
the  solution  of  a  standard  flow  formula  such  as  Kutter's  or  Manning's. 
Sometimes  the  slope  is  given  and  the  solution  is  directed  to  the  develop- 
ment of  a  sectional  shape  that  will  satisfy  the  other  elements. 

The  dimensional  elements  given  above  are  matters  of  data  as  given 
or  as  assumed,  all  of  which  can  be  attained  by  mere  design  and  con- 
struction. The  choice  of  ti  is  a  matter  of  judgment  but  must  be 
based  on  empirical  data.  This  choice  can  be  directed  by  the  recom- 
mendations given  in  this  bulletin,  which  are  based  on  nearly  300 
actual  field  experiments  listed  in  tables  2  and  3. 

In  the  past  the  general  tendency  has  been  to  use  a  value  of  n  that 
might  satisfy  the  best  of  conditions  but  was  too  low  for  those  en- 
countered in  ordinary  field  operation. 

Most  flumes  have  served  their  purpose  in  spite  of  errors  in  the 
selection  of  ti,  because^ they  were  so  short  that  a  small  amount  of 
heading-up  in  the  canal  above  served  to  increase  the  effective  slope 
with  a  slight  encroachment  on  the  canal  and  flume  freeboard  near  the 
upper  end.  Many  long  flumes,  without  the  possibility  of  this  method 
of  increase  in  energy  slope  to  an  extent  that  would  affect  the  complete 
length  of  flume,  have  lacked  materially  in  total  capacity. 

The  hydraulic  elements  and  elevations  of  the  canal  at  the  ends  of 
the  flume  and  the  elements  of  the  flume  proper  having  been  developed, 
the  flume  is  set  in  the  scheme  of  levels  to  provide  adequate  drop  in  the 
water  surface  for  the  necessary  acceleration  of  velocity  and  entry  loss 
and  also  to  provide  for  the  recovery  of  a  reasonable  amount  of  velocity 
head  at  the  outlet  and  a  distinct  loss  of  energy  expressed  as  the  velo- 
city head  that  is  not  recovered. 

After  the  dimensions  of  canal  and  intervening  flirnie  sections  and 
their  relative  positions  in  the  vertical  plane  have  been  determined, 
the  bottom  profile  in  terms  of  available  velocities  must  be  studied 
under  the  assumption  that  more  or  less  debris,  rolling  along  the 
channel  bottom,  will  be  present.  Very  few  canals  are  free  from  such 
detritus.  With  slightly  accelerated  velocities,  this  debris  will  climb 
a  gentle  upward  incHne  but  heavy  debris  will  lodge  against  a  vertical 
upward  offset  in  the  bottom.  Sugar  sand  will  travel  in  dunes  down 
a  channel  and  will  be  picked  up  by  the  scurry  of  the  eddy  always 
present  just  above  such  an  offset,  and  continue  its  way  down  the 
canal.  Sharp  offsets  in  profile  are  to  be  avoided  as  they  are  generally 
indicative  of  hydraulic  losses  and  roughness  of  flow. 

After  flumes  are  built,  the  difference  between  long  and  short  struc- 
tures becomes  apparent.  The  long  flume  always  has  some  length 
conveying  flow  that  is  relatively  uniform  without  regard  to  the 
amount  flowing.  The  short  flume  seldom  attains  even  approximately 
uniform  flow  conditions  except  by  coincidence  and  with  a  discharge 
close  to  the  design  Q' . 

The  short  flume  and  the  extreme  ends  of  a  long  flume,  for  flows 
other  than  those  close  to  design  Q\  may  have  drop-down  or  back 
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water  curves,  critical  flow  points,  hydraulic  jumps,  and  lag  in  the 
surface  drop  at  the  inlet.  These  may  or  may  not  develop  operation 
troubles. 

A  long  drop-down  curve  may  be  used  in  a  flume  with  a  brink  outlet 
into  a  pool,  for  all  possible  stages  of  tail  water,  to  save  in  construction 
by  reducing  the  total  depth  as  the  outlet  is  approached.  That  is,  the 
flume  may  be  made  shallower  as  the  velocity  is  increased,  until 
critical  velocity  at  the  brink  is  reached. 

For  a  long  or  short  flume,  the  concave  surface  curve,  when  indicat- 
ing true  backwater  by  reduction  in  the  effective  slope,  always  is 
accompanied  by  reduced  capacity,  for  any  given  depths,  compared 
with  usual  design  elements. 

For  a  short  flume,  the  convex  surface,  indicating  drop-down  curve 
by  increase  in  the  effective  slope,  always  is  accompanied  by  increased 
capacity  for  any  given  depth.  The  shorter  the  flume,  the  greater  is 
this  increase.  For  a  given  length  of  flume,  the  upper  limit  of  this 
increase  takes  place  when  water  reaches  the  outlet  end  of  the  flume 
at  critical  depth.  Further  depression  of  the  water  in  the  canal  below 
the  outlet  does  not  further  increase  the  capacity  of  the  structure. 

A  long  flume  is  not  improved  in  capacity  by  a  drop-down  curve  at 
the  outlet  end.  The  upper  end  still  remains  the  controlHng  factor. 
Wherever  feasible,  water  should  be  conveyed  to  a  chute-flume  in  a 
direct  line  with  the  axis  of  the  chute.  If  it  is  necessary  to  break  the 
constructed  bottom  grade  of  the  chute,  thereby  increasing  the  gradient 
the  bottom  should  be  curved  so  gradually  that  the  trajectory  of  the 
jet  will  not  tend  to  leap  clear  of  the  bottom,  causing  vacuum  troubles. 
The  resulting  cavitation  may  cause  the  floor  of  a  plank  chute  to  be 
crushed  inward  by  atmospheric  pressure  until  the  jet  strikes  plank 
ends  and  tears  off  the  bottom. 

Extra  freeboard  is  desirable  for  the  first  20  or  30  feet  of  flume  to 
care  for  rough  water  and  lag  in  the  surface  drop  while  flume  velocity  is 
being  developed.  This  is  easily  accompHshed  in  concrete  or  wood- 
plank  fluming.  In  metal  flumes  longer  sheets  may  be  bent  to  the  shape 
of  the  standard  flume  section  and  the  excess  length  divided  between 
the  two  sides  as  extra  freeboard.  The  stringers  for  the  first  two  bents 
mav  be  raised  to  care  for  this  additional  freeboard. 

A  prevalent  understanding  of  the  past,  expressed  both  verbaUy  and 
in  published  articles,  has  been  to  the  effect  that  there  would  be  no 
recovery  of  velocity  head  at  the  outlet.  Partial  recovery  is  nearly 
always  present  except  where  water  goes  over  the  outlet  end  of  the 
flimie  as  a  brink  with  free  faU,  critical  depth  occurring  a  short  distance 
above  the  brink.  Recovery  of  from  50  to  80  percent  can  be  relied 
upon. 

High  velocities  cannot  be  depended  on  to  keep  a  flume  clear  of  moss 
and  algae  growth.  Most  operators  of  irrigation  systems  are  familiar 
with  conduit  structures  with  velocities  up  to  perhaps  20  feet  per 
second  in  which  such  growths  thrive.  Ordinary  flume  velocities 
should  be  considered  wholly  ineffective  to  reduce  such  growths. 
Shade,  such  as  is  provided  by  a  thick  row  of  trees,  or,  better  stiU, 
by  a  definite  flume  cover,  is  usually  effective  in  preventing  certain  types 
of  such  growths.  Experiments  should  be  made  or  advice  obtained 
from  botanists  before  expensive  construction  is  undertaken. 

An  apparent  paradox  exists  in  the  action  of  abrasive  matter  carried 
by  a  flume.     Usually,  it  is  necessary  to  limit  the  permissible  high 
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velocity  in  order  to  prevent  abrasion  as  rough  material  is  dragged 
along  the  bottom.  High  flume  velocities  may  not  prevent  scour  by 
heavy  detritus,  but  sand  and  fine  gravel  are  raised  off  the  bottom  and 
whirled  along  in  the  water  prism.  This  suggests  the  deduction  that 
low  flume  velocities  (but  materially  higher  than  ordinary  canal  veloc- 
ities) may  allow  scouring  of  the  bed,  while  very  high  velocities,  say 
12  feet  or  more,  may  materially  lessen  scouring,  except  by  heavy 
material  that  may  be  easily  trapped  before  it  enters  the  flume. 
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INTRODUCTION 

It  is  well  known  to  plant  investigators  that  unfavorable  environ- 
mental conditions  (commonly  known  as  stress  conditions)  may 
cause  extensive  alterations  in  the  development  of  plants.  Those 
who  have  made  a  scientific  study  of  the  cotton  plant  are  familiar 
with  the  differences  in  the  habits  of  growth  and  characteristics  of 
the  same  varieties  and  strains  of  cotton  when  planted  under  ex- 
tremely different  climatic  conditions.  The  shape  of  the  plants,  the 
form  and  texture  of  the  leaves  and  bolls,  the  number  of  carpels  in 
the  bolls,  the  length  and  abundance  of  the  fiber,  and  even  the  amount 
of  fuzz  on  the  seed  may  be  subject  to  alterations  from  changes  in 
environment. 

Modifications  are  also  brought  about  by  unfavorable  conditions 
of  growth.  It  appears  that  little  attention  has  been  given  to  effects 
of  this  sort,  although  in  some  of  the  irrigated  valleys  of  the  South- 
western States  they  present  some  of  the  most  important  problems 
of  production.  The  irregular  conditions  of  growth  in  some  parts 
of  the  irrigated  region  not  only  cause  serious  losses  in  yield  but  are 
responsible  for  lack  of  uniformity  and  strength  in  the  fiber.    Some 

^  The  writer  is  indobtod  to  H.  F.  Looniis,  associate  agronomist,  and  Claude  Hope,  Junior 
horticulturist,  of  the  Division  of  Cotton,  Rubber,  and  Other  Tropical  Plants,  who  made 
the  photographs  and  rendered  valuable  assistance  in  collecting  the  data  for  this  study-: 
and  to  C.  A.  Moosberg,  scientific  aid,  of  the  same  division,  and  G.  J.  Harrison,  associate 
agronomist,  of  the  Division  of  Egyptian  Cotton  Breeding,  who  made  the  fiber  arrays  with 
the  Baer  sorter. 
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of  the  manufacturers  who  have  received  shipments  of  cotton  of 
poor  quality  from  the  irrigated  valleys  have  become  prejudiced 
against  all  cotton  grown  under  irrigation,  although  it  is  well  known 
that  much  cotton  of  good  quality  is  produced  in  these  areas.  The 
fact  that  the  States  in  which  most  of  the  irrigated  cotton  is  grown 
usually  produce  higher  average  yields  per  acre  than  the  other 
cotton-growing  States  provides  evidence  that  conditions  for  the 
most  part  are  favorable. 

The  irregularity  of  the  fiber  in  the  bales  is  not  always  detected 
in  the  usual  methods  of  commercial  classing,  and,  as  the  same  price 
is  paid  for  cotton  grown  under  unfavorable  as  for  that  grown 
under  favorable  conditions,  the  growers  have  little  inducement  to 
take  the  precautions  necessary  to  produce  uniform  fiber. 

Investigations  have  shown  that  much  of  the  irregularity  is  caused 
by  soil  variation  and  by  differences  in  cultural  practices,  especially 
as  regards  irrigation.  As  a  result,  the  plants  are  much  better 
grown  in  some  fields  than  in  others,  and  the  conditions  of  growth 
are  reflected  notably  in  the  size  and  normal  maturity  of  the  bolls 
and  in  the  quality  of  the  fiber. 

The  damage  to  the  plants  can  be  seen  easily  by  an  inspection 
of  the  fields,  and  it  is  entirely  practicable  to  separate  the  damaged 
from  the  good  cotton  at  picking  time. 

A  study  of  some  of  the  effects  of  unfavorable  conditions  on  the 
cotton  plants  in  the  Salt  and  Gila  River  Valleys  of  Arizona  was 
made  by  the  writer  during  the  years  1926  to  1931.^  The  purpose  of 
the  study  was  to  determine  the  extent  of  the  damages  suffered  by 
the  plants,  with  special  effort  to  ascertain  whether  the  quality  of 
the  lint  was  seriously  affected.  A  further  aim  of  the  investigation 
was  to  learn  the  differences  between  the  injuries  to  the  plants  result- 
ing from  unfavorable  soil  conditions  and  those  caused  by  the  crazy- 
top  disorder.  The  data  <^btained  in  studying  the  effects  of  stress  and 
crazy  top  on  Acala,  ivieDane,  and  Pima  cotton  are  presented  and 
discussed  in  this  bulletin. 

RELATION  OF  IMPERVIOUS  SOILS  TO  STRESS  EFFECTS 

There  is  great  variation  in  soil  types  and  soil  conditions  in  the 
principal  cotton-growing  areas  of  Arizona.  In  a  single  small  field 
there  may  be  several  areas  with  physical  properties  so  different  as 
to  require  different  cultural  treatments  in  order  to  produce  the  best 
results.  The  condition  that  usually  presents  the  greatest  difficulty  in 
the  application  of  irrigation  water  is  the  impervious  character  of 
some  of  the  soils.  Areas  in  which  the  soil  is  extremely  hard  and 
resistant  to  water  penetration  are  referred  to  locally  as  "  slick 
spots."  Some  of  these  do  not  absorb  enough  water  to  support 
plants  and  therefore  remain  barren  throughout  the  year.  In  others 
the  cotton  plants  undergo  varying  degrees  of  stress,  sometimes 
receiving  only  a  slight  check  in  growth,  but  often  their  development 
is  so  affected  that  large  portions  of  the  buds  and  bolls  are  aborted. 


2  The  writer  has  discussed  in  a  previous  publication  (15)  »  a  condition  of  water  stress 
which  often  afifects  cotton  plants  that  have  made  luxuriant  growth  even  when  soil  moisture 
is  present  in  available  quantities. 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  33. 
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the  fruiting  branches  are  shortened,  the  bolls  are  reduced  in  size, 
and  the  lint  and  seed  fail  to  develop  normally  (fig.  1). 

In  the  early  years  of  the  cotton  industry  in  Arizona  little  atten- 
tion was  given  by  the  growers  to  the  impermeable  areas,  but  in  recent 
years  it  has  been  observed  that  some  of  the  land  that  has  been 
cropped  to  cotton  continuously  for  several  years  has  become  more 
impervious.  The  "  spotted  "  condition  has  increased,  and  in  some 
cases  entire  fields  have  shown  a  tendency  to  "  seal  up  ",  rendering  it 
difficult  to  grow  crops  of  plants  satisfactory  in  size  or  productive 
in  character. 

The  Pima  type  of  Egyptian  cotton,  which  was  grown  exclusively 
in  some  of  the  large  valleys  for  several  years,  is  not  as  susceptible 
to  the  adverse  conditions  associated  with  impervious  soil  areas  and 
faulty  cultural  methods  as  the  upland  type.  Although  it  was  noted 
from  the  first  that  plants  and  bolls  were  reduced  in  size  by  the 
insufficient  moisture  supply,  it  was  not  apparent  that  the  quality  of 
the  lint  was  greatly  impaired  or  that  the  plants  were  greatly  de- 


FlGUBE    1.- 


-Acala  cotton  grown  In  an  impervious  area  or  "  slick  spot "  on  the  Gila  River 
Indian  Reservation  in  1931. 


ranged  or  unproductive.  With  the  increase  of  the  acreage  planted 
to  upland  varieties  the  greater  difficulty  of  properly  irrigating  this 
cotton  was  recognized  and  the  problem  of  obtaining  adequate  depth 
of  water  penetration  became  more  general  and  more  serious. 

In  recent  years  it  has  been  observed  that  lint  of  the  Pima  variety 
also  suffers  some  injury  when  the  stress  conditions  are  very  severe. 
Under  some  conditions  many  of  the  bolls,  even  on  large  plants,  may 
be  "  pinched  "  and  contain  lint  that  is  of  very  poor  quality. 

The  cotton  plants  in  Arizona  are  exposed  to  extremely  high  tem- 
peratures during  the  summer  months  and  are  thrown  off  balance  if 
the  soil  and  moisture  conditions  are  not  favorable.  In  areas  where 
the  soil  conditions  are  such  that  moisture  is  not  regularly  available 
for  absorption  by  the  roots,  the  plants  react  in  many  different  ways 
to  the  influence  of  high  temperatures.*    The  most  characteristic  be- 


*  Cook,  O,  F.     cotton  in  irrigated  distbicts.     U.S.  Dept.  Agr.  Press  Serv.  Release, 
4  p.     Oct.  3,  1028.     [Mimeographed.] 
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havior  is  the  suppression  of  growth  and  the  excessive  shedding  of 
young  fruits,  but  in  many  cases  there  is  a  great  diversity  in  the 
shape  of  the  plants,  bolls,  and  leaves,  the  arrangement  of  vegetative 
and  fruiting  branches,  the  length  and  abunda^^ce  of  the  lint,  and 
the  size  and  fuzziness  of  the  seed. 

THE  CRAZY-TOP  DISORDER 

In  addition  to  the  modification  of  plant  structures  and  characters 
that  can  be  considered  as  ordinary  effects  of  water  deficiency  and 
impervious  soils,  changes  of  a  more  severe  type  caused  by  a  growth 
disorder  called  crazy  top  occur  in  some  of  the  irrigated  valleys 
of  the  Southwest.  The  symptoms  and  effects  of  this  disease  have 
been  described  by  Cook  (8)  and  by  King  and  Loomis  (^6),  The 
name  "  crazy  top "  was  applied  by  the  farmers  because  of  the 
abnormalities  of  growth  which  became  more  apparent  in  the  latter 
part  of  the  season.  Its  peculiar  manifestations  and  mode  of  occur- 
rence have  been  puzzling  to  growers  and  investigators  alike,  and, 
since  one  of  its  principal  effects  is  to  render  plants  sterile,  it  has 
been  responsible  for  rather  serious  losses  in  some  fields.  Instead 
of  all  of  the  plants  being  affected  alike,  there  is  a  great  diversity 
among  them.  Some  become  dwarfed  and  bushy,  while  others  grow 
tall  and  spindling  with  nearly  all  fruiting  branches  suppressed. 
Many  vegetative  branches  develop  in  the  tops  of  the  plants  in  posi- 
tions normally  occupied  by  fruiting  branches.  All  parts  of  the 
plants  may  be  affected.  The  leaves  are  often  reduced  in  size,  thick- 
ened, rounded,  and  cupped.  The  flowers  are  usually  small,  with 
many  of  the  organs  undeveloped.  In  extreme  cases  the  stigmas  are 
depressed  below  the  anthers,  and  the  anthers  are  defective  and  do 
not  produce  pollen.  In  Egyptian  cotton  the  petal  spots  of  affected 
flowers  are  less  deeply  colored  than  those  of  normal  flowers.  The 
bolls  are  often  small  and  distorted  in  shape.  A  large  proportion  of 
the  seeds  are  aborted,  and  those  that  develop  are  often  reduced  in 
size.  The  lint  is  usually  short,  weak,  and  scant.  Upland  plants 
may  be  affected  so  seriously  that  no  long  lint  develops  and  the  seeds 
are  covered  with  a  dense  matting  of  fuzz. 

It  has  been  recognized  by  King  and  Loomis  (16)  that  the  severity 
of  the  crazy-top  disorder  is  influenced  by  the  conditions  under  which 
the  plants  are  grown  and  that  improvement  of  the  soil  and  moisture 
conditions  greatly  reduces  the  injuries  and  abnormalities.  This  rela- 
tionship might  be  considered  as  evidence  that  severe  stress  conditions 
cause  the  disorder,  but  it  would  then  be  necessary  to  assume  that  the 
stress  conditions  here  are  different  from  those  in  other  cotton-grow- 
ing areas,  since  cotton  plants  elsewhere  have  been  subjected  to  many 
kinds  of  unfavorable  environment  without  producing  such  effects. 
The  fact  that  crazy  top  does  not  occur  in  all  of  the  fields  that  are  in- 
jured by  unfavorable  conditions  places  it  in  a  class  apart  from  the 
ordinary  effects  of  stress  with  which  most  cotton  growers  are 
familiar. 

Several  theories  as  to  the  causes  of  the  crazy-top  disorder  have 
been  advanced,  but  so  far  none  of  them  has  been  proved.  Cook 
(6,  7)  has  pointed  out  the  similarity  of  this  disorder  to  those  observed 
in  China  and  Haiti,  which  appear  to  be  virus  diseases  transmitted  by 
insects.    Some  investigators  have  suggested  that  toxic  substances  in 
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the  soil  are  responsible,  and  others  attribute  the  disorder  to  a  de- 
ficiency of  available  phosphates.  Chemical  analyses  made  by  the 
writer  and  his  associates  to  determine  the  quantities  of  the  various 
elements  of  nutrition  in  the  ash  of  the  affected  plants  and  in  the 
soil  where  they  were  grown  have  shown  no  indication  of  a  lack  of 
phosphates.  Phosphatic  fertilizers  were  applied  to  the  soil  in  dry 
form  in  drills  before  planting  and  were  also  injected  as  solutions 
after  planting,  but  they  failed  to  affect  the  severity  of  the  disorder. 

The  effects  of  this  disorder  and  those  of  water  shortage  are  much 
alike  and  respond  to  the  same  cultural  treatment,  but  they  are  by 
no  means  the  same.  In  this  bulletin  the  terms  "  ordinary  "  or  "  nor- 
mal "  stress  will  be  used  to  refer  to  the  effects  that  are  obviously 
caused  by  a  shortage  of  moisture  in  impervious  soils,  and  "  crazy 
top  "  will  be  used  to  distinguish  the  effects  that  occur  on  plants  that 
are  definitely  aberrant  in  character,  especially  from  the  standpoint 
of  sterility  and  abnormal  branching,  even  under  Conditions  that  per- 
mit normal  growth  of  adjacent  plants. 

Regardless  of  its  cause,  the  recent  increased  prevalence  of  crazy 
top  in  Arizona  and  its  serious  effects  on  the  cotton  plants  make  it 
necessary  to  include  it  in  any  study  that  has  to  do  with  the  improve- 
ment of  the  quality  of  the  cotton  that  is  grown  in  the  irrigated 
region. 

STRESS  EFFECTS  AND  INHERENT  ABNORMALITIES 

The  diversity  in  cotton  plants  as  a  result  of  water  deficiency  and 
the  crazy-top  disorder  in  the  irrigated  areas  has  been  so  pronounced 
that  many  growers  and  even  some  plant  investigators  have  been  in- 
clined to  question  the  purity  of  the  seed  stocks.  Complaints  are 
frequently  heard  in  the  Salt  River  Valley  of  Arizona  that  the  seed 
stocks  of  the  Acala  variety  are  "running  out."  The  evidence  ad- 
vanced is  that  the  plants  are  not  uniform,  the  bolls  are  too  small  and 
round,  and  the  lint  is  too  short.  Some  growers,  ginners,  and  buyers 
of  Pima  cotton  maintain  that  the  Pima  cotton  grown  in  the  Salt 
River  Valley  is  deteriorating  because  many  of  the  plants  show 
abnormalities,  the  bolls  are  smaller,  the  seed  fuzzier,  and  the  lint 
shorter  and  whiter  in  color  than  in  years  past  (JO).  The  plea  is 
made  for  new  seed  stocks  and  greater  improvement  by  breeding. 

Experiments  have  shown  that  the  diversity  and  abnormalities 
above  described  have  no  relationship  to  the  purity  of  the  seed  stocks. 
Pure  strains  obtained  directly  from  reputable  cotton  breeders  have 
exhibited  all  sorts  of  abnormalities  when  planted  on  refractory  soils. 
In  one  instance  seed  of  two  pure  strains  of  Acala  cotton  obtained 
from  a  breeder  in  California  were  planted  in  two  adjacent  row  sec- 
tions, 100  feet  long,  in  an  area  of  impervious  soil  where  previous 
crops  had  been  affected  with  crazy  top.  Good  stands  were  obtained, 
but  when  the  plants  were  examined  in  the  fall  their  growth  was  so 
distorted  that  they  scarcely  resembled  cotton  plants.  Practically  all 
the  branches  were  vegetative,  and  all  the  plants  were  sterile  except 
three  or  four,  which  had  failed  to  develop  any  lint  except  a  tvpe  of 
"substaple*'  or  fuzz  which  was  densely  matted  on  the  seed  (fig.  2). 
On  account  of  the  large  proportion  of  aborted  seeds  and  the  failure 
to  develop  long  intermeshing  fibers,  the  seeds  were  not  firmly  united 
into  locks.    The  seeds  from  a  few  of  these  bolls  were  planted  the 
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following  year  on  good  soil,  and  the  few  that  germinated  produced 
normal  and  productive  plants. 

It  is  not  surprising  that  growers  should  become  alarmed  by  the 
great  amount  of  diversity  shown  in  some  fields,  and  attribute  it  to 
the  impurity  of  the  seed.  The  aberrant  plants  are  similar  in  many 
ways  to  those  observed  in  fields  planted  with  mongrel  seed  stocks  {18). 
Cook  has  pointed  out  in  several  publications  (-5,  4,  8)  the  similarity 
between  the  diversity  aroused  by  placing  a  variety  under  new  or 
unfavorable  conditions  and  that  induced  by  hybridization,  and  he 
makes  special  reference  to  the  fact  that  the  rounded  bolls  induced 
by  severe  stress  have  shorter  lint  just  as  when  there  has  been  a 
permanent  change  of  character  as  in  round-boiled  reversions  or 
mutations. 

The  similarity  between  some  of  the  stress-affected  and  crazy-top 
plants  and  off-type  or  rogue  plants  would  make  it  difficult  even  for 
trained  observers  to  carry  en  successful  roguing  operations  in  some  of 
the  upland  fields  in  Arizona.  To  make  progress  in  breeding  under 
such  conditions,  the  breeder  would  be  obliged  to  make  an  intensive 
study  of  the  plant  reactions  under  stress,  and  even  then  it  might 
not  be  possible  to  distinguish  some  of  them  from  inherent  characters. 

In  order  to  obtain  some  information  regarding  the  inheritance  of 
some  of  the  unusual  characters,  such  as  nearly  naked  seeds  and  round 
bolls,  which  came  into  expression  in  impervious  soil  areas,  plantings 
of  seed  of  known  purity  were  made  on  some  of  the  areas.  Seeds 
were  obtained  from  such  plants  as  produced  nearly  naked  seeds  or 
round  bolls  and  were  planted  the  following  year  on  good  soil.  The 
progeny  plants  developed  from  these  selections  were  normal  in  all 
respects.  Some  selections  that  were  nearly  naked  seeded  w^ere  also 
made  from  impervious  spots  planted  to  a  somewhat  mixed -commer- 
cial stock  of  Acala.  The  plants  were  fairly  uniform  and  only  one 
Or  two  naked-seeded  plants  were  found  in  parts  of  the  field  where 
soil  conditions  were  favorable.  In  the  impervious  area,  however, 
the  diversity  was  great  and  many  round-boll  types  were  observed. 
In  some  spots  from  3  to  11  percent  of  the  plants  produced  seed  that 
showed  only  a  thin  covering  of  fuzz  and  many  of  the  seeds  were 
almost  naked.  Selections  were  made  from  these  types  and  the  seeds 
were  planted  in  good  soil  the  following  year.  A  small  percentage 
of  the  sparse-fuzz  selections  produced  progenies  with  sparse-fuzz 
seeds;  the  others  produced  normal  fuzzy -coated  seeds. 

CLASSIFICATION  OF  PLANT  AND  BOLL  TYPES  AFFECTED  BY 
STRESS  CONDITIONS 

The  study  of  reactions  of  cotton  plants  to  improper  water  relations 
was  carried  on  for  the  most  part  in  six  fields,  in  which  both  favorable 
and  unfavorable  soil  conditions  existed,  and  crazy-top  data  were 
obtained  from  two  fields.  The  variety  grown  in  field  1  was  Mebane ; 
in  fields  2  to  4,  Acala;  and  in  fields  6  and  7,  Pima.  Field  5,  which 
was  planted  to  Acala,  and  field  8,  planted  to  Pima,  contained  areas 
affected  with  crazy  top,  but  in  these  no  plant  or  boll  classification 
was  attempted.  In  each  field  where  ordinary  stress  effects  were 
studied  a  group  of  plants  that  showed  injuries  and  a  group  that  ap- 
peared to  be  normal  were  selected  for  examination.  The  area  oc- 
cupied by  each  group  of  plants  was  approximately  20  by  75  feet. 
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Figure  2. — ^5eedH  aud  lint  from  Acala  cotton  plants  severt'ly  affectt'tl  with  crazy  top.  A, 
Seeds  with  abundant  fuzz,  but  no  long  flbors ;  B,  variation  in  length  of  lint  from  bot- 
tom to  top  of  a  single  plant.    The  bolls  often  show  no  effect  of  crazy  top. 
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Since  the  injuries  and  abnormalities  were  by  no  means  confined  to 
plants  that  had  been  stunted  or  restricted  in  size,  effort  was  made  to 
select  stress-afFected  areas  in  which  about  half  of  the  plants  were 
reduced  in  size  and  the  other  half  were  of  normal  size  but  showing 
unmistakable  evidence  of  injury. 

In  the  three  Acala  fields  where  water-stress  effects  were  studied, 
the  plants  were  examined  in  consecutive  order  as  they  stood  in  the 
rows,  and  each  was  classed  according  to  plant  and  boll  size  and  type. 
The  summarized  classification  of  the  group  of  stress-affected  plants 
examined  in  the  impervious  areas  in  these  fields  is  given  in  table  1. 
The  normal  plants  that  were  examined  in  the  same  fields  showed 
little  variation  in  plant  or  boll  type,  and  no  classification  was  possi- 
ble. The  plants  in  the  Mebane  field  at  the  time  of  observation  were 
too  far  advanced  in  maturity  to  permit  a  classification  of  the  types 
of  unopened  bolls.  It  was  also  found  impracticable  to  measure  the 
effects  of  stress  on  the  Pima  plants  even  under  the  worst  environ- 
mental conditions.  The  effects  were  much  the  same  for  each  plant 
and  the  injuries  were  not  nearly  so  great  as  those  shown  by  the  up- 
land plants  under  similar  conditions.  The  plants  were  frequently 
stunted,  and  these  as  well  as  many  plants  of  normal  size  often  showed 
almost  barren  fruiting  branches  on  the  lower  half  of  the  plants. 
The  bolls  were  usually  reduced  in  size,  but  there  was  little  diversity 
in  the  type  of  bolls  or  plants. 


Table  1. — Summarized  claHsiflcation  of  the  various  types  of  plants  and  bolls 
of  Acala  cotton  modified  by  sftress  conditions  in  three  impervious  soil  areas, 
1,500  square  feet  in  extent,  in  the  Salt  River  Valley  of  Arizona,  in  1930 


Classification  of  bolls 


Percentage  of  bolls  in  the  plant 
types  as  indicated 


Normal 
(235  plants) 


Semi- 
cluster 
(98  plants) 


Stunted 
(309  plants 


Bolls  normal  in  size 

Bolls  stunted  in  size 

Bolls  normal  in  shape_- 

BoUs  round 

Bolls  pointed 

Bolls  deformed  in  shape 


54.0 
46.0 
17.9 
48.9 
14.0 
19.1 


38.8 
61.2 
24.5 
31.6 
21.4 
22.4 


24.3 


In  making  the  classification  of  Acala  plants,  as  shown  in  table  1, 
it  was  found  that  the  most  characteristic  effect  of  stress  was  the 
reduced  size  of  the  plants.  However,  many  of  them  showed  evidence 
of  having  been  checked  at  some  period  in  their  development,  but 
later  they  had  resumed  growth  at  a  rate  such  as  to  make  them  as 
large  or  larger  than  the  average  size  under  the  best  conditions  in 
the  field.  In  some  spots  there  was  a  tendency  for  the  fruiting 
branches  to  be  restricted  in  length  and  to  have  shortened  internodes, 
especially  in  the  upper  half  of  the  plants.  On  account  of  their  re- 
semblance to  some  of  the  semicluster  varieties  this  type  was  classed 
as  ''  semicluster."  Affected  plants  of  normal  size  were  divided  into 
two  classes,  semicluster  and  normal.  The  normal  classification  was 
applied  to  the  plants  of  open  habits  of  growth  with  long- jointed 
fruiting  branches  resembling  plants  typical  of  the  variety  in  good 
soil.     The  stunted  plants  were  not  divided  into  classes,  as  their 
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individual  types  were  not  brought  into  expression  so  distinctly  as 
those  of  the  larger  plants. 

There  was  great  diversity  in  the  characters  of  the  bolls,  leaves,  and 
branches  of  both  normal  and  stunted  plants,  but  the  latter  frequently 
set  a  large  niimber  of  small  bolls  late  in  the  season,  and  these  were 
usually  rounded  in  shape  and  deformed. 

It  will  be  noted  from  the  classification  in  table  1  that  very  few  of 
the  plants  in  the  bad  areas  were  normal  as  to  both  plant  type  and  boll 
type.  The  greatest  number  of  off-type  and  malformed  bolls  were 
found  on  the  plants  that  were  stunted  in  size  and  had  many  small 
bolls.  However,  there  were  many  off -type  and  deformed  bolls  on 
plants  that  were  classed  as  normal  in  size  or  as  semicluster. 


Figure  3. — Diversity  in  Acalu  cotton  i)lauts  atltttctl  by  water  stress  in  an  impervious 
area  of  soil  :  A,  Spindling  plant  with  fruiting  brandies  suppressed  ;  B,  dwarf  plant, 
with  excessive  development  of  vegetative  branches  on  higher  nodes ;  G  and  D,  inter- 
mediate types ;  E  and  F,  plants  with  a  late  crop  of  bolls  produced  after  excessive  shed- 
ding ;  G,  plant  from  lower  end  of  field  where  irrigation  water  was  impounded. 

INDIVIDUAL  PLANT  DIVERSITY 

As  with  crazy  top,  one  of  the  striking  effects  of  water  stress  on 
cotton  plants  as  manifested  in  slick  spots  is  the  great  individual  di- 
versity. Most  of  the  plants  are  reduced  in  size,  out  adjacent  plants 
may  show  great  differences,  especially  in  the  arrangement  of  vegeta- 
tive branches,  the  length  of  fruiting  branches  and  internodes,  and 
the  location  and  maturity  of  bolls.  This  diversity  is  illustrated  by 
the  group  of  plants  shown  in  figure  3,  which  were  selected  from  a 
slick  spot  near  Casa  Grande,  Ariz.,  in  1926.  In  some  individuals 
the  fruiting  branches  are  so  shortened  or  suppressed  that  the  plants 
have  a  tall  whiplike  appearance,  as  shown  in  figure  3,  A.  Others 
show  a  development  of  vegetative  branches  not  only  at  the  lower 
nodes  of  the  main  axis  but  also  at  many  nodes  near  the  middle  of 
the  plant,  as  illustrated  by  figure  3,  B  and  D.  Some  of  the  plants 
after  shedding  excessively  during  the  heat  of  the  summer  are  able  to 
make  sufficient  recovery  to  develop  a  top  crop  of  bolls  late  in  the 
season,  as  shown  in  figure  3,  E  and  F,  but  the  bolls  are  usually  small 
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and  seldom  reach  maturity.  The  behavior  of  plants  in  impervious 
areas  where  the  water  "  ponded  "  at  the  lower  end  of  the  field  is 
illustrated  in  figure  3,  G.  Under  this  condition  sufficient  water  was 
absorbed  by  the  soil  to  furnish  the  plants  a  fairly  steady  supply,  and 
they  were  able  to  develop  a  normal  boll  or  two  on  almost  every  fruit- 
ing branch,  although  shedding  was  heavy. 

Cook  (8)  made  reference  to  the  great  diversity  in  plants  affected 
with  the  crazy-top  disorder.  The  range  of  differences  is  even  wider 
than  in  plants  that  show  normal  stress  reactions,  but  in  some  ways 
the  effects  are  similar  (fig.  4) .  Some  plants  affected  with  crazy  top 
have  the  same  spindling  whiplike  development  that  results  from  a 
suppression  of  the  fruiting  branches  (fig.  4,  ^).  Other  types  show 
the  excessive  development  of  vegetative  branches  at  the  expense  of 
fruiting  branches  at  the  nodes  on  the  middle  portions  of  the  plant 
(fig.  4,  5).  A  crazy-top  type  that  is  distinct  from  any  of  the  types 
resulting  from  normal  stress  effects  is  that  in  which  the  fruiting 
branches  in  the  upper  part  of  the  plant  are  partially  or  completely 
transformed  or  replaced  by  vegetative  branches  (fig.  4,  C).  There 
are  many  other  distinctions  between  crazy-top  effects  and  normal 
stress  effects,  but  they  have  little  bearing  on  the  general  type  of  the 
plant. 

EFFECTS  ON  BOLLS 

The  effects  of  stress  on  the  bolls  is  as  great  as  on  the  branches. 
In  impervious  areas  the  bolls  of  both  Egyptian  and  upland  varieties 
are  usually  reduced  in  size  and  contain  fewer  seeds  than  those 
developed  under  favorable  conditions.  The  bolls  on  stressed  up- 
land plants  have  a  tendency  to  be  more  rounded  than  typical  bolls 
of  the  variety,  but  many  pointed  bolls  are  also  formed.  Many  of 
the  bolls  are  misshapen  or  lopsided,  on  account  of  the  poor  develop- 
ment of  one  or  two  carpels  (fig.  5).  Many  plants  late  in  the  season 
show  a  tendency  to  recover  from  the  stress  conditions  of  midsummer 
and  may  develop  an  unusual  number  of  late  bolls.  While  some  of 
these  may  be  normal  in  size  and  shape,  the  majority  are  small,  and 
in  upland  varieties  they  are  unusually  rounded.  The  Pima  bolls 
show  little  effect  of  stress  except  a  reduction  in  size  and  a  greater 
number  of  aborted  ovules  and  undeveloped  seeds. 

The  crazy-top  disorder  has  much  the  same  effect  on  the  bolls  as 
normal  stress  conditions,  but  the  injuries  are  often  more  serious 
(fig.  6). 

Bolls  from  normal  Pima  plants  grown  in  an  area  where  moisture 
conditions  were  favorable  and  bolls  from  stress-affected  plants  grown 
in  an  impervious  area  in  the  same  field  are  shown  in  figures  7  and  8. 

In  order  to  obtain  some  measure  of  the  severity  of  crazy-top 
effects  on  the  development  of  Pima  and  Acala  bolls,  representative 
samples  consisting  of  25  bolls  were  collected  from  25  affected  and 
25  unaffected  plants  of  each  variety,  and  the  average  weight  of 
bolls  and  the  average  number  of  seeds  and  aborted  seeds  were 
determined.    These  data  are  given  in  table  2. 
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FiouRB  4. — Acala  cotton  showing  diversity  in  plants  affected  witli  the  crazy-top  dis- 
order: A,  Spindling  plant,  the  fruiting  branches  being  suppressed  with  a  few  vege- 
tative branches  substituted  for  fruiting  branches  at  the  higher  nodes ;  B,  long 
vegetative  brancht«s  replacing  the  fruiting  branches  at  middle  and  upper  nodes ;  O, 
vegetative  branches  replacing  fruiting  branches,  especially  at  the  top. 
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Figure  5. — Bolls  of  Acala  cotton  from  plants  grown  in  an  area  of  impervious  soil  and 
affected  by  ordinary  water  stress.  (About  five  eighths  natural  size.)  Compare  with 
figure  0, 
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FiGURB  6. — Bolls  from  Acala  plants  affected  with  crazy  top.     Normal  boll  in  lower  right 
corner.     (About  nine  sixteenths  natural  size.)     Compare  with  figure  5. 
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Figure  7. — Normal   Pima   bolls   from   plants   grown   in   an   area   where   conditions   were 
favorable  for  water  penetration.     (Natural  size.)     Compare  witb  figure  8. 
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Figure  a. — Pima  bolls  from  plants  grown  in  an  urea  of  impervious  soil  in  llie  same  lield 
from  which  the  bolls  shown  in  figure  7  were  taken.     (Natural  size.) 
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Table  2. — Average  weight  of  seed  cotton  per  poll  and  number  of  normal  and 
aborted  seeds  from  normal  and  crazy-top  Pima  and  Acala  plants,  Salt  River 
Valley,  Ariz.,  1930 


Variety  and  field 

Average  weight  of 
seed  cotton  per 
boll 

Average  seeds  per 
boU 

Average  aborted 
seeds  per  boll  i 

Normal 

Affected 

Normal 

Affected 

Normal 

Affected 

Pima,  field  7 

Grams 
3.3 
3.2 
6.9 

Grams 
0.8 
1.5 
2.0 

Number 
16.9 
17.5 
34.3 

Number 
6.1 
10.1 
12.2 

Number 

2.4 

.2 

.6 

Number 
3.2 
2.1 
2  8 

Pima,  field  8 

Acala,  field  5 

'  Ovules  showing  no  development  were  not  included. 

It  will  be  noted  that  the  average  weight  of  seed  cotton  from  bolls 
affected  by  crazy  top  is  from  one  half  to  one  fourth  that  of  normal 
bolls.  The  average  number  of  seeds  per  boll  ranges  from  33  to  58 
percent  of  the  number  in  normal  bolls,  and  the  average  number  of 
aborted  seeds  is  much  greater  in  affected  than  in  normal  bolls. 

EFFECTS  ON  CHARACTER  OF  LINT 

While  there  is  great  variation  in  the  kind  of  cotton  sought  by 
different  manufacturers,  certain  qualities  are  desirable  and  some  are 
objectionable  to  all.  It  is  agreed  that  lots  of  cotton  in  which  the 
fibers  run  even  in  length  have  an  advantage  over  lots  containing 
mixtures  that  differ  greatly  in  staple  length.  It  is  also  known  that 
immature  fibers  give  difficulty  in  the  spinning  process,  tending  to 
increase  the  waste  and  to  make  a  product  that  is  weak  and  "  neppy." 
Hawkins  (12)  has  shown  that  some  of  the  neps  are  made  up  largely 
of  thin-walled  immature  fibers  that  are  knotted  and  tangled  to- 
gether. Uniformity  in  length  of  staple  and  ripeness  of  the  fibers 
are  qualities  that  are  much  more  important  than  uniformity  of 
grade,  and  it  is  an  advantage  for  cotton  growers  to  be  familiar  witli 
the  factors  that  influence  length  and  uniformity. 

Much  has  been  recorded  in  cotton  literature  concerning  the  in- 
feriority of  fiber  resulting  from  mixed  or  mongrelized  stocks  of 
seed,  but  only  a  few  investigators  have  given  consideration  to  soil 
variations  or  cultural  conditions  as  factors  that  may  seriously  affect 
the  quality  and  value  of  the  lint.  Kearney  (13)  found  that  the 
Egyptian  type  of  cotton  was  sensitive  to  variation  in  the  texture  of 
the  soil  and  to  the  presence  of  alkali  salts,  and  that  the  quality  of 
the  lint  was  affected,  as  well  as  the  size,  appearance,  and  f ruitfulness 
of  the  plants.  ^  Brown  (2)  reports  cases  where  the  lint  from  several 
upland  varieties  grown  on  poor  land  was  on  an  average  shorter 
in  length  and  of  poorer  quality  tban  the  -average  of  the  same  varie- 
ties grown  on  good  land.  Cook  (5,  9)  iloks  given  recognition  to  the 
effects  of  climatic  and  soil  conditions/on  the  quality  of  the  lint  and 
has  advocated  the  classing  of  cotton  in  the  field  as  a  means  of  estab- 
lishing uniformity  of  staple  in  the  bales. 

Experiments  conducted  in  the  Salt  River  Valley,  Arizona,  in 
1923,  by  the  United  States  Department  of  Agriculture,  the  Arizona 
Agricultural  Extension  Service,  and  local  cotton  organizations  served 
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to  demonstrate  the  practicability  of  classing  Pima  cotton  in  the  field 
so  that  the  good  lint  could  be  kept  separate  from  the  poor  and 
packed  into  bales  in  even-runnin<jc  lots.  The  application  of  some 
method  for  keeping  separate  the  (lifferent  classes  of  lint  according 
to  quality  seems  as  well  justified  for  upland  varieties  as  for  Pima. 
Although  the  upland  lint  is  not  put  to  such  special  uses  as  that  of 
Pima,  the  greater  degree  of  injury  that  it  suffers  under  some  of  the 
unfavorable  conditions  that  obtain  in  the  irrigated  areas  makes  it 
seem  especially  important  that  precautions  be  taken  against  lowering 
the  value  of  the  good  fiber  by  mixing  it  with  stress-damaged  cotton. 

To  obtain  more  definite  data  on  the  relation  of  field  conditions 
to  fiber  development,  samples  of  seed  cotton  were  collected  from  por- 
tions of  six  of  the  fields  where  the  plants  showed  notable  effects  of 
water  stress  and  also  from  areas  where  conditions  were  most  favor- 
able and  the  plants  were  least  affected.  Samples  were  also  obtained 
from  part  of  a  field  of  Pima  cotton  where  the  plants  were  affected 
by  crazy  top  and  from  another  part  of  the  same  field  where  the 
plants  were  normal.  One  sample  was  taken  from  a  field  of  Acala 
cotton  where  nearly  all  the  plants  were  affected  by  crazy  top,  and, 
for  comparisons  with  this,  a  sample  was  obtained  from  another  field 
where  the  plants  were  normal.  From  these  samples  were  determined 
the  number  of  bolls  per  pound  of  seed  cotton,  the  number  of  bolls 
per  pound  of  lint,  the  weight  of  100  seeds,  the  percentage  of  lint, 
and  the  lint  index  (19).  These  data  representing  the  two  conditions 
in  eight  fields  are  shown  in  table  3. 

Table  3. — Effect  of  water  ntress  and  the  crazy-top  disorder  on  the  holU  of  upland 

and  Pima  cotton 


Bolls  per  pound 

Bolls  per  pound 

Weight  of  100 

Percentage  of 

T.inf  inHa-r 

of  seed  cotton 

of  lint 

seeds 

lint 

LilUl,  ■T««i«.»- 

AAJV&VA, 

Condition,  variety, 

and  field 

Unaf- 

Af- 

Unaf- 

Af- 

Unaf- 

Af- 

Unaf- 

Af- 

Unaf- 

Af- 

fected 

fected 

fected 

fected 

fected 

fected 

fected 

fected 

fected 

fected 

Water  stress: 

Mebane: 

Number 

Number 

Number 

Number 

Grams 

Grams 

Field  1 

73.2 

122.2 

220.5 

336. 6 

12.4 

10.0 

33.2 

36.3 

6.2 

5.7 

Acala: 

Field  2. 

66.6 

116.9 

217.6 

407.3 

14.5 

12.2 

30.6 

28.7 

6.4 

4.9 

Field3 

57.4 

139.9 

175.0 

441.3 

15.0 

11.4 

32.8 

31.7 

7.3 

5.3 

Field  4 

56.7 

123.5 

156.6 

388.4 

13.3 

9.7 

36.2 

31.8 

7.5 

4.5 

Crazy  top: 

Acala: 

Fields 

65.4 

227.8 

231.1 

629.2 

13.6 

10.7 

32.2 

36.2 

6.4 

6.2 

Water  stress: 

Pima: 

Field  6 

139.2 

200.5 

467.1 

795.6 

13.2 

12.0 

29.8 

25.2 

5.6 

4.0 

Field? 

158.3 

216.4 

582.0 

822.8 

12.3 

11.3 

27.2 

26.3 

4.6 

4.0 

Crazy  top: 

Pima: 

Fields 

142.0 

294.1 

473.3 

1,106.0 

12.7 

11.3 

30.0 

26.6 

5.5 

4.1 

It  will  be  seen  that  the  weight  of  the  contents  of  bolls  produced 
by  stress-affected  plants  was  from  30  to  60  percent  less,  and  on  crazy- 
top  plants  it  was  about  52  to  71  percent  less  than  that  on  normally 
developed  plants.  The  greatest  difference  occurred  on  the  Acala 
plants,  although  it  will  be  observed  that  the  differences  fluctuated 
considerably  in  the  four  fields  of  this  variety.    Without  exception, 
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the  weight  of  100  seeds  and  the  lint  index  were  materially  smaller  on 
stress-affected  plants  than  on  normal  ones. 

The  lint  percentage  was  greater  where  the  conditions  were  the 
most  favorable  in  all  samples  except  those  from  the  one  field  of 
Mebane  and  the  field  of  Acala  where  crazy  top  occurred. 

It  is  a  common  observation  that  the  lint  percentage  or  outturn  at 
the  gin  increases  as  the  lint  becomes  short  and  weak,  which  fre- 
quently happens  at  the  end  of  the  growing  season.  Such  a  result 
might  be  expected  from  a  shortening  of  the  fibers  due  to  water  stress, 
but  the  data  suggest  that  under  certain  conditions  of  stress  the  weight 
of  the  lint  is  reduced  to  an  even  greater  extent  than  the  weight  of  the 
seeds.  An  explanation  of  this  might  be  afforded  by  the  following 
statement  by  Balls  (1)  : 

If  a  boll  has  passed  through  severe  weather  in  the  flower  (young  boll)  stage, 
the  immediate  effect  will  be  diminished  sprouting  of  the  lint  hairs  with  ulti- 
mately a  low  outturn  as  the  consequence. 

It  will  be  noted  that  in  each  comparison  the  lint  index  is  smaller, 
and  in  some  cases  considerably  smaller,  for  the  samples  obtained 
from  stress-affected  or  crazy-top  plants  than  for  those  from  normal 
plants.  The  fact  that  the  lint  index  figures  (the  weight  of  lint  on 
100  seeds)  are  consistent  in  showing  differences  in  the  relative  abun- 
dance of  lint  produced  on  the  seeds  of  stressed  and  well-grown  cot- 
ton, while  the  lint  percentages  are  variable  and  misleading,  further 
emphasizes  the  superiority  of  the  lint  index  over  lint  percentage  as 
an  expression  of  abundance  of  lint. 

From  portions  of  the  samples  of  seed  cotton  the  fiber  on  individual 
seeds  from  different  plants  was  combed  out  to  full  length,  which 
made  it  possible  to  compare  the  extent  of  variations  in  length,  abun- 
dance, strength,  and  uniformity  of  lint  produced  under  the  different 
conditions. 

A  comparison  of  the  characters  of  lint  of  Acala  as  developed 
under  favorable  and  adverse  conditions  is  shown  in  figure  9.  The 
combings  shown  in  column  A  represent  the  type  produced  on  a  per- 
meable soil  of  high  water-holding  capacity  at  the  United  States 
Field  Station,  Sacaton,  Ariz.  Those  in  column  B  are  typical  of 
the  samples  obtained  from  the  most  favorable  soil  in  field  3,  and 
those  in  column  O  show  the  range  of  variations  exhibited  by  the 
samples  from  the  impervious  areas  in  field  3. 

In  this  comparison  it  will  be  noticed  that  there  is  a  decided  lack 
of  uniformity  in  the  length  of  fiber  from  the  stress-affected  plants. 
The  general  tendency  of  stress,  however,  is  to  cause  a  shortening  of 
the  lint  and  a  reduction  in  the  quantity  on  the  seed.  On  some  of  the 
seeds  the  shortening  of  the  fibers  at  the  base  of  the  seed  which  give 
the  so-called  "  butterfly  "  effect  will  be  noted.  In  addition  to  these 
visible  effects  the  lint  was  also  found  to  be  weak  and  "  perished." 
No  effort  was  made  to  compare  the  strength  of  individual  fibers  from 
the  different  samples,  but  the  superior  strength  and  quality  of  the 
lint  from  normal  plants  was  easily  discernible  in  "  pulling  the 
staple."  A  close  similarity  was  observed  in  the  effects  on  the  lint 
and  seed  produced  by  ordinary  stress  conditions  and  by  the  crazy- 
top  disorder. 

Samples  of  combed  lint  and  seed  from  Acala  plants  affected  by 
crazy  top  and  from  normal  plants  in  the  same  fields  are  shown  in 
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FioiHB  0. — Acala  cotton  flber  grown  under  favorable  and  unfavorable  soil  conditions:  A, 
Lint  coinbinKH  from  plants  grown  tmdor  favorable  conditions  at  the  United  States  Field 
Station,  Sacaton,  Ariz.,  in  10:^6:  B,  lini  ronibinKs  from  plants  grown  in  impervious  soil 
In  the  lower  end  of  a  field  where  Irrigation  water  was  impounded,  near  Cnsa  Grande, 
Ariz. ;  C,  lint  nunbings  from  an  area  in  the  same  field  where  the  plants  suffered  more 
severely  from  water  stress.      (About  one  half  natural  size.) 
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figure  10.  These  combings,  each  of  which  represents  a  different 
plant,  show  that  there  are  various  degrees  of  injury  suffered  by  the 
lint  of  upland  cotton  from  this  disorder,  depending  on  the  severity 
of  stress  conditions  in  the  crazy-top  areas.     The  fiber  is  less  abun- 


FiGURE  10. — A,  Lint  combings  and  seeds  from  normal  Acala  cotton  plants;  B,  lint  comb- 
ings from  adjacent  Acala  plants  affected  with  the  crazy-top  disorder,  under  moderate 
stress  conditions.      (About  four  fifths  natural  size.) 

dant  on  the  seed  of  all  the  crazy-top  plants  and  shows  a  "  butterfly  "• 
arrangement  on  some  of  them.  In  the  worst  stages  the  fiber  is 
reduced  to  little  more  than  a  fuzz.  Though  such  cases  may  occur 
on  individual  plants,  even  under  relatively   favorable  conditions, 
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as  in  figure  10,  all  of  the  crazy-top  plants  have  greatly  damaged 
fiber  where  stress  conditions  are  severe,  as  shown  in  figure  11. 


Figure  11. — A.  Lint  couiblngs  and  seeds  from  normal  Acala  cotton  plants  grown  at  the 
United  States  Field  Station,  Sacaton,  Ariz. ;  B,  lint  combings  and  seeds  from  Acala 
cotton  plants  affected  with  the  crazy-top  disorder,  under  severe  stress  couaitlons. 
(About  four  fifths  natural  size.) 

By  use  of  the  Baer  sorter  representative  arrays  were  made  of 
the  fibers  of  one  seed  from  a  plant  injured  by  crazy  top  and  of  one 
seed  from  a  normal  plant  of  the  same  variety.     These  arrays  are 
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shown  in  figure  12.     The  fiber  from  the  diseased  plants  is  shown 
as  much  shorter  and  less  abundant  than  that  from  normal  plants. 

A  comparison  of  combed  samples  of  Pima  seed  cotton  produced 
under  favorable  and  unfavorable  soil  conditions  showed  that  the 
quality  of  lint  of  this  variety  was  also  injured  by  stress,  but  not  to 
the  same  extent  as  that  of  upland  cotton.  The  combings  shown  in 
figure  13,  A,  were  obtained  from  well-grown  plants  at  the  lower  end 
of  the  field  where  the  irrigation  water  penetrated  deeply,  and  those  in 
figure  12,  B,  are  representative  of  those  produced  on  stress-affected 
plants  in  an  impervious  or  slick  spot  in  the  same  field.  It  will  be 
seen  that  there  is  little  difference  in  the  length  of  fibers  under  the 
two  conditions,  but  the  combings  from  the  best  plants  show  a  greater 
abundance  of  lint  per  seed.  The  data  in  table  2  show  that  the  dif- 
ferences in  this  particular  field,  as  shown  by  the  lint  index,  was  in  the 
proportion  of  4  to  4.6.  The  lint  from  the  stress-affected  plants  was 
weaker  and  lacked  the  luster  and  character  shown  in  the  lint  from 
the  well-grown  plants. 


Figure  12. — Fibers  from  normal  and  from  crazy-top  affected  Acala  cotton  plants  ;  A,  An 
array  of  fibers  from  one  seed  of  a  severely  affected  crazy-top  plant ;  B^  an  array  of 
fibers  from  one  seed  of  a  normal  plant. 

While  the  Pima  lint  in  these  particular  comparisons  was  not 
greatly  reduced  in  length,  it  is  not  uncommon  to  find  short  and 
extremely  weak  lint  in  some  of  the  small  bolls  affected  by  water  stress 
or  by  crazy  top  (fig.  14)  that  are  found  on  plants  of  the  Egyptian 
type.  These  "  pinched "  bolls  which  seldom  open  properly  at 
maturity  because  of  continued  stress,  are  not  confined  to  small 
stunted  plants,  but  are  frequently  observed  on  large  plants  that  are 
fairly  productive.  When  periods  of  severe  stress  occur,  such  plants, 
probably  because  of  the  heavy  load  of  fruit  they  are  supporting, 
appear  to  be  unable  to  sustain  normal  development  in  all  of  the  bolls, 
and  as  a  result  the  lint  fails  to  attain  full  length  or  strength  and 
many  of  the  seeds  are  aborted. 

Representative  fiber  arrays  were  made  by  the  use  of  the  Baer 
sorter  in  order  to  demonstrate  some  of  the  differences  in  the  fiber 
from  normal  and  from  affected  bolls,  and  these  are  shown  in  figure 
15.  For  the  most  part  the  lint  from  the  affected  boll  appears  to 
have  attained  fairly  normal  development,  but  it  was  weak,  and  it 
will  be  noted  that  there  are  a  greater  number  of  short  fibers  than 
are  shown  in  the  array  from  the  normal  boll.  It  will  be  observed 
that  the  modal  length  of  the  fibers  from  the  affected  plant  is  much 
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Figure  13. — Lint  combings  from  normal  Pima  cotton  plants  and  from  plants  in  the 

field  that  had  suffered  from  water  stress :  A,  Combings  from  normal  plants  at  lower  end 
of  field  whel^  conditions  were  favorable  for  water  penetration  ;  B,  combings  from 
plants  grown  in  an  impervious  area  or  slick  spot.     (About  nine  sixteenths  natural  size.) 
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FlOURB  14. — Normal  and  crazy-top  bolls  of  Pima  cotton.  The  two  large  bolls  are  from 
normal  plants  ;  the  others  are  from  plants  aCfected  with  crazy  top.  (About  natural 
size. ) 
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shorter  than  that  from  the  normal  phint,  and  the  longest  fibers  at- 
tained a  length  of  only  1%  inches.  This  general  shortening  of  the 
fibers  indicates  that  the  plant  was  affected  by  stress  when  the  boll 
was  very  young,  since  it  has  been  shown  by  Balls  (1)  that  the  length 
of  lint  IS  not  materially  affected  by  conditions  after  the  bolls  are 
about  21  days  old.  The  lint  from  the  affected  boll  was  not  only 
much  shorter  than  that  from  the  normally  developed  boll  but  was 
extremely  weak  and  brittle. 
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Figure  15. — Fibers  from  normal  Pima  cotton  plants  and  from  plants  affected  with  crazy 
top:  A,  a.  Fibers  from  one  seed  of  a  plant  mildly  affected  with  crazy  top;  b,  fibers 
from  one  seed  of  a  normal  plant.  B,  a.  Fibers  from  one  seed  of  a  plant  severely 
affected  with  crazy  top ;  6,  fibers  from  one  seed  from  a  normal  plant. 

EFFECTS  ON  SEED 

In  the  discussions  on  effects  of  water  stress  and  crazy  top  on  bolls 
and  lint  it  was  shown  that  the  number  of  seeds  per  boll  are  greatly 
reduced.  Table  3  shows  that  the  weight  of  the  individual  seeds 
was  also  greatly  reduced  under  unfavorable  conditions.  One  of  the 
common  symptoms  of  degeneracy  in  most  varieties  of  upland  cotton 
is  the  sparse  covering  of  fuzz  or  the  naked  condition  of  the  seed  pro- 
duced on  some  of  the  plants.  This  condition  is  usually  associated 
with  short,  weak  fibers,  although  some  superior  naked-seed  strains 
and  varieties  have  been  developed  which  produce  lint  of  good  quality. 
A  study  of  the  seed  character  of  the  Acala  variety  when  developed 
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under  unfavorable  conditions  showed  that  many  of  the  seeds  pro- 
duced by  plants  that  had  undergone  severe  water  stress  bore  only  a 
sparse  covering  of  fuzz  and  some  were  nearly  naked  (fig.  16).  This 
was  especially  true  of  the  seed  produced  in  the  top  bolls  of  the 
stressed  plants  {^g.  17). 

Kearney  and  Harrison  (14)  showed  that  pronounced  variation  ex- 
isted in  the  fuzziness  of  seed  in  bolls  at  different  positions  on  Pima 
plants.  They  reported  a  strong  tendency  for  the  bolls  on  the  lower 
fruiting  branches  to  have  fuzzier  seeds  than  the  bolls  on  the  higher 
branches.  Their  suggestion  that  nutritional  factors  may  be  involved 
is  given  support  by  these  investigations. 

In  figure  17  it  will  be  noted  that  the  seeds  from  bolls  borne  on  the 
lower  branches  were  more  sparsely  covered  than  normal  Acala.  The 
seeds  produced  in  bolls  on  the  higher  branches  are  not  greatly  dif- 
ferent from  the  seeds  of  some  naked-seeded  varieties.  These  seeds 
were  planted  on  good  soil,  and  the  progeny  plants  produced  seeds 
that  were  fully  covered  with  fuzz. 

The  effect  of  the  crazy-top  disorder  on  the  seeds  differs  somewhat 
from  that  of  ordinary  stress.  A  slight  reduction  in  seed  fuzziness  is 
noted  in  some  samples  from  crazy-top  affected  areas  (figs.  10  and  11). 
One  characteristic  which  is  more  pronounced  in  crazy  top  than  in 
ordinary  water  stress  is  the  abortion  or  interruption  of  the  develop- 
ment of  the  seed  after  fertilization  of  the  ovules.  Some  crazy-top 
affected  bolls  which  show  a  high  proportion  of  aborted  seeds  are 
shown  in  figure  18.  When  the  severity  of  the  disorder  is  carried  a 
stage  further  the  effects  shown  in  figure  2,  A,  may  result.  Here  so 
many  of  the  seeds  have  been  aborted  and  the  lint  on  the  others  has 
become  so  shortened  that  the  seeds  remain  separate  from  one  another 
instead  of  being  united  to  form  locks. 

EFFECTS  ON  SHEDDING 

The  work  of  several  investigators  (J?,  ^,  IS)  has  indicated  that 
a  deficient  moisture  supply  is  one  of  the  principal  factors  that  in- 
fluence the  excessive  shedding  of  buds  and  young  bolls  of  the  cotton 
plant.  The  behavior  of  the  plants  grown  in  impervious-soil  areas 
under  irrigated  conditions  points  to  the  fact  that  an  irregular  supply 
of  moisture  is  responsible  for  heavy  shedding.  The  loss  of  young 
fruits  from  plants  of  the  Pima  variety  is  greater  in  impervious  spots 
than  in  good  soil,  but  with  the  upland  varieties  the  difference  in  shed- 
ding is  even  greater.  When  subjected  to  severe  stress  many  upland 
plants  set  no  bolls  whatever  until  late  in  the  summer  or  in  early  fall 
after  the  period  of  high  temperatures  has  passed.  The  yield  from 
such  plants  is  therefore  greatly  reduced,  and,  being  late,  may  suffer 
injury  from  frost.  Pima  plants  under  similar  conditions  also  shed 
heavily,  but  usually  set  a  few  bolls  throughout  the  summer,  although 
many  of  them  may  be  small  and  poorly  developed.  Late  in  the  season 
the  Pima  plants  also  endeavor  to  make  up  for  the  lost  time  by  setting 
a  heavy  crop  of  top  bolls,  many  of  them  borne  on  short  axillary 
branches. 

The  shedding  from  plants  affected  with  the  crazy-top  disorder  is 
more  complete  than  under  conditions  of  normal  water  stress.  In  some 
fields  large  groups  of  plants  may  remain  sterile  throughout  the  sea- 
son, although  the  rate  of  flowering  is  often  higher  than  on  normal 
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P^GURE  16, — Acala  cottonseed  produced  under  favorable  and  unfavorable  soil  conditions : 
A,  Seed  from  plants  jrrown  In  an  area  where  water  penetration  was  effective  ;  B,  seed 
from  plants  in  an  inipervious  area  in  the  same  field.     (Natural  size.) 
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Figure  17. — Acala  cottonseed  from  lower  and  upper  bolls  of  four  plants  that  suffered  from 
ordinary  water  stress,  showing  less  fuzz  on  later  seeds ;  A,  a.  Seed  from  boll  at  axis 
node  11,  branch  node  1 ;  h,  seed  from  boll  at  axis  node  24,  branch  node  1.  B,  a,  Seed 
from  boll  at  axis  node  8,  branch  node  1 ;  6,  seed  from  boll  at  axis  node  27,  branch 
node  1.  C,  a.  Seed  from  boll  at  axis  node  10,  branch  node  1  :  b,  seed  from  boll  at  axis 
node  28,  branch  node  1.  D,  a,  Seed  from  boll  at  axis  node  11,  branch  node  2 ;  b,  seed 
from  boll  at  axis  node  32,  branch  node  1.     (Natural  size.) 
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FiQURB  18. — Acala  bolls  from  crazy-top  aCfected  plauts,  showiuK  numerous  aborted  seeds, 
which  are  a  result  of  tnis  disorder.     (About  natural  size.) 
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plants.  A  record  of  flowering  and  shedding  of  eight  Pima  plants 
affected  with  crazy  top  at  Sacaton,  Ariz.,  m  1929  showed  an  average 
of  Il7ztil0.4  flowers  per  plant,  with  an  average  shed  of  59 ±3.7 
percent  of  the  young  bolls.  Ten  normal  plants  nearby  developed  an 
average  of  85.5  flowers  per  plant,  of  which  26.9  percent  failed  to 
set  bolls. 

The  squares  may  shed  before  flowering,  and  an  almost  complete 
shedding  during  a  prolonged  period  of  stress  may  be  responsible 
for  a  part  of  the  abnormal  behavior  and  appearance  of  crazy-top 
plants.  With  a  temporary  return  of  favorable  conditions,  such 
as  follow  an  irrigation  or  a  rainy  period,  the  growth  of  these  almost 
sterile  plants  is  quickly  revived,  and  this  may  force  an  additional 
growth  of  vegetative  branches  which  contribute  to  the  peculiar 
appearance  of  the  crazy-top  plants.  The  amount  of  early  fruit 
that  the  plant  has  developed  governs  to  some  degree  the  extent  of 
vegetative  development  later  in  the  season.  In  figure  19,  J.,  is  shown 
an  Acala  cotton  plant  from  which  all  of  the  flower  buds  were 
removed  shortly  after  their  appearance.  It  has  a  close  resemblance 
to  many  of  the  almost  sterile  plants  that  appear  in  crazy-top  areas 
and  possesses  some  of  the  symptoms  that  are  ascribed  to  that  dis- 
order. The  other  plant  (fig.  19,  B)  grew  only  a  few  feet  distant 
and  is  typical  of  the  neighboring  plants  that  were  allowed  to 
develop  normally. 

REMEDIES 

It  was  the  purpose  of  this  study  to  analyze  the  various  ill  effects 
of  unfavorable  conditions  on  the  irrigated  cotton  plant  and  to 
point  out  their  importance,  rather  than  to  search  for  control 
measures.  However,  the  possibilities  for  improving  the  conditions 
were  made  so  apparent  by  the  investigation  that  it  seems  advisable 
to  discuss  certain  partial  remedies  which  are  entirely  practicable 
for  the  growers  to  apply.  The  severity  of  the  effects  of  water  defi- 
ciency and  crazy  top  on  the  fiber  and  their  extensive  occurrence  in 
some  of  the  irrigated  valleys  forces  the  conclusion  that  all  other 
factors  are  secondary  in  importance  to  these  in  explaining  the  irregu- 
lar and  wasty  character  ascribed  to  some  of  the  cotton  grown 
in  these  valleys.  The  planting  of  gin-run  seed,  the  mixing  of 
varieties  in  the  field  and  at  the  gin,  the  "  running  out "  of  seed 
stocks,  and  poor  ginning  are  factors  that  may  contribute  to  inferior 
quality,  but  even  with  the  best  seed  and  the  best  ginning,  the  crop 
may  be  unsatisfactory  if  the  conditions  of  production  are  too  un- 
favorable. 

The  practicability  of  separating  the  damaged  and  irregular  cotton 
from  the  normal  well-grown  fiber  after  determining  the  quality  of 
the  cotton  in  the  fields  has  already  been  discussed,  and  it  is  sug- 
gested as  a  means  of  improving  the  standard  of  all  irrigated  cotton. 

In  recent  years  some  growers,  alarmed  by  the  declining  yields  in 
certain  areas  rather  than  by  the  inferior  quality  of  the  lint  pro- 
duced, have  begun  to  adopt  practices  which  tend  to  correct  the  dam- 
aging effects  of  an  uneven  distribution  of  irrigation  water.  Some 
have  obtained  good  results  from  changing  the  direction  of  flow  of 
the  water  so  as  to  reduce  the  grade;  others  have  realized  benefits 
from  releveling  the  uneven  spots,  leaching  the  soil  with  heavy  appli- 
cations of  water,  and  rotating  with  alfalfa  and  other  crops   (//). 
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Investigations  by  King  and  Loomis  (16)  showed  that  cultural  prac- 
tices of  this  type  were  also  effective  in  controlling  and  reducing  the 
severity  of  the  crazy-top  disorder. 

Recent  investigations  by  McGeorge  and  Breazeale  (17)  have  shown 
that  a  close  correlation  exists  between  impermeability  and  a  low 


FiouRU  19. — Effect  of  defruiting  on  Acnla  cotton  ;  A,  A  defruited  plant :  B,  an  adjacent 
normal  plant.  The  buds  were  removed  to  show  the  effect  of  removal  of  floral  buds. 
Note  the  Himllaiity  between  the  defruited  plant  and  those  affected  with  crazy  top,  as 
shown  in  figure  4. 

availability  of  phosphates.  It  was  found,  however,  that  the  solubil- 
ity of  the  phosphates  in  such  soils  was  increased  by  leaching  with 
water. 

The  evidence  seems  conclusive  that  any  method  or  practice  that 
effects  a  more  uniform  distribution  of  irrigation  water,  increases  the 
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water-holding  capacity,  and  deepens  the  root  zone  in  impervious 
areas  is  beneficial  in  controlling  the  injuries  from  stress  and  crazy 
top. 

SUMMARY 

The  effects  of  unfavorable  conditions  on  the  cotton  plant  are 
especially  pronounced  in  some  of  the  irrigated  valleys  of  the  South- 
western States.  As  a  result  of  the  high  temperatures  that  prevail 
in  summer,  the  development  of  the  cotton  plant  is  modified  in 
several  ways  when  proper  moisture  relations  are  not  maintained. 

In  some  areas  the  impervious  character  of  the  soil,  which  prevents 
an  even  distribution  of  irrigation  water,  is  a  factor  largely  responsi- 
ble for  the  irregular  growth  and  development  of  the  plants. 

There  are  also  many  modifications  of  structures  and  abnormalities 
associated  with  the  growth  disorder  called  crazy  top,  which  is 
prevalent  in  some  of  the  irrigated  valleys. 

Under  the  influence  of  stress  and  crazy  top  much  diversity  appears 
in  the  plants,  and  fields  in  which  such  conditions  prevail  resemble 
the  mixed  fields  that  result  from  impure  seed  stocks.  However,  the 
abnormalities  and  modifications  resulting  from  these  conditions  have 
not  proved  to  be  hereditary,  although  they  closely  resemble  some 
characters  that  are  generally  known  to  be  heritable. 

Upland  cotton  plants  showed  a  greater  degree  of  diversity  in  the 
general  type  of  individual  plants  and  bolls  when  affected  by  stress 
than  did  Pima  plants.  Many  off-type  and  misshapen  bolls  developed 
on  upland  plants  of  large  size,  as  well  as  on  those  that  had  been 
stunted. 

Some  of  the  diverse  types  of  plants  that  result  from  water  stress 
can  hardly  be  distinguished  from  some  forms  of  crazy  top,  but  the 
tendency  ito  produce  vegetative  branches  at  the  upper  nodes  of  the 
main  stem  is  one  of  the  symptoms  peculiar  to  crazy  top. 

The  bolls  from  plants  affected  by  water  stress  often  are  greatly 
reduced  in  size,  contain  a  smaller  number  of  seeds,  and  are  fre- 
quently off-type  as  to  variety,  or  are  deformed.  The  bolls  from 
crazy-top  plants  are  affected  in  much  the  same  way,  but  the  injuries 
are  often  much  greater. 

A  comparison  of  samples  of  fiber  produced  in  areas  where  the 
plants  suffered  from  water  stress  and  crazy  top  with  samples  pro- 
duced by  normal  plants  in  areas  of  good  soil  in  the  same  fields 
showed  that  the  lint  developed  under  unfavorable  conditions  was 
usually  weaker,  less  abundant,  shorter,  and  more  uneven  in  length 
than  that  developed  under  favorable  conditions.  Pima  fiber  showed 
less  injury  from  stress  and  crazy  top  than  upland  fiber,  but  was 
weaker  and  less  abundant  on  the  seed,  and,  under  some  conditions, 
shorter  than  fiber  produced  under  favorable  conditions. 

When  developed  under  conditions  of  water  stress  the  seeds  of 
upland  varieties  are  commonly  reduced  in  size,  and  a  wide  range 
occurs  in  the  amount  of  fuzz  or  linters  covering  the  seed  produced 
on  different  parts  of  the  plant.  The  seed  developed  in  the  top  bolls 
of  stress-affected  plants  are  frequently  sparsely  covered  with  fuzz  or 
almost  naked,  while  those  developed  in  bolls  on  the  lower  branches 
have  a  much  heavier  coating  of  fuzz. 

The  seeds  produced  on  plants  affected  with  crazy  top  are  usually 
reduced  in  size  but  have  not  the  same  tendency  to  nakedness  as 
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tliose  affected  by  ordinarv  stress.  Under  severe  crazy-top  condi- 
tions a  large  proportion  of  tlie  seeds  are  aborted. 

Shedding  of  buds  and  young  bolls  is  more  pronounced  on  plants 
that  suffer  from  water  stress  than  on  those  grown  under  favorable 
conditions.  Plants  affected  with  crazy  top  shed  more  completely 
than  those  affected  by  ordinary  stress,  and  many  of  them  are 
entirely  sterile. 

A  system  of  determining  the  quality  of  the  cotton  in  the  field 
by  field  inspections  and  keeping  separate  the  damaged  fiber  from 
the  affected  areas  is  suggested  as  a  practicable  means  for  raising 
the  quality  standards  of  irrigated  cotton. 

Cultural  practices  that  effect  a  more  uniform  distribution  of  water 
in  the  soil,  increase  the  water-absorbing  capacity  of  the  soil,  and 
deepen  the  root  zone  have  proved  beneficial  in  controlling  water- 
stress  effects  and  crazy  top. 

Although  the  data  here  reported  were  obtained  from  impervious 
and  crazy-top  areas,  similar  reactions  affecting  the  growth  of  the 
plants  and  quality  of  the  fiber  are  to  be  expected  in  the  best  soil 
areas  if  good  cultural  practices  are  not  followed,  particularly  in 
regard  to  irrigation.  Care  in  working  out  the  best  cultural  prac- 
tices is  perhaps  of  more  importance  with  impervious  or  "  crazy-top  " 
soil  than  with  good  soil,  but  careless  cultural  methods  if  applied  to 
good  soil  also  bear  a  large  measure  of  responsibility  for  the  unfavor- 
able reports  on  irrigated  cotton. 
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PURPOSE  OF  INVESTIGATIONS 

In  the  United  States  alpine  kalmia  {Kalmia  microphylla)  grows  in 
restricted  areas  of  the  livestock  ranges,  where  it  has  been  suspected 
of  having  poisoned  sheep  and  cattle.  In  order  to  determine  its  toxic- 
ity for  these  species  of  animals,  as  well  as  to  compare  the  effects  pro- 
duced by  it  with  those  caused  by  other  species  of  kalmia  in  previous 
investigations,  feeding  experiments  were  undertaken  by  the  Salina 
(Utah)  Experiment  Station  of  the  Bureau  of  Animal  Industry. 

REVIEW  OF  LITERATURE 

The  alpine  kalmia  {Kalmia  microphylla  (Hook.)  Heller)  and  tha 
bog  kalmia  {K.  polifolia  Wang.)  are  so  closely  related  that  botanists 
do  not  agree  as  to  their  being  distinct  species.  Rydberg  (13)  ^  and 
Tidestrom  {15)  consider  them  distinct,  but  Jepson  {11)  classes  K. 
microphylla  as  a  varietal  form  of  K.  polifolia.  A  comparison  of 
descriptions  and  of  the  plants  themselves  makes  it  appear  probable 
that  no  distinct  line  of  demarcation  exists  between  the  two  out  that 
the  alpine  kalmia  is  simply  the  high-altitude  form  of  the  bog  kalmia. 

Various  common  names  have  been  applied,  more  or  less  indiscrimi- 
nately, to  these  plants.  Among  them  are:  Dwarf  kalmia,  alpine  bog 
kalmia,  American  laurel,  swamp  laurel,  alpine  laurel,  pale  laurel,  pale 
American  laurel,  and  calico  bush. 

1  Italic  numbers  in  parentheses  refer  to  "Literature  Cited,"  p.  9. 
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In  a  number  of  articles  the  bog  kalmia  and  the  alpine  kalmia  have 
been  mentioned  as  being  poisonous  to  livestock.  In  some  instances 
it  is  obvious  that  the  alpine  plant  has  been  referred  to  as  Kalmia 
polifolia. 

Davy  (3)  in  1902  suspected  that  Kalmia  polifolia  ''may  possibly 
prove  poisonous  to  sheep  as  some  of  the  eastern  species  of  the  genus 
are  considered  among  the  most  dangerous  of  cattle  poisons." 

In  1911  Jepson  {10,  p.  312),  in  referring  to  Kalmia  polijolia,  says: 
"Alpine  in  the  Sierra  Nevada  {K.  glauca  Ait.).  Leaves  probably 
poisonous  to  cattle."  Although  he  does  not  mention  the  name 
microphylla,  the  description  and  range  assigned  make  it  evident  that 
he  had  the  alpina  kalmia  in  mind. 

In  1915  Hall  and  Yates  (9)  referred  to  Kalmia  polifolia  in  California 
and  stated:  "It  is  one  of  our  most  poisonous  plants,  but  fortunately 
grows  in  districts  where  there  is  but  little  stock  raising." 

The  same  plant  {Kalmia  polijolia)  is  included  by  Glover  and  Robbins 
(8)  among  the  poisonous  plants  growing  in  Colorado.     They  say: 

The  plant  grows  in  mountain  bogs,  seldom  below  10,000  feet  elevation  *  *  * 
Colorado  stockmen  generally  know  very  little  of  swamp  laurel  as  a  poisonous 
plant.  This  is  probably  accounted  for  from  the  fact  that  it  grows  only  on  the 
very  high  ranges,  where  relatively  few  animals  graze.  It  is  much  dreaded  in 
some  section,  however. 

It  is  of  interest  that  Durrell  and  Glover  {5)  in  a  more  recently 
published  list  of  the  poisonous  plants  of  Colorado  do  not  mention 
either  the  bog  kalmia  or  the  alpine  form.  Although  K.  microphylla 
apparently  occurs  in  Colorado  at  elevations  between  10,000  and  11,000 
feet,  Rydberg  {13)  does  not  mention  K.  polifolia  as  growing  in  this 
State. 

In  1918  Baird  {2,  p.  67)  says  of  Kalmia  polifolia  variety  microphylla: 
"Pale  American  laurel.  In  swampy  ground.  A  shrub  about  6  inches 
high,  poisonous  to  cattle.  Corolla  lavender,  very  attractive.  In 
bloom  on  the  north  side  of  Squaw  Meadow  early  in  July." 

In  1919  Fleming  {6)  fed  Kalmia  microphylla  to  26  sheep  and  10 
calves  and  poisoned  both  classes  of  animals.  From  his  experimental 
work  he  concluded:  "From  this  it  would  seem  that  the  plant  varies 
in  toxicity  in  different  environments,  and  that  there  is  a  considerable 
seasonal  change  in  the  poison  present." 

In  1920  Fyles  (7,  p.  79)  in  Canada,  concludes  that  because  Kalmia 
latijolia  and  K.  angustijolia  are  poisonous  "no  doubt,  other  species 
of  kalmia,  including  the  swamp  or  pale  laurel  {Kalmia  polijolia 
Wang.),  are  equally  injurious." 

In  1922,  Sifton  {H,  p.  89),  also  writing  of  Canadian  plants,  lists 
Kalmia  polijolia  as  a  poisonous  plant  and  says  it  "grows  across  the 
continent  except  on  the  prairies.  It  is  found  on  mountains  and  in 
cold  bogs." 

In  1925  Anderson  {1,  p.  147),  another  writer  on  Canadian  plants, 
says  of  Kalmia  polijolia:  "The  leaves  are  poisonous  to  animals." 

In  1931  Dayton  {4,  p.  128)  says  of  Kalmia  microphylla:  "Nor- 
mally, livestock  do  not  touch  this  species  but  instances  are  reported 
of  sickness  or  even  loss,  especially  among  lambs  admitted  to  high 
range  too  early  in  the  spring." 
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DESCRIPTION  AND  DISTRIBUTION  OF  THE  PLANT 

Kalmia  microphylla  {K.  folvfolia  microphylla)  is  a  low,  branching 
shrub  or  bush,  from  1  to  12  inches  high,  growing  from  an  underground 
stem  and  belonging  to  the  heath  family,  the  Ericaceae.  The  leaves, 
which  have  short  petioles,  are  nearly  oval  in  outline,  although, 
because  of  a  tendency  to  roll  along  the  edges,  they  often  appear  very 


Figure  l.— General  appearance  of  alpine  kalmia  {Kalmia  microphylla).    a,  Seed  pod  or  capsule. 

narrow.  They  are  from  one  fourth  inch  to  nearly  an  inch  in  length, 
and  are  dark,  shiny  ^reen  above  and  whitish  underneath.  The  flowers 
vary  in  color  from  pmk  to  rose-purple.  The  general  appearance  of  the 
plant  is  shown  in  figure  1 .  It  is  found  growmg  in  sphagnum  swamps 
and  in  the  western  part  of  the  United  States  at  the  higher  altitudes 
usually  between  10,000  and  12,000  feet,  and  ranges  from  central 
California  north  to  Alaska  and  eastward  to  Colorado. 
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EXPERIMENTAL  PROCEDURE 

Through  cooperation  with  the  Bureau  of  Plant  Industry  and  the 
Forest  Service  of  the  United  States  Department  of  Agriculture, 
four  lots  of  Kalmia  microphylla  were  received  at  the  Salina  Experi- 
ment Station,  located  on  the  Fishlake  National  Forest,  near  Salina, 
Utah.  Of  these  four  lots,  three  were  collected  in  Squaw  Valley  on  the 
Tahoe  National  Forest  in  California.  This  is  the  ''Squaw  Meadow" 
area  referred  to  by  Baird  (2).  One  lot  was  collected  about  August 
1,  1927,  one  about  September  1,  1929,  and  one  in  the  early  part  of 
May  1931.  In  the  summer  of  1932,  a  fourth  lot  was  collected  on  the 
Cascade  National  Forest  in  Oregon  at  a  time  when  the  plants  were 
in  bloom.  The  four  collections,  to  a  limited  extent,  have  made  it 
possible  to  compare  the  poisonous  qualities  of  the  alpine  kalmia  at 
different  stages  of  growth  and  from  two  widely  separated  localities. 

All  the  plant  material  used  was  dried  before  being  shipped.  In 
order  to  estimate,  in  terms  of  green  plant,  the  doses  fed  to  the  differ- 
ent animals,  an  allowance  was  made  for  the  loss  in  weight  by  the  plants 
in  drying.  For  this  purpose  75  percent,  approximately  the  normal 
moisture  content  of  the  green  plants,  was  used.  All  dosages  were 
then  computed  on  a  green-plant  basis  and  as  percentages  of  the  ani- 
mals' weights.  The  feedings  were  made  by  means  of  a  veterinarian's 
balling  gun.  It  required  from  5  minutes  to  1  hour  to  make  them, 
depending  largely  on  the  quantity  fed.  Leaves  alone  were  used,  except 
that  in  several  instances  a  few  stem  tips  bearing  buds  and  flowers 
were  included.  In  these  the  proportion  of  stem  tips  was  so  small 
that  for  the  purpose  of  comparison  it  was  assumed  that  leaves  alone 
were  used.  Owing  to  the  physical  difficulties  of  obtaining  this  plant 
from  the  high  elevations  where  it  grow,  the  limited  available  supply 
was  fed  chiefly  to  sheep  and  goats  because  of  their  smaller  feed  require- 
ments. One  steer  was  used.  The  feeding  experiments  are  summarized 
in  table  1. 

Table  1. — Summary  of  experiments  with  the  leaves  of  Kalmia  microphyllafed  to  three 

species  of  livestock 


Animal 

Weight 

Date  of  feeding 

Dose 
as  per- 
cent of 
animal's 
weight  I 

Approximate  date 
plant  was  collected 

Result 

Cattle: 
1112 

Pounds 

765 

92 
68 
67 

96 
79 
67 
67 
82 
110 
.    94 
84 
74 
129 
105 
75 
93 
88 
87 
118 
107 
114 
92 

Sept.  14,  1927 

Sept.  13,  1927 

Sept.  1,  1930 

0.30 

.30 
.40 
.50 

.40 
.30 
.20 
.50 
.60 
.25 
.70 
.40 
.30 
.50 
.70 
.82 
1.22 
1.50 
1.75 
2 
.50 
.75 
1 

Aug.  1,  1927 

Not  sick. 

Goat: 
2 

do 

Sept.  1,  1929 

do -- 

Aug.  1,  1927 

Do. 

17 

Do. 

16                    

Sept.  13,  1930 - 

Aug.  24,  1927 

Aug.  26,  1927 

Aug.  29,  1927 

Aug.  30,  1927 

Sept.  9,  1927 

Symptoms. 

Sheep: 
1005 

Do 

1009 

do- 

Do. 

1012 

do -  — 

do..  — .— 

do- -- 

do 

Not  sick. 

1013 

Sick. 

1027 

Do. 

1026 

_do - 

Not  sick. 

1154 

Sept.  1,  1930-. 

Sept.  1,  1929 

Symptoms. 

1190 

Sept.  13,  1930 

June  13,  1931 

June  16,  1931.-- 

June  18,  1931 -- 

June  20,  1931 

June  25,  1931 

July  1,  1931 

do - 

May  1931 

1207 

Not  sick. 

1200 

::-::do -.—"---- 

do — . 

do 

do 

do — 

do - 

Sick. 

1211                

Do. 

1206 

Do. 

1213 

Do. 

1216           

Do. 

1225 

July  21,  1931 

Do. 

1162 

Sept.  2,  1931 

Very  sick. 

1249-       

Sept.  14,  1932 

Sept.  16,  1932 

Sept.  20,  1932 

summer  1932 

do 

do 

Symptoms. 

1225 

Sick 

1288 

Do. 

1  Estimated  as  green  plant. 
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RESULTS  OF  EXPERIMENTAL  FEEDING 

TYPICAL  CASE  OF  SHEEP  1162 

Between  9:30  and  10:30  a.m.  on  September  2,  1931,  sheep  1162,  a 
2-year-old  ewe,  weighing  118  pounds,  was  fed  with  the  balling  gun 
268  grams  (9.45  ounces)  of  dry  leaves  of  Kalmia  microphylla.  The 
plant  material  was  collected  by  Leland  S.  Smith  in  the  Truckee 
district  on  the  Tahoe  National  Forest,  in  California,  in  May  1931  at 
a  time  when  the  plants  were  in  bud  and  flower.  Since  an  allowance  of 
75  percent  was  made  for  the  loss  in  weight  by  the  plant  in  drying,  the 
quantity  fed  was  considered  as  equivalent  to  2  percent  of  the  ani- 
mal's weight,  in  terms  of  green  leaves. 

At  1:20  p.m.,  or  2  hours  50  minutes  after  the  completion  of  the  feed- 
ing, the  sheep  was  salivating  slightly,  and  frequent,  uncontrolled  swal- 
lowing movements  of  the  throat  and  neck  were  noticed,  showing  that 
the  animal  was  nauseated.  A  drooping  of  the  ears  indicated  a  mild 
depression.  The  symptoms  of  sickness  gradually  became  more 
pronounced,  and  at  4:30  p.m.  the  respiration  was  120  and  deep  and 
quick. 

At  7  p.m.  it  was  observed  that  there  was  a  considerable  quantity  of 
green  saliva  around  the  animal's  mouth  and  that  she  had  recently 
vomited  a  little.  The  depression  at  that  time  was  more  pronounced 
than  at  4:30  p.m.  At  9  p.m.  the  vomiting,  salivation,  and  depression 
were  even  more  pronounced  than  at  7  p.m.  The  following  morning, 
September  3,  the  animal  was  somewhat  worse,  and  at  9:06  a.m.  not 
only  was  she  still  salivating  but  a  leg  weakness  had  developed, 
causing  her  to  stagger  when  she  tried  to  walk.  The  respiration  was 
fast,  shallow,  and  irregular. 

The  weakness  and  nausea  both  continued  to  increase,  and  at  10:40 
a.m.  there  were  pronounced  contractions  of  the  abdominal  muscles, 
accompanied  with  marked  regurgitations.  The  sheep,  however, 
actually  vomited  very  little  but  managed  to  reswallow  most  of  the 
regurgitated  material.  She  grated  her  teeth  and  was  much  depressed, 
although  able  to  stand.  \'\Tiile  out  in  the  watering  corral  at  2:30 
p.m.  she  spent  most  of  her  time  lying  down,  although  she  was  able 
to  get  to  her  feet.  After  exerting  herself  a  little  in  attempting  to 
run  away  from  the  observer,  she  fell  and  was  unable  to  rise.  A 
little  dribbling  of  urine  was  noticed  at  the  time.  The  animal  remained 
lying  down  and  unable  to  get  up  imtil  at  least  9  p.m.  She  was  not 
observed  during  the  greater  part  of  the  night.  Throughout  the 
afternoon  the  respiration  had  been  fast,  irregular,  and  somewhat 
labored. 

Although  the  sheep  was  still  weak  on  the  morning  of  September  4, 
she  had  gained  some  strength  and  at  10:30  a.m.  was  able  to  get  to  her 
feet.  However,  she  was  still  salivating  and  somewhat  nauseated, 
and  staggered  when  attempting  to  walk.  She  improved  materially 
in  strength  during  the  day  and  ate  some  hay.  The  salivation  con- 
tinued and  was  still  apparent  on  September  5,  when  she  was  grating 
her  teeth  more  or  less  during  the  day.  The  last  time  this  was  noticed 
was  at  4:30  p.m.  on  September  5. 

On  the  morning  of  September  6,  the  animal  appeared  to  have 
recovered  completely.  She  was  strong,  there  was  no  evidence  of 
salivation,  and  she  had  eaten  fairly  well  during  the  night.  In  this 
case  the  illness  continued  from  1:20  p.m.,  September  2,  to  about  4:30 
p.m.,  September  5,  or  for  more  than  3  days.* 
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SYMPTOMS 

The  symptoms  produced  in  sheep  by  Kalmia  microphylla  were  the 
same  as  those  which  were  observed  in  animals  poisoned  by  K.  latifolia, 
K.  angustifolia  (12),  and  related  plants.  In  the  mildest  cases  loss  of 
appetite,  salivation,  depression,  and  some  vomiting  were  observed. 
With  more  severe  poisoning  there  was  grating  of  the  teeth  and  vomiting. 
In  some  instances  the  vomiting  became  so  pronounced  that  large 
quantities  of  material  were  gotten  rid  of  by  the  sheep.  In  other 
cases  the  vomiting  was  less  pronounced,  and  weakness  was  the 
prominent  effect  noted.  In  some  cases  there  was  a  mild  weakness 
which  caused  the  animals  to  stagger  in  walking.  The  very  sick  animal, 
no.  1162,  was  so  weak  as  to  be  unable  to  stand  for  a  time.  No 
effect  on  the  pulse  or  body  temperature  was  noticed  in  most  cases. 
A  rise  in  temperature  followed  the  feeding  of  two  of  the  sheep.  One 
of  these,  no.  1213,  developed  pneumonia,  probably  as  a  result  of  the 
,  feeding.  This  condition  naturally  was  accompanied  by  a  distinct 
rise  in  temperature  and  an  increase  in  the  pulse  rate.  A  similar 
pneumonic  condition  has  been  observed  in  a  number  of  sheep  poisoned 
by  other  closely  related  plants.  With  two  other  sheep  which  other- 
wise showed  no  marked  symptoms  of  illness  there  was  an  increase  in 
the  pulse  rate.  When  the  animals  were  so  severely  poisoned  as  to  be 
classed  as  sick  or  very  sick,  the  respiration  was  more  or  less  inter- 
fered with,  an  effect  that  would  naturally  be  accentuated  by  the 
vomiting.  In  some  instances  however,  the  respiratory  effects  did 
not  appear  to  be  associated  with  the  vomiting.  Sometimes  the 
respiration  was  forced;  at  other  times  it  was  irregular,  jerky,  or 
shallow. 

The  symptoms  observed  in  the  one  goat  that  was  poisoned  cor- 
responded closely  with  those  seen  in  the  sheep. 

APPEARANCE  OF  SYMPTOMS  AND  DURATION  OF  ILLNESS 

^  The  periods  between  the  feeding  of  Kalmia  microphylla  and  the 
time  symptoms  were  noticed,  the  duration  of  illness,  together  with 
the  doses  fed  the  different  animals,  are  shown  in  table  2. 

Table  2. — Time  from  feeding   Kalmia   microphylla   to   observed   development   of 
symptoms  and  duration  of  illness 


Kind  of  animal  and  designation 

Dose  as 
percent- 
age of 
animal's 
weight  1 

Time  from 
end  of  feed- 
ing to  ob- 
served ap- 
pearance of 
symptoms 

Duration  of 
illness 

Goat  16                                            

0.5 
.3 

■A 

.6 

;i 

.7 

.7 

.75 

.8 
1 

1.22 
1.6 
1.75 
2 

Hrs.  Mins. 
21       40 

9        24 
11        30 
20        30 

10  12 
4        45 

24        58 
9        20 

6  45 

7  10 

11  39 

8  10 
2        65 
6 

8        35 
2        50 
2        50 

Days  Hrs.  Mins. 
8       32 

Sheep: 
1009 

"l         9        43 

1005                                                       

9        25 

1190                                                                                -          

1        65 

1013 -- 

1        10        16 

1200  _                                                    

3        25 

1249                                                                                           

1         8        36 

1027 

1          2        10 

1154_.                                                                     -  .     

23        60 

1211                                                                                           

14        60 

1225 

1          9        66 

1206.-       .                                                             ---- 

1         0        26 

1288                                                                                    

2          7          6 

1213 

2          1        10 

1216.. -       .                                    

1          9        67 

1225                                                                                    

2          5          5 

1162 

3          3          0 

Average  for  sheep 

9        13 

1          7        33 

1  Estimated  as  green  plant. 
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Goat  16,  which  had  been  given  a  0.5  percent  dose,  was  found  to  be 
ill  21  hours  40  minutes  after  she  was  fed.  Up  to  20  hours  no  evidence 
of  illness  had  been  apparent.  During  the  interval  she  was  not 
observed. 

For  the  16  sheep  that  were  poisoned  the  average  time  between  feed- 
ing and  the  observed  appearance  of  symptoms  was  approximately  9 
hours.  However,  inasmuch  as  some  of  the  sheep  were  found  to  be 
affected  when  they  were  first  seen  in  the  morning  following  the  day 
they  were  fed,  the  interval  was  somewhat  less  than  that  given,  as 
the  animals  were  not  observed  during  the  night.     The  two  longest 

Eeriods  were  for  sheep  that  were  fed  early  in  the  forenoon,  had  not 
ecome  sick  up  to  the  last  time  they  were  seen  in  the  evening  of  the 
day  of  the  feeding,  but  were  found  to  be  ill  when  first  seen  the  follow- 
ing morning.  One  sheep  fed  at  7  a.m.  had  sho\^Ti  no  evidence  of 
illness  at  9  p.m.  the  same  day  but  was  sick  at  8  a.m.  the  next  day. 

For  8  sheep  fed  early  in  the  day  and  found  to  be  showing  evidences 
of  iUness  the  same  day  the  average  time  was  5  hours  10  minutes  from 
feeding  to  the  manifestation  of  illness.  These  sheep  included  all  but 
one  of  those  fed  the  heaviest  doses.  The  shortest  period,  2  hours  50 
minutes,  occurred  with  the  two  sheep  given  the  largest  feedings. 
There  was  a  tendency  for  the  period  between  feeding  and  illness  to 
decrease  as  heavier  doses  were  given.  The  longest  periods  followed 
0.4  percent  and  0.5  percent  doses.  Although  symptoms  of  poisoning 
may  develop  within  3  hours  after  the  Kalmia  microphylla  has  been 
eaten,  they  may  not  become  apparent  for  14  or  more  hours. 

Goat  16  was  sick  for  approximately  Syi  hours  after  a  0.5  percent 
dose. 

One  sheep  fed  by  Fleming  (6)  was  ''very  sick,  lying  for  5  days  in  a 
stupor."  At  the  Salina  Experiment  Station  the  average  period  of 
illness  for  the  sheep  was  1  day  7%  hours.  The  shortest  time  w^as 
approximately  2  hours,  the  animal  having  been  given  a  0.4  percent 
feeding.  The  longest  period  of  sickness  was  3  days,  and  occurred  with 
the  animal  fed  the  largest  dose.  There  was  a  tendency  for  the  dura- 
tion of  illness  to  be  longer  as  heavier  feedings  were  given. 

When  the  degree  of  sickness  of  the  animals  is  taken  into  account, 
its  duration  corresponds  fairly  well  with  the  results  obtained  for  sheep 
which  w^ere  fed  Kalmia  latifolia  and  K.  angustifolia  {12). 

TOXIC  AND  LETHAL  DOSES 

Fleming  {6)  reported  the  poisoning  of  calves  on  as  little  as  9  ounces 
of  Kalmia  microphylla.  Other  calves  were  poisoned  on  various  quan- 
tities of  the  plant  up  to  2.5  pounds.  All  these  animals  recovered. 
He  poisoned  sheep  on  1  ounce.  Other  sheep  were  given  feedings 
varying  from  2  to  10  ounces.  Some  were  not  poisoned,  others  became 
very  iU.     One  sheep  died  after  eai-ing  8  ounces  of  the  kalmia. 

At  the  Salina  station  only  one  steer  was  fed  the  plant.  He  re- 
ceived 9  ounces,  or  a  0.3  percent  dose,  without  effect. 

Of  three  goats  fed,  one  given  a  0.5  percent  dose  was  somewhat 
affected.  As  doses  of  0.3  and  0.4  percent,  respectively,  were  given 
to  two  other  goats  without  effect,  0.5  percent  would  appear  to  be 
the  minimum  toxic  dose  for  these  animals. 

Nineteen  sheep  were  given  doses  of  the  plant.  The  smallest  dose 
that  affected  an  animal  w^as  0.3  percent.  This  produced  symptoms 
of  poisoning  in  sheep  1009.     The  same  dose,  however,  was  given  to 
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sheep  1207  without  effect;  therefore,  0.3  percent  may  be  taken  as  a 
minimum  toxic  dose  for  sheep.     Other  doses  of  various  sizes  up  to 

2  percent  were  given  to  different  sheep.  Since  none  of  the  animals 
fed  the  plant  were  killed  by  it,  the  lethal  dose  was  not  determined; 
however,  the  2  percent  fed  to  sheep  1162  caused  a  very  severe  illness 
and  it  was  thought  to  be  almost  a  fatal  quantity  for  that  animal.  The 
results  of  the  feedings  indicate  that  the  plant  was  about  as  toxic  as 
K.  latifolia  and  considerably  less  toxic  than  K.  angustifolia  {12). 

Although  the  data  thus  far  obtained  by  the  writer  and  other  inves- 
tigators are  insufficient  for  the  formation  of  other  than  general 
impressions  it  appears  that  sheep  are  slightly  more  susceptible  to 
poisoning  by  this  plant  than  either  goats  or  cattle. 

POISONOUS  QUALITIES  OF  PLANT  AS  RELATED  TO  STAGE  OF  GROWTH  AND 

REGION 

The  results  of  his  experimental  work  led  Fleming  {6)  to  conclude 
that  there  might  be  differences  in  the  poisonous  qualities  associated 
with  the  age  of  the  plants  and  with  the  region  in  which  they  grew. 
In  the  experimental  evidence  here  presented  such  variations  were  not 
apparent.  Plants  collected  in  the  same  area  on  the  Tahoe  National 
Forest  at  different  seasons  and  plants  collected  on  the  Cascade 
National  Forest  were  all  of  about  the  same  degree  of  toxicity.  The 
symptoms  in  the  goat  and  all  of  the  sheep  that  were  poisoned  were 
very  similar. 

SUMMARY 

Alpine  kalmia  (Kalmia  microphylla),  a  species  closely  related  to 
bog  kalmia  {K.  polifolia),  has  been  suspected  of  poisoning  cattle  and 
sheep  in  the  higher  mountain  ranges  of  the  western  part  of  the 
United  States  and  in  Canada. 

The  experimental  evidence  obtained  at  the  Salina  Experiment 
Station,  near  Salina,  Utah,  shows  that  sheep  may  be  affected  by  as 
little  as  0.3  percent  of  their  own  weight  of  the  green  leaves,  and  that 
they  may  consume  as  much  as  2  percent  without  being  fatally  poisoned. 

Symptoms,  which  are  principally  weakness  and  nausea,  accom- 
panied with  salivation  and  vomiting,  may  develop  within  less  than 

3  hours  after  a  toxic  dose  has  been  eaten,  or  they  may  not  be  apparent 
for  14  hours  or  more.  Poisoned  animals  may  remain  ill  for  more 
than  2  days  and  still  recover. 

Alpine  kalmia  is  sufficiently  poisonous  to  be  a  source  of  danger  to 
sheep,  goats,  and  cattle,  sheep  being  the  most  susceptible.  Ex- 
perimental data  strongly  indicate  that  it  is  approximately  equally 
poisonous  at  all  stages  of  growth  and  in  different  localities. 
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INTRODUCTION 

A  detailed  investigation  of  the  design  and  operating  character- 
istics of  pumping  plants  in  the  upper  Mississippi  Valley  was  made  in 
1925  to  1930.  The  investigation  developed  that  the  amount  of  water 
pumped  annually  from  some  drainage  districts  was  more  than  double 
that  from  other  all-pumping  districts  of  like  size  in  the  same  locahty, 
because  of  differences  in  seepage  from  the  streams  bordering  the 
districts.  The  amount  of  seepage  was  found  to  be  related  to  the 
average  static  lift,  to  the  porosity  of  subsoil  strata,  and  to  the  extent 
that  (&ainage  ditches  cut  mto  those  strata.  The  data  collected  show 
a  correlation  of  plant  capacity  at  maximum  lift  with  average  annual 
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amount  of  pumping  which  has  been  expressed  in  a  formula,  with 
constants  determined  for  the  upper  Mississippi  Valley  and  sugges- 
tions as  to  the  modification  for  application  in  other  regions.  Much 
operating  and  cost  data  gathered  in  that  study  have  already  been 
published  {Jj)} 

In  1930  there  were  3,642,495  acres  in  organized  drainage  enter- 
prises served  by  pumps  in  the  United  States  which  had  a  total  capacity 
of  17,854,824  gallons  per  minute  (5).  The  capacity  of  the  engines 
and  motors  driving  the  pumps  was  99,747  horsepower,  of  which  64.2 
percent  was  electric,  9.8  percent  steam,  13.2  percent  internal  combus- 
tion, and  12.8  percent  combinations  of  these  kinds  of  power.  The  cost 
of  the  drainage  works  of  these  enterprises  was,  up  to  December  31, 
1929,  $109,823,504. 

To  assist  engineers  in  designing  and  operating  more  efficient  low- 
lift  drainage  pumping  plants  this  bulletin  has  been  prepared,  pre- 
senting (1)  the  elements  to  be  considered  in  the  design  of  such  plants, 
(2)  data  for  use  in  determining  these  elements  in  the  upper  Mississippi 
Valley,  (3)  a  discussion  of  the  selection  and  design  of  drainage  pump- 
ing equipment,  and  (4)  suggestions  for  the  construction  and  operation 
of  pumping  plants. 

The  facts  presented  may  be  used  for  improving  the  operating  effi- 
ciency of  existing  plants  and  for  designing  and  constructing  plants  to 
replace  existing  equipment  when  it  is  worn  out  and  cannot  be  operated 
economically.  The  low  prices  of  agricultural  products  during  the  past 
few  years  do  not  encourage  further  reclamation  by  drainage  pumping 
at  this  time.  However,  some  existing  districts  may  find  it  essential 
to  install  pumping  plants  to  protect  parts  of  the  enterprise  that  could 
not  otherwise  be  adequately  drained,  and  thereby  enable  those  areas 
to  contribute  their  proper  share  to  the  expenses  of  those  enterprises. 

Acknowledgment  is  made  of  the  cooperation  rendered  by  the  com- 
missioners, engineers,  attorneys,  and  plant  operators  of  the  several 
districts  in  obtaining  the  records  of  plant  operation.  Important 
data  for  this  report  were  furnished  by  the  following  engineering 
firms:  Bushnell  &  Bushnell,  of  Quincy,  111.;  Caldwell  Engineering 
Co.,  of  Jacksonville,  111.;  Central  States  Engineering  Co.,  of  Mus- 
catine, Iowa;  Goodell  &  Millard,  of  Beardstown,  111.;  Harmon 
Engineering  Co.,  of  Peoria,  111.;  McCann  Engineering  Co.,  of 
Quincy,  111.;  and  Randolph-Perkins  Engineering  Co.,  of  Chicago,  111. 
No  less  important  to  the  success  and  accuracy  of  the  study  have 
been  the  cost  data  suppUed  by  the  electric,  oil,  coal,  and  machinery 
companies. 

CONDITIONS  NECESSITATING  PUMPING 

The  bottom  lands  along  Illinois  River  below  Peoria  and  along 
Mississippi  River  between  Rock  Island,  111.,  and  the  mouth  of  the 
Illinois  have  been  largely  subject  to  overflow  by  river  floods  so  fre- 
quently that  farming  them  was  unprofitable  or  impossible.  The  con- 
struction of  dams  for  navigation  and  for  power  has  aggravated  the 
conditions  in  some  sections.  To  protect  the  lands  against  high 
water,  more  than  threescore  drainage  districts  have  been  organized 
under  State  drainage  laws,  built  levees  to  keep  out  the  floods,  and 
installed  ditch  systems  and  pumping  plants  to  drain  the  lands.  The 
extent  of  pumping  for  drainage  in  that  region  is  shown  in  figure  1, 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  66. 
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IOWA 


MISSOURI 


PIOUKE  1.— Pumping  drainsRe  districts  on  Illinois  River  below  Peoria  and  on  Mississippi  River  between 
Savanna,  111.,  and  St.  Louis,  Mo.,  1930.    (Districts  identified  by  key  numbers  used  in  table  7,  p.67.) 
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and  the  major  design  elements  of  the  pumping  plants  are  given  in  the 
appendix  (table  7). 

Those  drainage  districts  usually  extend  from  the  river  bank  to 
bluffs  which  rise  abruptly  to  heights  of  from  50  to  200  feet  above  the 
river  level.  They  usually  extend  along  the  Mississippi  or  the  Ilhnois 
between  tributaries  which  are  too  large  to  be  diverted  or  pumped 
economically.  Most  districts  are  2  to  4  miles  in  width  and  4  to  8 
miles  in  length.  About  two  thirds  of  the  area  in  the  pumping  districts 
is  so  low  in  relation  to  river  stages  that  all  drainage  water  must  be 
pumped.  The  other  third  is  at  such  elevations  as  to  require  pumping 
only  part  of  the  run-off,  and  during  part  of  the  time  obtains  gravity 
drainage  through  sluices. 

RELATION  OF  PUMPING  PLANT  TO  GENERAL  PLAN  OF  DRAINAGE 

Lands  that  require  a  pumping  plant  for  drainage  always  require 
additional  drainage  works  such  as  levees,  interior  ditches,  frequently 
tile  drains,  and  sometimes  channels  to  divert  hill  streams.  All  of 
these  works  should  be  coordinated  by  the  designing  engineer  in  order 
to  obtain  an  adequate  and  economical  plan  of  drainage  for  the  district. 
The  diversion  of  hill  streams  is  generally  advisable  even  at  considera- 
ble expense  in  order  to  reduce  the  costs  of  pumping  and  of  maintaining 
the  drainage  ditches.  Where  the  lands  lie  well  above  low-river 
stages,  gravity  drainage  sometimes  can  be  obtained  by  means  of  a 
sluiceway  through  the  levee.  On  the  other  hand,  where  gravity 
drainage  could  be  obtained  only  for  occasional  short  intervals  it  may 
be  more  economical  to  pump  all  the  drainage  than  to  install  the 
sluiceway. 

LOCATION  OF  PUMPING  PLANTS 

The  location  of  the  pumping  plant  is  determined  largely  by  the 
topography  of  the  district.  It  is  desirable  to  install  all  the  pumping 
equipment  at  one  location  if  possible  to  secure  lowest  construction  and 
maintenance  costs.  When  this  is  impractical,  electric  power  is  more 
convenient  than  other  types  of  power  to  operate  small  plants.  Sep- 
arate pumping  plants  are  usually  less  economical  for  draining  isolated 
areas  than  deep  ditches  even  though  such  ditches  are  costly  to  main- 
tain. Sometimes  it  is  really  impractical  to  drain  all  parts  of  a  district 
to  one  plant,  but  division  of  an  area  to  create  a  separate  district  is 
generally  inadvisable.  It  increases  the  overhead  expenses,  some  of 
which  are  almost  as  great  for  a  small  district  as  for  a  large  one. 

If  some  choice  of  location  is  possible,  then  the  proximity  to  towiis, 
good  roads,  railroads,  or  a  navigable  waterway  may  be  the  controlling 
factor.  Such  advantages  are  especially  important  for  a  steam-  or  an 
oil-engine  plant,  to  decrease  the  costs  of  hauling  fuel  to  the  plant  and 
to  attract  more  skilled  operators  to  work  at  the  plant.  Similarly, 
proximity  to  a  power  line  is  a  factor  in  the  location  of  an  electric  plant, 
although  the  cost  of  extending  a  power  line  is  not  usually  sufficient  to 
justify  a  large  increase  in  the  cost  of  the  ditch  systeni.  When  an  old 
pumping  plant  is  being  replaced  it  is  usually  impracticable  to  change 
materially  the  location  of  the  plant.  When  other  conditions  do  not 
control,  the  best  location  may  be  determined  by  the  pumping  lifts 
and  foundation  conditions. 


9      DRAINAGE   PUMPING  PLANTS  IN  UPPER  MISSISSIPPI  VALLEY      5 
DETERMINATION  OF  STATIC  LIFTS 

Determination  of  the  maximum,  minimum,  and  average  static  lifts 
is  a  most  important  part  of  the  design  of  a  drainage  pumping  plant. 
The  pump  manufacturer  needs  these  data  in  order  to  supply  equip- 
ment that  will  operate  efficiently  through  the  controlling  range  in  lifts 
and  be  adequate  in  capacity  at  the  maximum  Uft.  The  importance 
of  the  variations  in  lift  has  not  always  been  recognized.  For  example, 
one  plant  was  designed  for  a  head  of  17  feet  but  no  provision  was  made 
for  efficient  low-Uft  pumping  although  the  average  Uft  has  been  only 
5  feet.  When  new  impellers  were  installed  in  the  pumps  and  the 
speed  decreased,  a  saving  in  electric  power  was  obtained  estimated  to 
average  $2,000  per  year. 

The  maximum,  minimimi,  and  average  Uf  ts  depend  on  the  operating 
stages  of  both  the  suction  and  the  discharge  bays.  The  elevation  of 
land  to  be  drained,  the  slope  and  operating  levels  of  water  in  the 
interior  ditches,  and  the  elevations  of  tile  outlets  determine  the 
operating  levels  of  the  suction  bay.  For  this  reason  the  static  lifts 
usually  can  be  determined  best  after  the  ditch  system  has  been 
designed. 

The  maximum  stage  in  the  suction  bay  usually  occurs  when  the 
pumps  are  unable  to  control  the  water  and  low  areas  of  land  are 
flooded.  The  minimum  stage  occurs  when  the  ditches  are  pumped 
very  low  in  order  to  extend  the  time  until  the  pumps  will  need  to  be 
started  again.  In  many  cases  it  is  desirable  to  hold  the  suction  bay 
at  a  low  stage  in  the  spring  in  order  to  lower  the  water  table  in  the 
ground.  The  desirable  maximum  operating  level,  or  optimum  stage 
of  the  suction  bay,  ordinarily  is  the  level  that  will  give  drainage  to 
the  lowest  important  areas  of  cultivated  land.  The  optimum  stage 
may  vary  with  season  of  year  and  with  weather  conditions.  The 
ordinary  fluctuations  in  operating  level  may  depend  largely  on  the 
amount  of  storage  in  the  ditch  system.  Large  storage  in  sloughs  or 
lakes  at  normal  operating  levels  of  the  suction  bay  is  advantageous 
for  several  reasons.  A  run-off  that  temporarily  exceeds  the  plant 
capacity  will  not  raise  the  water  in  the  bay  and  the  ditches  so  much 
above  the  "optimum"  stage  (the  stage  at  which  it  is  desired  to  hold 
water  in  the  suction  bay),  which  results  in  better  drainage  for  the  lands 
of  the  district.  Also,  the  water  iu  the  bay  need  not  be  pumped  so 
much  below  the  optimum  stage  to  provide  a  convenient  interval 
between  pumpings. 

Pumping  the  water  low  in  the  suction  bay  increases  the  static  lift 
and  tends  to  suck  air  into  the  pump,  which  decreases  its  efficiency. 
When  a  district  has  large  storage  a  very  small  pump  is  not  so  essential 
for  pumping  during  periods  of  small  run-off.  In  some  cases  it  may 
be  desirable  to  leave  some  low  sloughs  or  lakes  unreclaimed,  in  order 
to  provide  storage  capacity. 

MAXIMUM  UFT 

The  maximum  Uft  should  be  taken  as  the  difference  between  the 
maximum  stage  of  the  discharge  bay  and  the  optimum  stage  of  the 
suction  bay.  The  maximimi  Uft  must  be  determined  accurately, 
because  if  estimated  too  low  the  capacity  of  the  plant  may  be  inade- 
quate during  floods.  The  maximum  Uft  may  be  determined  from 
Tna.ximum  recorded  flood  stages  at  nearby  gages.    Figures  2  and  3 
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show  profiles  of  maximum  and  minimum  stages  of  the  Illinois  and 
Mississippi  Rivers.  Those  are  valuable  for  estimating  maximmn 
and  minimum  river  stages  at  points  between  the  gaging  stations. 
The  stages  of  the  discharge  bay  for  a  plant  located  on  a  tributary 
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channel  may  be  higher  than  for  one  located  on  the  main  river.     Static 
lifts  for  15  districts  studied  are  shown  in  table  4,  page  13. 

Figures  4  and  5  show  the  hydrographs  for  selected  stations  on  the 
Illinois  River  for  1927  and  on  the  Mississippi  River  for  1929.  The 
floods  during  those  years  are  believed  to  represent  maximum  condi- 
tions that  pumping  plants  along  those  rivers  should  be  designed  to 
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meet,  both  as  to  height  and  as  to  duration  of  flood.  More  extreme 
conditions  probably  would  require  increase  in  plant  capacity  as  well 
as  in  lift.  Increasing  the  hft  unnecessarily  increases  the  power  re- 
quired to  drive  the  pumps  and,  what  is  more  important,  tends  to 
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FiQUBE  6.— DaUy  stages  of  Mississippi  River  between  Dubuque  and  St.  Louis,  1929. 

decrease  the  plant  efficiency  at  lower  lifts.  The  maximum  lift  for 
plant  desipi  can  be  decreased  to  some  extent  where  the  river  falls 
very  rapidly  after  reaching  a  crest.  It  is  usually  impracticable  to 
prevent  flooding  of  some  low-lying  areas  by  the  worst  floods. 
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Study  of  operating  conditions  during  flood  periods  (pp.  20  to  24) 
shows  the  importance  of  designing  a  plant  to  pump  its  full  capacity 
at  the  maximum  lift.  Full-capacity  pumping,  as  the  figure  shows,  fre- 
quently must  be  begun  several  days  before  the  maximum  river  stage 
occurs  and  be  continued  until  the  flood  crest  has  passed.  A  con- 
siderable period  of  inundation  might  cause  greater  crop  losses  in  a 
single  year  than  the  entire  cost  of  an  adequate  pumping  plant. 

MINIMUM  LIFT 

The  minimum  lift  should  be  assumed  to  be  difference  between  the 
minimum  stage  of  discharge  bay  and  the  optimum  stage  of  suction 
bay.  Illinois  and  upper  Mississippi  Kivers  remain  near  minimum 
stage  for  longer  periods  than  at  any  other  stage.  Therefore  it  is 
important  to  nave  at  least  one  pumping  unit  that  will  operate  effi- 
ciently near  the  minimum  lift. 

In  many  instances  the  minimum  elevation  of  the  discharge  bay  is 
above  the  minimum  river  stage  because  the  bay  is  considerably  dis- 
tant from  the  river  or  obstructions  intervene.  The  absolute  minimum 
stage  of  the  discharge  bay  occurs  so  infrequently  that  it  is  not  neces- 
sary that  the  unit  be  designed  to  pump  with  highest  efficiency  against 
the  extreme  low  lift.  Average  low-water  stages  such  as  given  in 
table  1  are  probably  better  for  estimating  minimum  lifts.  For 
instance,  as  8.9  and  8.7  feet  for  August  and  September  are  the  average 
minimum  stages  for  Beardstown,  it  is  desirable  to  use  elevations 
corresponding  to  a  stage  of  9  feet  in  computing  the  minimum  lift  for 
plants  in  that  vicinity.  The  minimum  stages  of  the  Mississippi 
occurring  in  December,  January,  and  February  should  be  disregarded 
because  they  occur  at  a  season  when  very  little  pumping  is  necessary. 
Figures  2  and  3  also  can  be  used  in  estimating  minimum  lifts  for 
pumping  plants  along  the  upper  Mississippi  and  Illinois  Rivers. 

Table  1. — Average  minimum  stages^   (feet)   of  Illinois  and  Mississippi  Rivers^ 

1925  to  1930 

ILLINOIS  RIVER 


Station 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Peoria,  111 

Beardstown,  111 

13.6 
10.9 

8.4 

14.2 
12.2 
9.8 

15.6 
13.6 
10.3 

16.0 
14.8 
12.1 

14.0 
13.0 
10.3 

12.5 
11.5 

8.8 

11.7 
10.3 

7.4 

10.8 
8.9 
6.1 

10.9 

8.7 
6.1 

12.0 
10.6 
8.0 

11.9 
10.1 
7.5 

13.2 
10.7 

Pearl,  111 

7.8 

MISSISSIPPI  RIVER 

Dubuque,  Iowa_. 
Davenport,  Iowa 
Keokuk,  lowa..- 

Quincy,  111 

Hannibal,  Mo— . 
St.  Louis,  Mo 


3.9 

4.1 

5.0 

8.2 

5.6 

4.7 

3.8 

2.4 

3.1 

4.1 

3.4 

3.5 

3.6 

3.6 

6.7 

4.5 

3.5 

2.7 

1.7 

2.3 

3.1 

2.6 

-.5 

.3 

3.2 

6.9 

4.2 

3.0 

1.9 

.8 

1.2 

2.4 

L9 

2.2 

3.5 

5.2 

8.3 

5.8 

4.5 

3.4 

2.1 

2.5 

3.7 

3.6 

2.8 

4.2 

5.5 

8.6 

6.2 

4.7 

3.6 

2.2 

2.7 

3.8 

3.9 

4.5 

5.7 

9.9 

15.4 

13.1 

12.5 

8.8 

5.7 

4.8 

6.3 

6.2 

2.2 
L2 


L3 
3.3 


>  Weather  Bureau  gage  readings.    See  figs.  2  and  3  for  elevations,  Memphis  datum,  of  zeros  of  gages. 

AVERAGE  LIFT 

The  average  lift  for  use  in  designing  a  drainage  pumping  plant  may 
be  determined  from  the  average  monthly  lifts  weighted  according  to 
the  amounts  of  run-off  pumped  in  the  respective  months. 
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The  average  stages,  annual  and  monthly,  of  the  Mississippi  and 
the  Illinois  at  the  principal  cities  in  the  region  where  drainage  pump- 
ing is  common  are  given  in  table  2.  The  average  stages  are  highest 
along  the  Illinois  in  March,  April,  and  May  and  along  the  Mississippi 
in  April,  May,  and  June.  Maximum  river  stages  occur  somewhat 
later  on  the  Mississippi  because  its  drainage  area  lies  farther  north. 
From  this  table  the  average  elevations  of  the  discharge  b?iy  can  be 
approximated,  by  interpolating  between  the  stages  shown  according 
to  water  slopes  indicated  in  figures  2  and  3.  Consideration  should 
be  ^ven,  of  course,  to  any  other  available  data  relating  to  water  ele- 
vations at  the  particular  location  of  the  proposed  pumpmg  plant. 

Table  2. — Average  stages  ^  (feet)  of  Illinois  and  Mississippi  Rivers 

ILLINOIS  RIVER 


station 

<-> 

1 

1 

1 

1^ 

H» 

1 

< 

1 
1 

1 

1 
1 

1 

<5 

Period  of 
record  (in- 
clusive 
years) 

Peoria,  III .— 

Beardstown,  Dl 

Pearl,  111 

12.3 
10.9 

8.1 

13.6 
11.9 

9.1 

16.4 
13.6 

11.2 

15.8 
14.6 

13.4 

14.1 
13.0 

11.2 

12.9 
11.9 

10.0 

11.5 
10.6 

8.2 

10.6 
9.8 

7.0 

10.4 
9.5 

7.0 

10.8 
10.0 

7.4 

10.9 
9.7 

7.2 

11.7 
10.4 

7.9 

12.5 
11.3 

9.0 

1900  to  1930 
n900tol930 
f  1900  to  1904 
11917  to  1930 

MISSISSIPPI  RIVER 

Davenport,  Iowa 

Ke9kuk,  Iowa.. 

4.2 
2.9 
3.6 
3.7 
6.9 

4.9 
4.0 
4.7 
6.2 
9.1 

6.7 
6.3 
7.1 
7.6 
13.9 

7.9 
8.7 
10.6 
10.8 
18.6 

7.8 
8.6 
9.0 
9.6 
18.4 

6.9 

7.8 
8.5 
9.3 
19.6 

6.4 
6.9 
6.0 
7.1 
17.3 

3.3 
3.6 
4.3 

4.8 
11.2 

3.2 
3.3 
4.2 
4.4 
9.0 

3.7 
3.6 
4.6 
4.7 
8.3 

3.4 

2.8 
2.2 
2.9 
3.2 
6.9 

4.9 
6.0 
6.8 
6.2 
12.2 

1872  to  1930 
31868  to  1930 
1911tol930 

Hannibal,  Mo 

St.  Louis,  Mo 

3190510  1930 
31861  to  1930 

'  Weather  Bureau  gage  readings.    See  figs.  2  and  3  for  elevations  of  zeros  of  gages  (Memphis  datum). 
*  Records  incomplete  for  1906  to  1915. 
'  Except  when  river  was  frozen. 

The  average  monthly  lifts  can  be  estimated  from  the  average  eleva- 
tion of  water  in  the  suction  bay  and  the  average  monthly  elevations 
in  the  discharge  bay.  The  average  amount  of  pumping  done  monthly 
should  be  estimated  as  explained  under  Distribution  of  Run-off, 
page  16.  The  annual  average  lift  determined  according  to  the 
amounts  of  pumping  done  in  different  months  will  be  more  nearly 
correct  than  if  taken  as  the  difference  between  the  annual  average 
stages  of  the  suction  and  discharge  bays  because  more  pumping  is 
done  when  the  river  is  high  than  when  it  is  low. 


DETERMINATION  OF  RUN-OFF 

The  run-off  from  a  pumping  district  often  includes,  in  addition  to 
the  surface  flow,  a  large  amount  of  seepage  from  nearby  hill  lands  and 
from  bordering  rivers  or  creeks. 

The  rate  of  surface  run-off  depends  on  the  distribution  of  rainfall, 
other  climatological  conditions,  the  size  and  shape  of  watershed,  the 
ground  slopes,  the  vegetal  cover,  and  the  character  of  soil.  The 
rate  of  seepage  from  hul  lands  is  affected  by  the  same  conditions  but 
especially  by  soil  and  subsoil  characteristics.  The  rate  of  seepage 
from  adjacent  bodies  of  water  depends  especially  upon  the  difference 
in  elevation  of  the  water  inside  and  outside  the  dramage  district,  the 
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extent  of  water-bearing  gravel  and  sand  under  the  district,  and  the 
length  and  location  of  drains  touching  the  water-bearing  strata. 
Because  of  the  large  number  of  influencing  factors,  the  amounts  and 
rates  of  run-off  to  be  pumped  can  best  be  estimated  from  comparisons 
with  similar  districts  from  which  the  run-off  has  been  measured.  A 
large  amount  of  such  data  are  available  for  the  districts  in  the  upper 
Mississippi  Valley  (4,  6)  and  will  be  discussed  in  the  following  pages. 
Considerable  data  are  available  also  for  districts  in  Louisiana  {1,  2). 
For  the  design  of  a  drainage  pumping  plant  careful  estimates  should 
be  made  of  (1)  the  average  yearly  run-off  ,(2)  the  distribution  of  that 
run-off,  (3)  the  maximum  daily  run-off,  and  (4)  the  minimum  daily 
run-off.  The  yearly  run-off  must  be  known  in  order  to  estimate  the 
annual  cost  of  pumping  and  determine  the  feasibility  of  the  project. 
The  seasonal  distribution  of  the  run-off  as  well  as  the  lifts  must  be 
known  in  order  to  design  an  efficient  pumping  plant.  The  maximum 
daily  run-off  determines  the  total  capacity  of  the  plant,  and  the 
minimum  run-off  is  important  in  determining  the  size  of  the  smallest 
pumping  unit. 

RAINFALL  IN  THE  UPPER  MISSISSIPPI  VALLEY 

The  normal  annual  rainfall  at  14  stations  on  Illinois  and  upper 
Mississippi  Rivers,  as  determined  by  the  Weather  Bureau  varies  from 
32.14  inches  at  Davenport,  Iowa,  to  37.44  inches  at  St.  Louis,  Mo., 
and  the  normal  monthly  precipitation  from  1.03  to  4.95  inches,  as 
shown  in  table  3. 

Table  3. — Normal  monthly  and  annual  precipitation  {inches)  along  Illinois  and 

Mississippi  Rivers  ^ 

ILLINOIS  RIVER 


Station 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

An- 
nual 

Peoria,  HI 

1.78 
2.03 
1.63 
1.03 
2.22 

2.01 
1.71 
1.52 
1.04 
1.97 

2.73 
2.85 
3.15 
3.47 
3.39 

3.38 
3.21 
3.32 
4.25 
3.77 

4.06 
3.70 
4.21 
3.35 
3.94 

3.77 
3.82 
3.56 
3.19 
3.80 

3.58 
3.82 
3.00 
2.20 
3.23 

3.12 
2.97 
3.59 
3.25 
3.50 

4.03 
3.97 
3.92 
4.95 
3.75 

2.29 
2.09 
2.57 
3.93 
2.79 

2.37 
2.06 
1.89 
2.25 
2.39 

1.77 
1.87 
1.65 
1.75 
2.43 

34  89 

Havana,  111      

Beardstown,  111 

Pearl,  111 

Grafton,  111 

34.10 
34.01 
34.66 
37.18 

MISSISSIPPI  RIVER 


Dubuque,  Iowa 

Davenport,  Iowa 

Muscatine,  Iowa 

Burlington,  Iowa 

Keokuk,  Iowa 

Quincy,  111 

Hannibal,  Mo 

Louisiana,  Mo 

St.  Louis,  Mo 

1.30 
1.42 
1.84 
1.76 
1.66 
1.68 
1.72 
2.02 
2.34 

1.92 
1.81 
1.55 
1.57 
1.86 
2.35 
2.66 

2.03 
2.31 
2.60 
2.51 
2.38 
2.35 
2.60 
2.90 
3.38 

2.85 
2.69 
3.28 
3.10 
2.99 
3.10 
3.19 
3.38 
3.81 

4.22 
3.94 
4.42 
4.53 
3.93 
4.22 
4.35 
4.56 
4.34 

4.31 
4.11 
4.43 
4.29 
4.13 
4.11 
3.90 
3.95 
3.82 

3.94 
3.33 
3.71 
3.41 
3.41 
3.47 
3.09 
3.12 
2.98 

3.24 
3.49 
4.14 
3.73 
3.20 
3.13 
3.34 
3.73 
2.99 

4.01 
3.68 
3.60 
3.92 
3.84 
4.68 
3.97 
3.95 
3.46 

2.48 
2.39 
2.66 
2.28 
2.26 
1.96 
2.39 
2.63 
2.72 

1.70 
1.82 
2.30 
1.86 
1.94 
1.87 
2.06 
2.28 
2.83 

1.44 
1.48 
1.96 
1.60 
1.46 
1.51 
1.64 
1.69 
2.21 

32.90 
32.14 
36.85 
34.80 
32.64 
33.65 
34.01 
36.66 
37.44 

Average  for  14  sta- 
tions  _. 

L74 

L77 

2.76 

3.31 

4.13 

3.94 

3.31 

3.39 

3.97 

2.53 

2.12 

L74 

34.71 

U.S.  Weather  Bureau  records. 


The  maximum  24-hour  rainfalls  that  have  been  recorded  at  those 
stations  range  from  4.80  inches  at  Keokuk  to  7.02  inches  at  St.  Louis. 
The  maximum  rainfalls  have  occurred  during  the  growing  season  when 
evaporation  and  transpiration  are  large  and  the  ground  is  likely  to 
absorb  a  large  portion  of  a  heavy  rainfall.     Kains  exceeding  5  inches 
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in  24  hours  have  not  been  recorded  at  any  of  the  stations  during 
October  to  April,  inclusive.  A  total  rainfall  of  15.56  inches  recorded 
at  the  Scott  County  plant  from  August  30  to  September  9,  1926, 
started  one  of  the  highest  and  most  prolonged  floods  known  on  Illinois 
River.  Recorded  precipitations  were  5.18  inches  on  September  4 
and  5.95  inches  on  September  8. 

ANNUAL  RUN-OFF 

The  best  way  of  determining  the  average  annual  run-off  from 
districts  where  no  records  are  available  is  by  comparison  with  districts 
whose  topographical,  soil,  drainage,  and  static  lift  conditions  are 
similar.  The  estimated  average  annual  run-off  for  certain  districts 
in  the  upper  Mississippi  Valley,  with  the  static  lifts  and  the  amounts 
that  backwater  from  power  and  navigation  dams  have  increased  the 
minimum  lifts,  are  shown  in  table  4. 

Table  4. — Estimated  annual  run-off  to  be   pumped,   static  lifts,   and  backwater 
effects  for  typical  districts 

GROUP  1.— ILLINOIS  RIVER  DISTRICTS  PUMPING  CONSIDERABLE  SEEPAGE 


District 

Average 
run-off 
depth 

pumped  2 

Static  lift 

Back- 

Key No.' 

Average 
annual 

Maxi- 
mum 

Minimum 
monthly 

water 
effect* 

22 

South  Beardstown -.. 

Inches 
35 
24 
20 
16 

Feet 
14 
12 
7 
11 

Feet 
24 
22 
18 
21 

Feet 
9 
8 
1 
7 

Feet 
10 

18 

Coal  Creek 

10 

36 

Eldred                                   .    — 

*  11 

19 

Crane  Creek 

10 

GROUP  2.  ILLINOIS  RIVER  DISTRICTS  PUMPING  LITTLE  SEEPAGE 


6-. 
30. 


Valley  City- - 
Banner  Special 
Scott  County.. 
McGee  Creek.. 
Hartwell 


16 

11 

20 

6 

16 

12 

23 

8 

14 

12 

22 

7 

14 

10 

20 

4 

14 

11 

18 

4 

GROUP  3.  MISSISSIPPI  RIVER  DISTRICTS  PUMPING  CONSIDERABLE  SEEPAGE 

62 

Green  Bay 

32 
27 

11 
7 

13 
13 

10 
4 

10 

61 

Henderson  County 

n 

GROUP  4.  MISSISSIPPI  RIVER  DISTRICTS  PUMPING  LITTLE  SEEPAGE 

43 

Bay  Island 

15 
12 

7 
5 

17 
16 

1 
1 

0 

87 

Indjan  Grave 

0 

GROUP  6.  DISTRICTS  HAVING  SOME  GRAVITY  DRAINAGE 

69 

Fabius 

7 
5 

5 
4 

13 
12 

1 
1 

n 

29 

Mauvaisterre 

a 

1  For  identification  in  figures  1  and  10  and  table  7. 

*  The  figure  for  Coal  Creek  district  is  the  average  for  16  years;  the  figures  for  South  Beardstown.  Green 
Bay,  Banner  Special,  Uartwell,  and  Indian  Grave  districts  were  determined  from  long  records  of  power 
used  and  records  of  pumping  for  shorter  periods;  the  estimates  for  the  other  districts  then  were  based  largely 
on  comparisons  of  amounts  of  pumping  recorded  by  those  districts  with  the  amounts  by  the  districts  ju^ 
named  U,  p.  81). 

*  BMtgtA  that  minimum  river  stages  have  been  raised  by  dams. 

*  Along  upper  part  of  district  only.    Backwater  increases  seepage,  but  does  not  affect  lift. 
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The  average  annual  lifts  were  estimated  from  records  of  lift  pub- 
lished elsewhere  {/}.,  p.  81),  long-time  records  of  river  stages,  the  dis- 
tribution of  run-off  and  the  optimum  suction-bay  stages.  The  maxi- 
mum Ufts  were  determined  from  river-stage  records  and  optimum 
suction-bay  stages.  The  minimum  lifts  represent  the  least  monthly 
average  recorded  with  the  suction  bay  at  optimum  stage.  The 
amount  that  the  minimum  river  stages  were  raised  by  backwater 
from  dams  was  determined  from  profiles  of  low  water  before  and  after 
the  dams  were  installed  in  the  rivers. 

The  districts  have  been  grouped  according  to  the  amount  that  back- 
water from  dams  increased  the  run-off  to  be  pumped.  Districts 
having  an  average  annual  run-off  of  20  inches  or  greater  evidently 
were  materially  affected  by  backwater.  This  represents  an  increase 
of  at  least  6  to  8  inches  in  annual  run-off  due  to  the  dams. 

The  Crane  Creek  district  has  been  included  in  the  same  group 
because  its  run-off  has  also  been  increased  greatly  due  to  the  dam. 
A  large  proportion  of  the  district  is  relatively  high,  and  if  it  were 
not  for  the  dam,  this  district  could  obtain  gravity  drainage  a  large 
part  of  the  time  and  would  pump  probably  8  inches  less  depth  than 
now  is  necessary.  The  Valley  City  district,  on  the  other  hand,  is  so 
low  it  could  obtain  very  little  gravity  drainage  even  if  not  affected  by 
backwater,  and  existence  of  the  dam  probably  does  not  increase  the 
average  run-off  to  be  pumped  by  more  than  2  or  3  inches  per  year. 

The  estimated  average  annual  run-off  of  districts  of  group  1,  the 
districts  that  pump  a  considerable  amount  of  seepage  from  Illinois 
River,  ranged  from  16  to  35  inches  depth  over  the  watershed  area. 
The  South  Beardstown,  Crane  Creek,  and  Coal  Creek  districts  are 
above  the  dam  at  La  Grange,  111.  Only  the  upper  part  of  the  Eldred 
district  is  affected  by  backwater,  but  the  run-off  pumped  is  20  inches 
per  year.  The  lifts  are  not  affected  by  backwater  because  the  pump- 
ing plant  is  below  the  dam. 

The  average  run-off  pumped  from  the  Illinois  River  districts  of 
group  2,  (table  4)  varied  only  from  14  to  16  inches.  Apparently  there 
was  little  seepage  into  these  districts  and  the  run-off  was  little  affected 
by  backwater  from  dams  except  that  no  gravity  drainage  could  be 
obtained.  Although  the  dams  increased  the  low-water  stages  at 
these  districts  from  5  to  9  feet,  part  of  this  increase  was  without  effect 
because  the  low-water  stages  of  the  Illinois  prior  to  the  time  that  the 
dams  were  put  in,  were,  in  some  cases,  below  the  normal  stages  of 
the  suction  bay.  The  districts  of  group  2  have  tight  soils  which  re- 
duce seepage  to  a  minimum,  and  the  records  indicate  that  backwater 
from  dams  may  be  of  Uttle  importance  if  the  subsoils  are  sufficiently 
tight. 

Group  3  comprises  two  districts  on  the  Mississippi  affected  by  back- 
water from  the  Keokuk  dam.  The  dam  holds  the  water  at  almost 
constant  elevation  at  the  Green  Bay  district,  where  the  minimum 
hft  is  10  feet  and  the  maximum  13  feet. 

Group  4  comprises  two  Mississippi  River  districts  not  affected  by 
backwater  from  dams,  but  which  obtain  no  gravity  drainage.  The 
run-off  from  these  districts  varies  from  12  to  15  inches,  which  is  con- 
sidered typical  for  districts  in  this  territory  that  have  to  pump  all 
run-off  but  into  which  there  is  little  seepage. 

Group  5  comprises  two  districts  having  some  gravity  drainage 
which  pumped  average  run-off  depths  of  5  to  7  inches. 
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These  data  indicate  that  the  run-off  from  districts  not  affecj^d 
greatly  by  backwater  from  dams  ranged  from  12  to  16  inches,  whereas 
the  districts  that  were  affected  by  seepage  pumped  from  16  to  35 
inches.  Tlie  difference  in  amount  of  seepage  at  equal  lifts  is  largely 
the  result  of  differences  in  porosity  of  subsoils  and  the  extent  to  which 
the  drainage  ditches  cut  into  the  porous  strata. 

The  ratio  of  pumped  run-off  to  rainfall  increases  with  the  static 
Uft,  due  partly  to  greater  seepage,  and  partly  to  the  natural  occurrence 
of  high  average  river  stages  in  the  years  of  large  precipitation  and 
consequent  high  ratio  of  surface  run-off  to  rainfall.  Figure  6  shows 
how  this  ratio  of  pumped  run-off  to  rainfall  increased  with  the  static 
Uft  for  those  districts  for  which  adequate  records  were  available. 
The  differences  in  the  position  of  the  curves  doubtless  are  largely  the 
result  of  differences  in  amounts  of  seepage. 

The  Henderson  County  district  had  a  very  high  ratio  of  run-off  to 
rainfall  although  its  average  lift  ranged  only  from  5  to  8  feet.     It  is 
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FiGUBE  6.— Observed  relation  between  the  ratio  of  pumped  run-ofif  to  rainfall  and  the  static  lift  for  certain 

drainage  districts. 

almost  entirely  underlain  by  water-bearing  sand  strata  which  are 
tapped  by  the  drainage  ditches  and  form  the  bottom  of  a  lake  of 
about  20  acres  at  the  pumping  plant.  The  ratio  of  river  frontage  to 
area  protected  also  is  high.  About  half  the  South  Beards  town  dis- 
trict consists  of  low  lake  beds  that  are  underlain  by  sand  strata  and 
badly  seeped  during  river  floods.  Much  of  the  remainder  of  this 
district  is  low  but  has  tight  subsoil.  The  Eldred  and  the  Indian 
Grave  districts  are  high  with  respect  to  the  river  and  contain  coarser 
soils  than  the  South  Beardstown.  Probably  half  of  each  shows 
seepage  and  the  remainder  of  each  district  is  too  high  to  be  so  affected. 
The  flatter  slope  of  the  Bay  Island  district  curve  is  believed  due  to 
the  fact  that  half  the  area  drained  is  hill  land  which  is  not  affected 
by  seepage,  and  the  remainder  is  similar  in  character  and  situation 
to  the  Indian  Grave  district.  Approximately  one  fifth  of  the  Coal 
Creek  district  may  be  classed  as  seeped,  but  the  remainder  has  tight 
subsoil.     The  other  five  districts  represented  in  figure  6  have  less 
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than  10  percent  of  their  areas  badly  affected  by  seepage.  The 
greater  portions  of  the  Crane  Creek,  McGee  Creek,  Hartwell,  and 
Scott  County  districts  are  high  in  relation  to  river  stages.  The 
Valley  City  district,  like  the  Banner  Special  district  which  is  not 
shown  in  that  figure,  has  extensive  low-lying  lake  beds  but  the  drain- 
age ditches  are  largely  in  silt  or  clay  soil  and  seepage  is  not  great. 

The  Coal  Creek  and  the  South  Beardstown  data  are  the  best 
available  for  districts  that  drain  low  lake  beds.  The  average  run-off 
from  the  Coal  Creek  district  for  16  years  was  about  70  percent  of 
the  rainfall,  at  an  average  lift  of  about  12  feet.  The  South  Beards- 
town  plant  operates  against  unusually  high  hfts,  and  a  large  part  of 
the  district  is  composed  of  a  low  lake  bed  underlain  by  sand  strata, 
conditions  that  are  conducive  to  large  seepage.  The  average  depth 
of  run-off  pumped  by  the  South  Beardstown  plant  in  the  6  years, 
1925  to  1930,  was  7  percent  greater  than  the  rainfall,  and  the  aver- 
age Hft  was  15  feet.  The  estimated  annual  run-off  is  35  inches,  at 
an  average  lift  of  14  feet  (table  4).  The  amount  of  gravity  drainage 
from  the  Eldred  district  is  so  small  (4)  that  it  does  not  materially  affect 
the  accuracy  of  the  curve  shown  in  figure  6. 

The  run-off  to  be  pumped  from  a  district  that  will  obtain  some 
gravity  drainage  can  best  be  estimated  from  records  of  similar  dis- 
tricts, considering  the  effects  of  differences  in  Ufts  and  in  porosity  of 
subsoils.  Estimates  can  be  made  also  from  records  of  low-lift  dis- 
tricts such  as  Indian  Grave  or  Bay  Island,  deducting  the  probable 
run-off  during  months  when  gravity  drainage  is  expected. 

DISTRIBUTION  OF  RUN-OFF 

The. principal  factors  that  cause  seasonal  variations  in  amount  of 
run-off  are  (1)  variations  in  amount  of  rainfall,  (2)  variations  in 
seepage  due  to  fluctuation  of  river  stage,  (3)  transpiration  by  plants, 
(4)  evaporation,  and  (5)  degree  of  saturation  of  the  ground.  The 
combined  effect  of  these  factors  upon  the  average  monthly  run-off 
pumped  by  a  number  of  typical  districts  is  shown  in  figures  7  to  9 
with  the  average  monthly  rainfall  and  static  lift.  The  run-off  usually 
varied  more  nearly  with  the  fluctuations  in  lift  than  with  the  varia- 
tions in  rainfall,  both  because  the  seepage  increases  as  the  lift  in- 
creases and  because  generally  the  run-off  from  the  district  and  that 
from  the  watershed  of  the  river  are  influenced  by  the  same  weather 
conditions. 

Plants  that  pump  large  quantities  of  seepage,  such  as  the  South 
Beardstown,  Henderson  County,  and  Coal  Creek  which  operate 
against  Hfts  of  6  to  8  feet  during  low  stages  of  the  river,  usually  pump 
more  or  less  continuously  during  the  dry  months.  The  dry-season 
run-off  was  comparatively  small  from  the  other  districts  shown  in 
figures  7  to  9. 

Run-off  distribution  for  a  proposed  plant  will  be  similar  to  that  of 
nearby  plants  on  the  same  river,  though  in  making  comparisons  the 
effects  of  differences  in  static  Hfts,  in  soils,  and  in  plans  of  drainage 
should  not  be  disregarded.  The  difference  in  static  lifts  will  be 
fairly  uniform  throughout  the  year.  It  can  be  estimated  by  com- 
paring lifts  for  the  existing  and  the  proposed  plants  through  a  period 
of  several  days. 
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If  the  run-off  distribution  at  an  existing  electric  pumping  plant  is 
not  known,  that  can  be  determined  with  fair  accuracy  from  the 
power-consumption  records.  The  power  consumption  in  kilowatt- 
hours  per  acre-foot  pumped  for  various  lifts  can  be  determined  from 
tests  made,  or  can  be  approximated  from  the  pump  manufacturer's 
rating  curves  with  suitable  allowance  for  reduction  in  pump  efficiency 
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MAXIMUM  DAILY  RUN-OFF 


The  first  drainage  pumping  plants  along  the  Illinois  and  upper 
Mississippi  were  almost  invariably  of  inadequate  capacity.  The 
plants  built  since  about  1910  have  been  larger,  with  capacities  usually 
of  one  fourth  to  one  half  inch  run-off  depth  per  24  hours.  A  few 
plants  apparently  have  unnecessarily  large  capacity,  but  about  half 
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FiouEE  8.— Average  operating  conditions  for  typical  districts  on  Illinois  River  pumping  little  see  page. 

of  those  studied  were  inadequate  to  hold  down  the  water  properly  in 
the  suction  bay  and  prevent  heavy  crop  losses  during  the  worst 
storms.  However,  an  economic  Umit  to  size  of  plant  is  reached  when 
provision  of  additional  capacity  costs  more  than  the  damage  to  be 
prevented.  Proper  determination  of  the  maximum  rate  of  run-off 
to  be  pumped  is  the  most  important  problem  in  designing  a  plant. 
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A  proposed  plant  must  be  large  enough  to  provide  adequate  drainage, 
yet  unnecessary  capacity  is  a  waste  of  money  because  the  first  cost 
of  a  plant  is  almost  proportional  to  its  size. 

Table  5  gives  the  design  factors  actually  used  in  designing  the 
pumping  plants   covered   in   this  investigation,   the  design  factors 
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FiQURE  9.— Average  operating  conditions  for  typical  pumping  districts  on  Mississippi  River. 

recommended  for  those  plants  as  a  result  of  the  study  presented  in 
the  succeeding  pages,  and  the  actual  plant  capacities  at  the  recom- 
mended maximum  Ufts  as  determined  from  rating  curves  prepared 
from  tests  of  the  plants. 
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Table  5. — Design  factors  for  certain  pumping  drainage  districts 


Key  no. 


District 


Name 


Actual  design  factors 


Maxi- 
mum 
24-hour 
run-off 


Total 
head  on 
pumps 


Recommended  design  factors 


Average 
annual 
run-off  2 


Maxi- 
mum 
24-hour 
run-off  3 


Maxi- 
mum 
static 
lift 


Actual 
24-hour 

capacity 
at  maxi- 
mum lift 
recom- 
mended 


52 
51 
18 
35 
19 
28 
43 
6- 
30 
27 
33 
67. 


South  Beardstown. 

Qreen  Bay 

Henderson  County 

Coal  Creek 

Eldred 

Crane  Creek 

Valley  City 

Bay  Island 

Banner  Special 

Scott  County 

McQee  Creek 

Hartwell 

Indian  Grave 

Fabius 

Mauvaisterre 


Inches 
0.38 
.36 
.26 
.26 
.52 
.26 
.26 
.23 
.37 
.35 
.40 
.55 
.27 
.34 
.15 


Feet 


Inches 
35 
32 
27 
24 
20 
16 
16 
15 
15 
14 
14 
14 
12 
7 
5 


Inches 
0.43 
.41 
.38 
.36 
.34 
.32 
.32 
<.26 
.31 
.30 
.30 
.30 
.29 
.26 
.25 


Feet 


Inches 
0.44 
.48 
.26 
.23 
.24 
.22 
.26 
.12 
.31 
.30 
.34 
.44 
.21 
.27 
.15 


1  For  identification  in  figures  1  and  10  and  table  7. 

« See  table  4. 

3  Computed  as  C=1.00  (0.22-1-0.006  r). 

*  Computed  as  C=0.85  (0.22-|-0.006  r),  because  of  large  area  drained. 


To  determine  the  proper  capacity  of  pumping  plants  for  economical 
drainage  in  this  region,  careful  study  was  made  of  the  pumping  records 
obtained  from  the  15  plants  listed  in  table  4.  Various  methods  of 
comparing  these  data  for  calculating  economical  plant  capacities  were 
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40 


Figure  10.— Actual  and  recommended  plant  capacities  at  maximum  lifts  for  drainage  pumping  plants  in 
upper  Mississippi  Valley.     (Numbers  identify  data  in  tables  4  and  5.) 

examined,  but  because  the  capacity  of  a  drainage  pump  decreases  as 
the  lift  increases  it  was  concluded  that  capacity  at  maximum  lift  is 
the  most  satisfactory  basis  for  design.  Comparison  of  these  plants 
was  greatly  simplified  by  reason  of  the  drainage  areas  being  similar  in 
topography,  crops,  weather,  river  fluctuations,  and  generally  in  size. 
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After  investigating  the  experiences  of  the  drainage  districts,  the 
probable  frequency  of  river  floods,  and  the  damage  to  crops  resulting 
from  lack  of  drainage  it  was  concluded  that  for  average  agricultural 
lands  in  the  upper  Mississippi  Valley  a  drainage  pumping  plant  should 
be  able  to  prevent  flooding  of  large  areas  for  periods  longer  than  3  or 
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FiouRK  11.— Pumping  during  flood  periods  by  plant  having  adequate  capacity.    South  Beardstown  plant, 

1926  to  June  1927. 

4  days  during  flood  conditions  as  severe  as  those  that  occurred  in 
1926,  1927,  or  1929.  The  required  capacities  for  the  different  plants 
were  foimd  to  vary  considerably  because  of  large  differences  in  the 
amounts  of  seepage.  The  rate  of  seepage  at  any  time  is  not  deter- 
minable, but  it  appears  that  the  required  capacity  of  a  plant  is  related 
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FiGURB  12.— Pumping  during  flood  periods  by  plant  having  adequate  capacity.    South  Beardstown  plant, 
September  1927  to  1929,  and  Green  Bay  plant. 

to  the  total  run-off  to  be  pumped  annually.  Both  plant  capacity  and 
annual  run-off  pumped  are  integrations,  for  different  periods,  of  the 
effects  of  the  same  factors — rainfall,  topography,  vegetation  tempera- 
ture, river  stages,  and  nature  of  soil  and  subsoil. 

In  figure  10  the  actual  plant  capacity  at  maximum  lift,  C,  has  been 
platted  against  the  average  annual  rim-off  to  be  pumped,  r,  for  each 
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plant.  Those  plant  capacities  were  determined  from  rating  curves 
prepared  from  tests  of  the  pumps,  and  the  amounts  of  run-off  are 
those  shown  in  table  4.     In  figures  11  to  18  are  shown  the  daily 
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Figure  13.— Pumping  during  flood  periods  by  plant  having  adequate  capacity. 
County,  McGee  Creek,  and  Hartwell  plants. 
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records  of  rainfall,  run-off  pumped,  and  stages  of  the  suction  and 
discharge  bays  during  flood  periods,  for  14  of  the  plants.  Those 
records  and  the  records  of  the  Fabius  plant  indicate  that,  at  maxi- 
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Figure  14.— Pumping  during  flood  periods  by  plant  having  inadequate  capacity.    Henderson  County 

plant. 


mum  lift,  4  of  the  15  plants  studied  had  capacity  just  about  equal  to 
that  necessary  for  maintaiaui^  proper  drainage  in  the  respective  dis- 
tricts, that  3  plants  had  capacity  greater  than  necessary,  and  that  the 
other  8  plants  were  not  adequate. 
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The  adequate  plants  lowered  the  suction  bays  nearly  to  the  optimum 
stages  withm  a  few  days  even  during  extreme  floods.  With  the  inade- 
quate plants,  however,  the  suction  bay  stages  remained  4  to  6  feet 
above  the  optimum  for  periods  of  2  weeks  or  longer,  although  pumping 
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Figure  15.— Pumping  during  flood  periods  by  plant  having  inadequate  capacity.    Coal  Creek  and  Eldred 

plants. 

at  full  capacity  was  continuous.  Flooding  of  Green  Bay  district  in 
September  1926  (fig.  12)  was  due  to  a  break  in  the  levee,  and  flooding 
of  McGee  Creek  district  in  March  1929  (fig.  13)  was  caused  by  lack  of 
fuel  for  3  days.     The  height  and  rapidity  of  the  rises  in  the  suction 
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Figure  16.— Pumping  during  flood  periods  by  plant  having  inadequate  capacity.    Crane  Creek  and  Valley 

City  plants. 

bay  of  Valley  City  plant  (fig.  16),  when  flood  conditions  were  not 
particularly  severe,  apparently  indicates  that  the  capacity  of  that 
plant  was  slightly  inadequate. 

For  the  eight  plants  of  inadequate  capacity,  estimates  were  made 
of  the  required  capacities  at  the  maximum  lifts  and  these  also  have 
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been  plotted  in  figure  10.  For  all  except  the  Mauvaisterre  and 
Henderson  County  plants  (nos.  29  and  51,  respectively)  those  esti- 
mates are  actual  quantities  pumped  during  floods,  but  at  low  lifts 
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resulting  from  high  suction-bay  stages,  when  the  water  in  the  suction 
bays  was  being  lowered  so  rapidly  as  to  indicate  adequate  rates  of 
pumping.     The  two  plants  named  could  not  pump  at  any  lift  a 
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Mauvaisterre  plants. 


Indian  Grave  and 


quantity  that  would  be  necessary  at  maximum  lift,  so  the  required 
maximum-lift  capacities  were  estimated  from  consideration  of  the 
performance  of  those  plants  and  the  evident  requirements  for  similar 
plants, 
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FORMULAS  FOR  PLANT  CAPACITY 


In  order  to  determine  a  formula  for  computing  the  required  capaci- 
ties of  drainage  pumping  plants  in  the  upper  Mississippi  Valley,  a 
straight  line  was  drawn  in  figure  10  as  nearly  as  possible  through  the 
4  pomts  representing  plants  of  adequate  but  not  excessive  capacity 
and  7  of  the  points  representing  estimated  requirements  of  inadequate 
plants.  The  Bay  Island  plant  (no.  43  in  fig.  10)  drains  a  much  larger 
area  than  any  of  the  other  plants,  and  its  required  capacity  in  run-off 
depth  is  much  less  than  that  of  the  other  plants. 

The  equation  of  the  line  of  recommended  capacities  in  figure  10  is 

C=0.22  +  0.006r  (1) 

The  equation  seems  to  express  the  proper  relation  of  plant  capacity 
to  total  annual  run-off  pumped  for  all  except  the  Bay  Island  plant, 
which  drains  52,000  acres  whereas  most  of  the  plants  drain  less  than 
16,000  acres.  That  plant  apparently  had  sufficient  capacity  when 
pumping  about  0.26  inch  of  run-off  per  day  at  high  stages  of  the  suc- 
tion bay  (fig.  17).  The  equation  would  apply  reasonably  well  to  the 
Bay  Island  plant  if  the  factor  0.85  were  introduced,  which  suggests 
that  a  general  formula  should  include  a  coefficient  related  to  the  size 
of  drainage  area.  The  estimated  requirement  for  the  Indian  Grave 
plant  (no.  57)  shows  the  next  greatest  departure  from  the  line  of  recom- 
mended capacities.  The  formula  would  fit  that  plant,  which  drains 
21,000  acres,  with  a  coefficient  of  about  0.95.  Because  of  these 
variations,  formula  1  is  recommended  as  applying  to  plants  pumping 
from  areas  of  3,000  to  15,000  acres. 

It  is  also  desirable  to  have  a  coefficient  by  which  the  capacity  of 
plant  can  be  varied  according  to  the  degree  of  protection  required  for 
the  property  in  the  district.  It  is  believed  expedient,  however,  to 
use  one  coefficient  for  both  size  and  adequacy,  which  would  be  the 
product  of  the  two  separate  factors  as  determined  by  the  designing 
engineer.  Thus  for  drainage  pumping  plants  in  the  upper  Mississippi 
Valley  the  formula  would  be 

(7=iiCi(0.22  +  0.006r)  (2) 

in  which  Ki  would  be  the  size  and  adequacy  coefficient. 

The  maximum  daily  run-off  logically  comprises  run-off  from  rain- 
fall upon  the  drainage  area,  just  as  for  all-gravity  drainage  systems, 
and  seepage  from  the  high  water  bordering  the  district.  The  value 
of  0.22  in  equation  1  is  slightly  less  than  the  0.25-inch  run-off  depth 
generally  accepted  as  the  necessary  capacity  of  all-gravity  drainage 
systems  in  the  region  where  these  pumping  studies  were  made.  In 
figure  10  the  line  of  equation  1  cuts  the  line  of  0.25-inch  daily  run-off 
a*;  r  =  5,  which  is  the  lower  limit  of  the  range  of  pumping  studies  and 
also  the  probable  minimum  annual  run-off  for  which  a  pumping 
plant  would  be  installed.  Therefore,  formula  2  might  be  modified  to 
read 

C=ii:i[0.25  + 0.006  (r- 5)1  (3) 

which  would,  with  proper  values  of  Ki,  fit  all  the  plants  studied  in 
the  upper  Mississippi  Valley.  In  general  terms,  this  might  be 
written 

C=Ki[K2-^K,(r-a)]  (4) 
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in  which 

C=  plant  capacity  at  maximum  lift,  in  inches  depth  of  run-off  for  24  hours 
^^"1  =  8126  and  adequacy  coefficient,  depending  upon  area  drained  and  ade- 
quacy of  drainage 
iiL2= rainfall-run-off  coefficient,  equal  to  the  run-off  capacity  for  all-gravity 

systems  draining  similar  areas  and  topography 
iir3  =  seepage  coefficient,  indicated  by  the  slope  of  the  line  of  recommended 
capacities 
r^  total  annual  run-oflf  to  be  pumped,  in  inches  depth  over  the  drainage 

area 
a «=  number  to  be  determined  empirically  for  each  particular  region. 

Although  a  straight  line  seems  to  represent  the  relation  of  plant 
capacity  to  total  run-off  pumped  within  the  limits  of  the  data  ob- 
tained, it  is  not  improbable  that  this  relationship  would  frequently 
be  a  regular  curve  which  could  be  expressed  by  formula  4  with  some 
exponent  other  than  unity,  or  a  varying  exponent,  for  one  of  the 
terms  in  the  formula. 

APPLICATION    OF   FORMULAS 

To  compute  maximum  daily  run-off  for  design  of  upper  Mississippi 
Valley  pumping  plants  it  is  recommended  that  formula  2  be  used  as 
follows: 

(7=ii:i(0.22  +  0.006r), 

with  iiL  =  1.0  for  agricultural  districts  growing  corn  and  grain  crops, 
ranging  in  area,  from  3,000  to  15,000  acres.  This  coefficient  should 
be  decreased  with  increase  in  drainage  area,  by  about  15  percent  for 
areas  of  50,000  acres.  Where  more  complete  protection  is  required, 
as  where  valuable  town  property  is  involved,  the  coefficient  should 
be  increased  from  that  determined  for  an  equal  area  of  farm  lands. 

The  average  annual  run-off,  r,  may  range  from  5  to  12  inches  for 
districts  obtaining  considerable  gravity  drainage,  from  12  to  16 
inches  for  nonseeped  districts  pumping  all  run-off,  and  from  16  to 
35  inches  for  heavily  seeped  districts.  The  amount  of  this  run-off 
can  best  be  estimated  by  comparing  the  drainage  area  under  consid- 
eration with  those  described  on  pages  13  to  16  in  regard  to  soils  and 
elevation  with  respect  to  river  stages  and  then  applying  the  conditions 
of  static  lift  for  the  proposed  installation  (determined  as  explained  on 
pages  5  to  11)  to  the  appropriate  curve  in  figure  6. 

When  there  is  large  storage  capacity  for  run-off  outside  the  drain- 
age ditches,  a  deduction  may  be  made  from  the  run-off  coefficient 
determined  by  formula  2.  The  data  presented  in  this  report  relate 
to  districts  in  which  there  were  not  more  than  a  few  acres  of  storage 
available  in  lakes  and  sloughs.  As  the  total  storage  available  must 
be  utilized  through  a  period  of  2  weeks  or  more,  it  will  not  materially 
affect  the  required  capacity  of  the  plant  unless  it  amounts  to  as 
much  as  half  the  maximum  daily  pumping  capacity. 

The  general  application  of  formula  4  in  regions  where  the  values 
of  the  coefficients  Ki,  K2,  Ks,  and  a  are  not  indicated  by  existing 
pumping  records  will  be  attended  with  some  uncertainty.  It  is 
believed,  however,  that  with  this  formula,  or  the  simpler  formula  2 
applicable  in  the  upper  Mississippi  Valley,  more  certain  results  can 
be  obtained  than  by  estimating  plant  capacity  without  some  such 
guide. 
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It  is  believed  that  in  using  the  formula 


C=Ki[K2  +  K,{r-a)] 


Ki  will  not  vary  with  respect  to  geographic  location  of  the  drainage 
area.  -K2,  ^3,  and  a  are  believed  to  be  regional  coefficients,  varying 
only  with  large  differences  in  area,  topography,  drainage,  farming, 
ana  climatic  conditions.  In  any  particular  region  the  rainfall-run-off 
coefficient,  K2,  would  be  taken  as  the  capacity  required  for  gravity 
drainage  districts,  determined  from  local  records  and  experience  or 
calculated  by  the  rational  method  of  computing  run-off.  The  seepage 
coeflBcient,  K^,  and  a  can  be  determined  accurately  only  from  exten- 
sive pumping  records  in  the  region.  It  is  believed  that  the  values 
applicable  in  the  upper  Mississippi  Valley  may  be  used  if  the  soils 
and  pumping  lifts  are  at  all  comparable.  The  amount  of  annual 
run-off  to  be  pumped,  r,  may  be  estimated  by  a  comparison  of  soils, 
ground  elevations,  and  static  lifts  with  the  same  elements  for  the 
districts  described  on  page  14  and  graphed  in  figure  6. 

As  an  example  of  the  application  of  formula  4,  the  required  capac- 
ity may  be  calculated  for  a  pumping  plant  to  drain  about  10,000 
acres  of  river-bottom  land,  including  some  village  property,  in  a 
region  where  the  average  annual  rainfall  is  45  inches  but  no  drainage 
pumping  records  are  available.  A  study  of  river  stages  and  ground- 
surface  elevations  indicates  that  the  maximum  static  lift  will  be  about 
24  feet,  the  minimum  monthly  lift  about  8  feet,  and  the  average 
annual  lift  approximately  14  feet.  No  considerable  storage  will  be 
available  outside  the  drainage  ditches.  Seepage  of  the  land  and 
subsoil  borings  show  that  about  20  percent  of  the  area  is  underlain 
with  sand  strata  that  will  be  tapped  by  the  ditches. 

By  comparison  of  these  data  with  upper  Mississippi  VaUey  condi- 
tions, the  size  and  adequacy  coefficient  is  estimated  as  1.1  because  of 
the  village  property  to  be  protected.  The  value  of  K2  is  taken  as 
0.35  inch,  the  daily  run-off  capacity  of  gravity  drainage  systems  in 
the  locality.  The  values  of  K^  and  a  in  formula  3  are  used.  The 
seepage  and  soil  conditions  are  similar  to  those  of  the  Coal  Creek 
district  (p.  15),  therefore  the  curve  for  that  district  in  figure  6  is 
used  to  determine  the  relation  of  run-off  to  rainfall.  For  a  static 
lift  of  14  feet  that  curve  shows  the  run-off  to  be  pumped  annually 
as  87  percent  of  the  rainfall,  which  would  be  39  inches  depth  over 
the  proposed  district.  Substitution  of  these  values  in  formula  4 
gives 

C=  1.10(0.35  +  0.006(39- 5)]  =  0.61. 

Thus  the  capacity  of  plant  is  determined  as  0.61  inch  depth  per  24 
hours  on  10,000  acres,  or  approximately  115,000  gallons  per  minute. 
This  capacity  should  be  provided  at  24-foot  lift. 

MINIMUM  RUN-OFF 

The  minimum  rate  of  run-off  is  influenced  bv  the  elevation,  size, 
and  slope  of  ditches  leading  to  the  pumping  plant  or  the  available 
storage  in  lakes  or  sloughs  near  the  plant.  An  analysis  of  these 
factors  should  be  made  to  determine  the  minimum  size  of  pump 
needed. 
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SELECTION  OF  PUMPS 

Centrifugal,  screw,  and  mixed-flow  pumps  are  the  types  most  suited 
for  drainage  pumping.  Centrifugal  pumps  are  best  adapted  for 
pumping  against  heads  exceeding  12  feet;  screw  and  mixed-flow  pumps 
are  more  efficient  at  heads  less  than  10  feet.  The  advantages  of  using 
more  than  one  type  of  pump  should  be  considered  in  proposed  instal- 
lations, a  centrifugal  pump  for  use  at  high  heads  and  a  screw  or  mixed 
flow  pump  for  efficient  pumping  at  low  and  medium  lifts.  In  some 
plants  it  may  be  desirable  to  install  one  or  more  pumps  that  are 
especially  efficient,  to  do  most  of  the  pumping. 

The  screw  pump  and  the  mixed-flow  pump  operate  at  higher  speeds 
for  similar  conditions  than  the  centrifugal  pump.  This  is  an  ad- 
vantage, particularly  for  electrically  driven  units,  because  high-speed 
motors  cost  much  less  than  low-speed  motors  and  a  high-speed  pump 
can  be  direct-connected  to  a  cheaper  motor. 

CENTRIFUGAL  PUMPS 

The^  double-suction  volute  centrifugal  pump  was  used  almost 
exclusively  in  drainage  plants  in  the  upper  Mississippi  Valley  for 
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Figure  19.— Characteristic  curves  of  typical  modern  centrifugal  pump  (field  tests  of  36-inch  pump,  Hunt 

plant). 

about  20  years  prior  to  1928.  Single-suction  centrifugal  pumps  were 
used  in  many  earlier  plants,  but  such  are  used  now  only  in  very  small 
sizes  (pi.  1,  A). 

Considerable  development  of  centrifugal  pumps  has  taken  place 
since  1915.  Characteristic  curves  are  shown  in  figure  19.  An 
increase  of  almost  20  percent  in  efficiency  has  been  obtained  by 
improved  design.  However,  the  efficiencies  of  old  low-speed,  steam- 
driven  pumps  in  the  Bay  Island  and  Henderson  County  plants  were 
approximately  as  great  at  low  and  medium  lifts  as  the  efficiencies  of 
recent  higher-speed  pumps.  Such  low-speed  pumps  would  not  be 
economical  now  because  difficult  to  adapt  to  electric  or  oil-engine 
operation  and  more  costly  because  of  greater  weight.  At  the  present 
time,  efficiencies  of  80  to  85  percent  are  guaranteed  and  obtained  on 
centrifugal  pumps  at  heads  above  18  feet.  The  Francis-type  impeller, 
with  specially  curved  vanes,  is  particularly  efficient  for  drainage 
pumping. 
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Centrifugal  pumps  have  a  long  life  and  are  dependable.  They 
usually  have  a  greater  capacity  than  the  same  size  screw  or  mixed-flow 
pumps,  especially  against  the  higher  heads.  They  often  have  a 
slight  price  advantage  in  comparison  based  on  capacity  rather  than 
size.  However,  a  small  difference  in  first  cost  is  less  important  than 
an  appreciable  difference  in  average  operating  efficiency. 

SCREW  PUMPS 

The  true  screw  pump  is  a  patented  type,  and  is  especially  adapted 
for  low-head  pumping  (pi.  1,  B).  The  impeller  has  many  blades, 
somewhat  similar  to  those  of  a  ship  propeller,  set  on  the  shaft  at  angles 
determined  according  to  the  head  ana  speed.  The  direction  of  flow 
through  the  pump  does  not  change  as  in  a  centrifugal  pump.  A  spiral 
motion  of  the  water  results  from  the  screw  action,  but  is  corrected  by 
diffusion  vanes.  The  type  has  been  in  successful  operation  in 
Louisiana  for  many  years  but  only  since  1928  have  such  pumps  been 
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Figure  20.— Characteristic  curves  of  typical  screw  pump. 

offered  in  sizes  required  by  the  upper  Mississippi  Valley  drainage 
plants  at  prices  to  compete  with  centrifugal  pumps. 

The  screw  pump  operates  at  high  efficiencies  against  heads  less  than 
10  feet,  and  against  fluctuating  heads  more  efficiently  than  does  the 
centrifugal  pump  because  it  retains  nearly  maximum  efficiency 
through  a  greater  range  of  head  (fig.  20).  One  of  its  disadvantages  is 
that  the  discharge  falls  rapidly  at  heads  above  15  feet.  For  this 
reason  its  use  is  somewhat  limited  in  the  upper  Mississippi  Valley. 
The  screw  pump  can  be  built  so  the  flow  can  be  reversed  if  it  is  wanted 
for  both  irrigation  and  drainage.  This  is  quite  an  advantage  for  some 
locations.  A  trash  cutter  permits  the  removal  of  trash  from  the  blades 
without  opening  the  pump. 

MIXED-FLOW  PUMPS 

The  mixed-flow  pump  also  is  particularly  adapted  for  drainage 
pumping  (pi.  1,  C).  It  has  an  open  vane,  screw- type  impeller  which 
combines  the  screw  and  centrifugal  principles  in  building  up  the 
pressure  head.  It  operates  efficiently  against  somewhat  higher  heads 
than  the  true  screw  pump.     With  one  change  in  speed  the  Hartwell 
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mixed-flow  pump  operates  at  70  to  80  percent  efficiency  at  all  heads 
from  6}^  to  26  feet,  and  the  discharge  does  not  decrease  excessively  at 
the  higher  heads  (fig.  21).  The  open- type  impeller  of  the  mixed-flow 
pump  facilitates  the  passage  of  trash. 

VERTICAL  TYPES 

Submerged  single-suction  pumps  have  been  used  in  a  few  drainage 
plants.  A  simplified  unit  of  this  type  has  been  developed  recently, 
consisting  of  a  submerged  pump  connected  by  a  vertical  shaft  to  a 
built-in  vertical  motor  (fig.  22).  Such  pumps  can  be  equipped  with 
either  the  centrifugal  or  screw-type  impellers.  Their  chief  advantage 
is  that  a  small  building  will  satisfactorily  house  the  motor  and  switch- 
board (pi.  2,  A).  Another  advantage  is  the  elimination  of  priming 
equipment,  which  makes  them  especially  suitable  for  automatic 
operation.  The  greatest  disadvantage  of  vertical  types  is  the  inac- 
cessibility of  the  pump  for  cleaning.     When  this  type  is  installed, 
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provision  should  be  made  to  clean  the  pumps  by  (1)  closing  the 
suction  bay,  preferably  by  gate  valves,  and  draining  the  pump  pit 
with  a  small  auxiliary  pump;  (2)  hoisting  the  unit  above  the  water 
level,  which  is  practicable  with  small  pumps;  or  (3)  in  the  case  of  large 
units,  forcing  water  from  the  pump  as  from  a  pneumatic  caisson  and 
putting  a  man  down  inside. 

SPEED  ADJUSTMENT 

Against  high  heads,  pumps  of  the  types  described  are  most  efficient 
when  operated  at  high  speeds.  Against  lower  heads  it  is  necessary 
to  operate  at  lower  speeds  to  maintain  high  efficiencies.  The  amount 
of  speed  adjustment  provided  should  be  according  to  the  amount  of 
variation  between  maximum  and  minimum  lifts  and  the  charac- 
teristics of  the  pump  to  be  used.  The  speed  range  must  sometimes  be 
25  percent  of  the  maximum  speed.  Prospective  purchasers  usually 
can  obtain  from  the  pump  manufacturer  characteristic  curves  for  use 
in  determining  the  different  speeds  of  operation. 

Figures  19  and  21  show  typical  examples  of  the  speed  adjustment  of 
centrifugal  and  mixed-flow  pumps.  Each  of  those  units  is  direct- 
connected    and    obtains    2    speeds    by    means    of    2    synchronous 
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PLATE    1 


A,  Small  overshot  single-suction  centrifugal  pump  direct-connected  to  75-horsepower  steam  engine.  Des 
Moines  County  drainage  and  levee  district  no.  S.  B,  Four  54-inch  screw  pumi)s  direct-connected  to 
four  2<0-horsepower  Diesel  engines.     (Fourth  unit  hardly  shows  in  the  foreground.)     East  Side  levee 

I  and  sanitary  district.  C,  A  3fi-inch  mixed-flow  pump  direct-connected  to  250-horsepower  induction 
motor.    Lima  Lake  drainage  and  levee  district. 
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Plate  2 


A,  Vertical  35-horsepower  motor  which  is  direct-connected  to  10-inch  submerged  pump.  Niota  drainage 
and  levee  district.  B,  Two  250-horsepower  synchronous  motors  on  one  shaft  to  drive  36-inch  bottom- 
suction  centrifugal  pumps  at  two  speeds;  also  hand-operated  gate  valve.  Lima  Lake  drainage  and 
levee  district 
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motors  mounted  on  the  same  shaft  (pi.  2,  B),  but  belt-connected  units 
could  obtain  the  speed  changes  by  changing  pulleys.  The  Hunt 
pump  (fig.  19)  operates  at  225  and  257  revolutions  per  minute.  At 
the  lower  speed  its  efficiency  is  below  70  percent  of  all  heads  less  than 
approximately  14  feet,  and  for  heads  from  17K  to  21  feet  either  speed 
gives  efficiencies  in  excess  of  70  percent.  A  200-revolution-per- 
minute  motor  probably  would  have  ^iven  70  percent  efficiency  at 
heads  from  10  to  17/2  feet,  and  substituted  for  the  225-revolutions- 
per-minute  motor  would  have  enabled  the  plant  to  operate  at  70 
percent  efficiency  or  better  at  all  heads  from  10  feet  to  25  feet.  The 
speed  adjustment  of  the  Hartwell  pump  (fig.  22)  is  better.  At  240 
revolutions  per  minute  the  unit  has  an  efficiency  of  70  to  80  percent 
between  6/2-  and  9-foot  heads,  and  above  80  percent  efficiency  between 
9-  and  14-foot  heads.  At  327  revolutions 
per  minute  its  efficiency  is  70  to  80  percent 
at  heads  between  11  and  15  feet,  and  above 
80  percent  at  heads  between  15  and  26  feet. 

TRANSMISSION  EQUIPMENT 

Direct-connected  pumping  units  are  much 
preferred  to  belt-  or  gear-connected  units 
because  power  losses  in  transmission  are 
eliminated,  the  purchase  and  maintenance 
of  transmission  equipment  are  saved,  and 
the  floor  space  occupied  by  each  unit  is  much 
less.  Low-speed  induction  and  synchronous 
motors  that  can  be  direct-connected  to 
pumps  are  now  available,  at  somewhat 
higher  cost  than  higher-speed  motors  which 
require  belts  or  gears  to  drive  the  pumps 
(pis.  2,  B  and  3,  C). 

Leather  or  chain  belts  were  the  earliest 
transmission  eqi^pment  with  electrically 
driven  drainage  pumps  (pis.  3  and  4).  Rope 
belts  and  V-shaped  belts  are  better  where 
the  distance  between  engine  and  pump  is 
short.  Adequate  speed  adjustment  of  such 
units  can  be  obtained  usually  by  three  sizes 
of  pulleys  for  the  motor  shaft.  It  has  been 
the  general  experience  that,  because  of  labor 
involved,  pulleys  are  not  changed  frequently  enough  to  obtain  a  satis- 
factory average  pump  efficiency.  This  points  out  another  practical 
advantage  of  direct-connected  units.  At  the  Hartwell,  however,  a 
special  chain  hoist  enables  one  man  to  change  the  pulleys  on  the  three 
original  units  in  less  than  an  hour.  The  simplicity  of  this  device, 
together  with  competent  engineering  supervision,  has  obtained  satis- 
factory sf)eed  adjustment. 

Reduction  gears  have  been  used  in  a  few  electric  installations  (pi. 
4,  B).  Although  they  save  floor  space,  such  gears  are  expensive,  and 
there  is  no  satisfactory  method  of  changing  the  speed  ratio  of  large 
reduction  gears. 

Vertical  oil-engine  units  should  usually  be  direct-connected  to  the 
pump,  where  both  engine  and  pump  operate  between  200  and  300 
revolutions  per  minute.    Most  oil  engines  can  be  equipped  with  a 


FiQURE  22.— Submerged  vertical 
pump  direct-connected  to  vertical 
motor. 
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governor  that  will  permit  a  sufficient  range  in  the  speed  of  the  pump. 
Horizontal  oil  engines  vibrate  so  much  that  a  belt  connection  to  the 
pump  seems  generally  desirable  to  decrease  the  possibility  of  burning 
out  engine  and  pump  bearings. 

Direct  connection  of  pumps  to  engines  was  used  in  many  of  the 
early  steam  plants.  This  was  possible  because  those  engines  and 
pumps  operated  at  approximately  the  same  speeds,  and  good  speed 
adjustment  could  be  obtained  by  changing  the  governor  (pi  1,  A). 

A  clutch  connection  is  of  advantage  in  an  oil-engine  unit  (pi.  4,  C) 
to  permit  the  engine  to  get  warmed  up  before  the  load  is  thrown 
onto  it. 

SIZE  AND  NUMBER  OF  PUMPS 

Drainage  pumps  in  the  upper  Mississippi  Valley  range  from  18  to 
60  inches  in  diameter  of  discharge  opening,  but  for  reasons  of  cost  it 
is  usually  desirable  to  make  selection  from  the  stock  sizes  of  24,  30, 
36,  42,  and  48  inches.  Centrifugal  pumps  may  diifer  somewhat  in 
capacity  from  screw  and  mixed-flow  pumps  of  the  same  size.  There- 
fore it  may  be  necessary  in  estimating  costs  to  compare  a  36-inch 
centrifugal  with  a  42-inch  screw  or  mixed-flow  pump,  as  those  sizes 
often  have  comparable  capacities  at  the  maximum  lift.  Of  24  pumps 
installed  in  the  3  years  1928  to  1930,  11  were  36-inch  pumps.  Tlus 
size  is  of  convenient  weight  to  handle  in  construction,  and  large 
enough  to  pass  most  trash  through  the  impeller.  Manufacturers 
build  many  of  that  size  and  for  that  reason  it  may  be  somewhat  more 
economical  in  first  cost. 

Large  pumps  are  desirable  for  drainage  pumping  because  larger 
pieces  of  wood  and  more  debris  can  pass  through  the  pump  without 
clogging  the  impellers.  On  the  other  hand,  it  is  desirable  to  have  at 
least  one  unit  of  capacity  small  enough  that  the  water  in  the  ditches 
can  be  controlled  without  too  frequent  starting  and  stopping  of  the 
pumps. 

It  is  an  advantage  to  have  two  or  more  units  in  a  plant  sb  that  a 
break-down  of  one  will  not  stop  all  pumping.  Thi*  is  especially  true 
for  a  district  that  is  entirely  dependent  on  the  plant  for  drainage.  A 
district  that  obtains  gravity  drainage  a  large  part  of  the  year  can  place 
more  dependence  upon  a  single  unit,  as  the  period  of  operation  is  not 
long  and  the  machinery  can  be  kept  in  good  repair  by  work  during 
low-water  stages. 

As  a  general  rule,  the  most  economical  size  of  pump  will  discharge 
the  water  at  a  velocity  of  8  to  10  feet  per  second  against  the  maximum 
head.  Lower  velocities  are  desirable  if  the  plant  operates  at  such  a 
high  annual  plant  factor  ^  that  high  pump  efficiency  is  of  great  im- 
portance. If  the  unit  operates  at  such  a  low  plant  factor  that  pump 
efficiency  is  less  important  than  first  cost,  it  may  be  economical  to 
install  pumps  from  which  velocities  will  be  as  much  as  12  to  13  feet 
per  second,  even  though  the  efficiency  of  a  pump  suffers  when  such 
high  velocities  are  used.  Many  of  the  pump  losses  vary  as  the  square 
of  the  velocity. 

The  capacity  desirable  for  the  smallest  pump  in  a  plant  depends 
upon  the  minimum  rate  at  which  water  flows  to  the  plant  and  the 

2  The  annual  plant  factor  is  ratio  of  the  amount  of  pumping  actually  done  to  the  amount  that  the  plant 
might  have  done  in  the  year,  measured  for  each  unit  by  the  number  of  hours  operated  and  the  rated  power 
of  the  engine  or  motor. 


Tech.  Bui.  390.  VJS.  Dept.  of  Agriculture 


Plate  3 


A,  Typical  belt-connected  (jumping  uuils.  Lacey,  Laujiellier,  and  Uesl  Manlauzas  drainage  and  levee 
district.  B,  Bell  transmission  usinp;  patented  idler  pulley  where  distance  between  motor  and  pump 
shafts  Is  short.  Hillview  drainage  and  levee  district.  C,  Low-speed  induction  motor  direct-connected 
to  36-inch  bottom-suction  centrifugal  pump,  for  use  at  high  lifts  only.  Lima  Lake  drainage  and  levee 
district. 


Tech.  Bui.  390.  U.S.  Dept.  of  Agriculture 


Plate  4 


A,  Chain-belt  transmission  between  200-horsepower  motor  and  36-inch  centrifugal  pump.  South  Quincy 
drainage  and  levee  district.  B,  Large  speed-reduction  gear  connecting  two  synchronous  motors  with 
centrifugal  pump.  Henderson  County  drainage  and  levee  district.  C,  Clutch  connection  between 
150-horsepower  semi-Diesel  engine  and  30-inch  centrifugal  pump.  Union  Township  drainage  and  levee 
district. 
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amount  of  this  flow  that  can  be  stored  nearby.  If  not  much  storage 
is  available  a  small  pump  may  be  necessary  to  hold  the  water  low 
enough  by  continuous  pumping  to  drain  properly  low  areas  possibly 
2  or  3  miles  distant. 

Experience  has  shown  that  in  the  upper  Mississippi  Valley  the 
larger  drainage  pumping  plants  should  have  one  unit  that  can  pump 
with  reasonable  efficiency  as  little  as  one  third  the  total  capacity 
of  the  plant,  if  there  is  but  little  water-storage  capacity  outside  the 
drainage  ditches.  Three  units  of  equal  size  could  be  installed,  or 
two  units  with  one  having  about  half  the  capacity  of  the  other.  If 
sufficient  storage  capacity  in  lakes  and  sloughs  is  available,  two  units 
of  equal  size  might  be  used  in  the  plant.  Plants  draining  5,000  to 
10,000  acres  should  have  one  pump  not  exceeding  30-inch  size,  which 
would  throw  about  20,000  gallons  per  minute,  unless  there  are  large 
lakes  or  sloughs  nearby.  This  capacity  may  be  increased  5,000  gallons 
per  minute  for  each  acre  of  storage  available  at  the  minimum  operating 
stage  of  the  suction  bay.  In  districts  smaller  than  5,000  acres  the 
smallest  pump  may  have  half  the  total  plant  capacity,  but  not  more 
than  20,000  gallons  per  minute.  Districts  larger  than  10,000  acres 
may  increase  the  minimum  pump  size  by  1  gallon  per  minute  for 
each  additional  acre  drained.  It  is  believed  that  determination  of 
minimum  pump  sizes  on  this  basis  will  provide  drainage  for  lands  in 
outlying  portions  of  the  districts  with  minimum  investment  in  the 
pumping  plants. 

SEAL  GLANDS 

To  prevent  air  from  getting  into  the  pump  along  the  shaft,  effective 
seal  glands  are  desirable  for  all  drainage  pumps  except  those  sub- 
merged. Seal  glands  operated  with  water  from  the  discharge  pipe 
are  satisfactory  only  when  the  discharge-bay  elevation  is  sufficient 
to  keep  the  discharge  pipe  under  pressure.  At  low-river  stages  the 
discharge  pipe  of  practically  every  plant  is  under  vacuum  and  no 
water  is  forced  through  the  glands.  For  water-seal  glands  the  water 
should  be  supplied  under  pressure,  from  the  cooHng  system  in  an  oil- 
engine plant  or  from  an  auxiliary  pump  and  tank  in  an  electric  plant. 
Seal  glands  that  use  oil  instead  of  water,  from  a  reservoir  holding  a 
pint  to  a  quart  of  oil,  are  now  commercially  available.  A  disadvan- 
tage of  using  oil  glands  is  the  frequency  with  which  they  have  to  be 
fiQed.  Furthermore,  the  packing  around  the  pump  shaft  must  be 
kept  very  tight,  for  which  special  material  should  be  used. 

PRIMING  EQUIPMENT 

Wet-vacuuirf  and  dry-vacuum  pumps  are  most  frequently  used  for 
priming,  although  several  plants  use  ejector  pumps  operated  by  steam, 
water,  or  air.  Wet-vacuum  pumps  are  rotary  pumps,  which  are  not 
injured  if  water  gets  into  them  and  are  easily  installed  (pi.  5,  A). 
Slightly  more  than  half  the  priming  pumps  installed  in  drainage  plants 
in  the  upper  Mississippi  Valley  are  of  this  class.  A  wet-vacuum 
system  is  usually  cheaper  than  a  dry-vacuum  system  using  an  air  tank. 

Dry-vacuum  pumps  are  usually  air  compressors  arranged  to  draw 
air  from  the  drainage  pump  and  discharge  it  at  atmospheric  pressure. 
Ordinarily  the  clearance  between  piston  and  cylinder  head  of  a  dry- 
vacuum  pump  is  so  small  that  the  head  may  be  cracked  if  water  is 
drawn  into  the  pump.     To  avoid  this  trouble,  the  pipe  to  the  priming 
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pump  sometimes  is  looped  34  feet  or  more  above  the  suction-bay  level, 
but  this  may  not  prevent  damage  if  an  unskilled  operator  starts  the 
drainage  pump  without  closing  the  valve  in  the  priming  suction  Hne. 
A  more  satisfactory  arrangement  is  to  insert  in  the  priming  line  a 
tank  that  will  trap  out  any  water  that  may  get  into  that  pipe  (pi.  5,  B). 

Steam  ejectors  are  used  for  priming  the  drainage  pumps  in  prac- 
tically all  steam-operated  plants  because  they  are  convenient  and 
reliable.  When  the  steam  pressure  is  almost  high  enough  to  start  the 
engine  the  ejector  can  be  started  and  the  pumps  primed.  Water- 
ejector  pumps  have  few  moving  parts  and  none  that  wear  rapidly. 
However  they  have  not  been  used  as  frequently  as  dry-  and  wet- 
vacuum  pumps.  A  simple  water-ejector  system  consists  of  a  small 
centrifugal  pump  forcing  water  through  a  jet  at  high  pressure. 

Priming  pumps  in  electric  plants  are  driven  by  small  electric  motors. 
The  recent  tendency  has  been  to  use  direct-connected  priming  units, 
instead  of  the  cheaper  high-speed  motors  and  belt  or  chain  connection. 
In  oil-engine  plants  usually  a  small  gasoHne  or  kerosene  engine  is 
used,  belt-connected  to  a  wet- vacuum  pump.  Such  engines  are  hard 
to  start  in  cold  weather,  and  must  be  replaced  each  few  years.  The 
priming  equipment  must  be  very  reliable,  because  all  drainage  pumps 
except  those  submerged  must  be  primed  before  starting.  The  priming 
pump  should  be  large  enough  to  prime  the  largest  unit  in  the  plant  in 
8  to  12  minutes. 

DESIGN  OF  SUCTION  AND  DISCHARGE  PIPES 

The  design  of  suction  and  discharge  pipes  is  largely  governed  by 
empirical  rules.  Head  losses  vary  greatly  and  cannot  be  estimated 
nearly  so  accurately  as  those  in  long  straight  pipes.  Bends  should  be 
avoided  as  much  as  possible  to  minimize  the  losses.  Pipes  should  be 
somewhat  larger  than  the  pump  connections  so  that  friction  losses 
are  reduced  to  an  economical  point,  and  the  changes  in  size  should  be 
gradual. 


Veloci  +  y   a+  discharge    flange  of  pump    (fee+    per   second) 
Figure  23.— Loss  of  head  in  typical  well-designed  suction  and  discharge  pipes. 

A  considerable  part  of  the  energy  used  by  a  drainage  pumping 
plant  is  required  for  overcoming  entrance,  friction,  and  exit  losses  in 
the  suction  and  discharge  pipes.  Therefore  those  pipes  should  be 
designed  so  that  those  losses  will  be  held  to  the  practical  minimum. 
However,  because  the  fixed  charges  of  plant  depreciation  and  interest 
on  investment  generally  constitute  so  large  a  part  of  the  total  cost  of 
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pumping  (4)  it  would  not  be  economical  to  pay  as  much  for  high 
eflBciency  in  a  plant  that  would  operate  each  year  the  equivalent  oi  1 
or  2  weeks  as  in  a  plant  to  operate  3  or  4  months. 

Entrance  losses  may  be  kept  low  by  tapering  the  suction  pipe  or 
progressively  expanding  the  entrance  end.  Friction  losses  in  the 
discharge  pipe  may  be  reduced  by  using  large-size  pipe,  connected  to 
the  pump  flange  by  a  short  expanding  section.  Velocity-head  losses 
at  exit  may  be  reduced  by  enlarging  the  end  of  the  discharge  pipe  by 
a  taper  or  bell  section. 

HYDRAUUC  LOSSES  AND  PIPE  SIZES 

Losses  01  nead  in  typical  riveted-steel  suction  and  discharge  pipes  of 
several  pumping  units  are  given  in  figures  23  and  24,  and  the  descrip- 
tions of  those  pipes  are  given  in  table  6.  The  head  losses  were  com- 
puted by  deducting  the  static  Ufts  from  measured  total  heads  on  the 
pumps.  They  include  the  losses  due  to  trash  and  other  obstructions 
m  the  pipes,  to  air  entering  the  discharge  pipe  where  it  was  under 
vacuum,  and  to  eddies  where  pipe  sizes  changed,  as  well  as  the  en- 
trance, friction,  and  exit  losses.     Theoretically  most  of  these  hydraulic 
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Velocity   af  discharge   flange  of  pump    (feet   per  second) 
FiQUBE  24.— Loss  of  head  in  suction  and  discharge  pipes  where  discharge  pipe  was  not  expanded. 

losses  should  increase  as  the  square  of  the  velocity,  but  the  losses 
measured  for  the  Hunt  and  Eldred  units  apparently  varied  almost  as 
the  first  power. 


Table  6. — Descriptions  of  riveted-steel  suction  and  discharge  pipes  for  which  losses 
of  head  are  shown  in  figures  23  and  24 

Item 

Plants  with  well-de 
signed  pipes 

Plants  with  discharge 
pipe  not  expanded 

Henderson 
County 

Hunt 

Eldred 

Crane 
Creek 

Pumpinffunit... 

Suction  pipes: 

Cross  section  at  entrance  

Cross  section  at  pump  flange 

Discharge  pipes: 

First  section  length 

Diameter 

Second  section,  length 

number. - 

.square  feet- - 
do 

feet.- 

inches.. 

feet.. 

inches. - 

.square  feet.. 
do.... 

land  2 

49.0 
11.2 

24 

48-64 

128.8 

54 

12.6 

26.3 

None. 

1.9 

1 

15.9 
7.1 

10 

36-42 

215.0 

42 

7.1 

9.6 

(?) 

2.6 

1 

0) 
8.5 

140 
36 

1 

(») 

7.4 

94 
36 

Diameter 

Cross  section  at  pump  flange 

Cross  section  at  end 

Valve 

7.1 

7.1 

None. 

3.3 

7.1 
7.1 
(•) 

Head  loss  in  pipes  with  velocity  at  pump 
per  second 

flange  10  feet 
rZ—feet.. 

4.3 

'  Indeterminate;  see  p.  36. 
» Not  determined;  see  p.  36. 


*  Gate  valve  at  pump;  flap  gate  at  end  of  pipe. 

*  Flap  gate  at  end  of  pipe. 
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The  Henderson  County  pipes  were  expanded  more  than  any  of  the 
other  units  shown,  and  the  loss  in  head  was  least  (table  6).  The 
suction  pipes  were  expanded  in  the  ratio  of  4.4  :  1,  between  pmnp 
flange  and  entrance  end,  and  the  discharge  pipes  in  the  ratio  of 
2.1  :  1.  The  loss  in  head  was  approximately  1.9  feet  at  a  velocity  of 
10  feet  per  second.  The  loss  of  head  in  the  Hunt  pipes  was  2.6  feet 
at  the  same  velocity.  The  smaller  size  of  the  discharge  caused  some 
of  the  difference,  and  the  flap  gate  on  the  end  of  the  pipe  probably 
increased  the  losses  somewhat. 

The  Eldred  suction  pipe  was  not  expanded  but  was  curved  down- 
ward and  cut  off  obliquely  so  the  effective  entrance  area  was  inde- 
terminate. The  pump  could  pump  the  water  down  in  the  suction 
bay  so  low  that  the  bottom  edge  of  the  pipe  could  be  seen,  which  is 
believed  to  indicate  that  the  effective  entrance  area  was  increased  by 
cutting  the  pipe  obliquely.  The  fact  that  the  discharge  pipe  was  not 
larger  than  the  pump  connection  partly  accounts  for  the  high  loss  of 
approximately  3.3  feet  at  a  velocity  of  10  feet  per  second.  The 
entrance  area  of  the  Crane  Creek  suction  pipe  was  not  determined 
because  the  end  of  the  pipe  was  inaccessible  and  the  construction  plans 
could  not  be  obtained.  From  the  appearance  of  the  pipe  at  low  suc- 
tion-bay stages  it  was  believed  that  the  expansion  ratio  did  not  exceed 
1.5  :  1.  The  discharge  pipe  of  this  unit  was  throughout  of  the  same 
size  as  the  pump  connection.  The  loss  in  head  was  approximately 
4.3  feet  at  a  velocity  of  10  feet  per  second,  the  largest  for  any  of  the 
plants  studied. 

Loss  of  head  in  suction  and  discharge  pipes  may  be  estimated  from 
figure  25.  The  loss  in  discharge  pipes  was  determined  from  the 
Scobey  formula  (3),  with  iis  =  0.51  applicable  to  pipe  i^  to  j^  inch 
thick  having  all  seams  held  by  rivets  with  projecting  heads,  pipes 
approximately  15  years  old  conducting  nonaggressive  waters. 

Expanding  the  suction  pipe  permits  the  suction  bay  being  pumped 
lower  without  the  pump  losing  its  prime.  This  usually  is  of  greater 
importance  than  the  reduction  in  entrance  loss,  because  a  high  en- 
trance velocity  requires  considerable  depth  of  water  over  the  end  of 
the  pipe  to  prevent  the  pump  losing  its  prime.  Therefore,  expanding 
the  pipe  permits  use  of  a  more  shallow  suction  bay.  Deep  foundations 
are  costly,  so  it  is  usually  economical  to  expand  the  suction  pipes 
considerably.  By  expanding  the  suction  pipe  so  that  the  entrance 
velocity  will  not  exceed  3  feet  per  second  at  normal  flow,  the  water 
ordinarily  can  be  drawn  down  almost  to  the  edge  of  the  pipe  without 
causing  trouble  from  air  getting  into  the  pipe. 

Limited  observation  indicates  that  a  sloping  pipe  cut  off  in  a  plane 
almost  horizontal  will  draw  the  water  lower  than  a  vertical  pipe 
of  the  same  size  that  is  cut  horizontally.  It  appears  that  cutting 
the  pipe  obliquely  increases  the  effective  entrance  area  somewhat. 

The  entrance  loss  to  a  properly  constructed  suction  pipe  is  compara- 

V^ . 
lively  small.     It  may  be  assumed  as  0.5  -^  if  the  edges  are  not  belled 

or  rounded.  Experiments  (7)  have  shown  that  the  loss  at  entrance 
to  a  culvert  is  negligible  for  a  gradually  rounded  entrance;  hence  it 
appears  that  belling  the  end  of  the  suction  pipe  should  reduce  the 
loss  to  about  0.1  to  0.3  foot,  especially  when  the  pipe  is  greatly 
expanded  as  is  the  usual  practice, 
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The  velocity  head,  which  should  not  be  confused  with  the  entrance 

1/2 

loss,  is  o—     Values  of  the  velocity  head  are  shown  in  figure  25.     Part 

of  the  velocity  head  may  be  recovered  by  expanding  the  discharge 
pipe.     The  friction  loss  in  a  well-designed  suction  pipe  expanded 


lOOlOOO 


Velocity  (feet  per  second  ) 
FiQUEK  25.— Velocity  head,  discharge,  and  friction-head  loss  in  riveted  steel  pipes. 

gradually  throughout  its  length  to  an  entrance  area  2  to  4  times  that 
at  the  pump  flange,  as  indicated  in  tests  of  numerous  drainage  plants, 
is  not  likely  to  exceed  0.2  or  0.3  foot. 

The  discharge  pipes  of  most  drainage  pumps  are  2  to  6  inches 
larger  than  the  pump-flange  connection.  The  proper  amount  of 
expansion  varies,  because  the  saving  in  annual  cost  obtained  from 
increased  plant  efficiency  is  proportional  to  the  amount  of  pumping. 
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The  economical  amount  of  expansion  can  be  determined  by  comparing 
first  costs  of  different  size  pipes  with  the  capitahzed  savings  due  to 
increased  efficiencies.  The  economical  amount  of  expansion  is 
greater  with  electric  power  than  with  oil  engines  because  with  the 
former  improved  efficiencies  result  in  larger  savings  in  cost  of  opera- 
tion. The  increase  in  size  of  pipe  should  be  accomplished  by  a 
uniformly  expanding  section  at  the  pump  flange.  It  is  suggested  that 
this  section  be  not  less  than  10  feet  long  per  6  inches  increase  in 
diameter. 

Trouble  in  keeping  the  discharge  pipes  full  of  water  has  been  expe- 
rienced at  several  plants  where  the  pipes  were  almost  level  for  con- 
siderable lengths  at  the  top  of  the  levee.  This  probably  was  caused 
by  air  accumulating  so  rapidly  that  the  water  could  not  force  it  out. 
At  one  plant  a  vacuum  pump  driven  by  a  15-horsepower  motor  was 
operated  20  to  50  percent  of  the  time  to  keep  the  discharge  pipes 
running  full.  No  such  difficulty  was  experienced  where  the  discharge 
pipes  came  to  a  rounded  point  at  the  top  of  the  levee.  It  is  believed 
usually  unnecessary  to  have  the  level  section  at  the  top  of  the  levee 
more  than  4  to  8  feet  long. 

Ordinarily  the  bottom  of  the  discharge  pipe  at  its  highest  point 
near  the  top  of  the  levee  should  be  slightly  above  the  expected  maxi- 
mum river  stage,  so  that  the  levee  will  not  be  endangered  by  seepage 
along  the  outside  of  the  pipe.  However,  the  top  of  the  pipe  should 
not  be  more  than  28  feet,  the  practical  limit  of  suction  lift,  above  the 
minimum  elevation  of  the  discharge  bay.  The  end  of  the  discharge 
pipe  should  be  submerged  at  all  times,  to  avoid  difficulty  in  priming 
the  pump.  When  the  end  of  the  pipe  is  out  of  water,  loss  of  the 
siphon  effect  greatly  reduces  the  operating  efficiency  of  the  unit. 
Around  a  discharge  pipe  passing  through  a  levee  below  maximum 
flood  stage,  concrete  collars  should  be  constructed  to  reduce  possi- 
bility of  seepage  along  the  pipe. 

The  pipe  may  be  laid  upon  the  surface  of  the  levee,  and  should 
be  supported  at  intervals  by  concrete  piers.  There  is  no  advantage 
in  covering  the  pipes  with  earth.  Each  curve  in  the  pipe  should  have 
a  radius  not  less  than  3  or  4  times  the  diameter  of  the  pipe,  it  appears 
from  the  meager  data  available  relating  to  this  subject. 

The  end  of  a  discharge  pipe  often  is  belled  to  reduce  the  exit  loss 
by  recovering  velocity  head.  A  gradual  expansion  to  double  the 
cross-sectional  area  of  the  discharge  pipe  in  a  distance  of  10  to  20 
feet  effects  considerable  reduction  in  head  lost.  However,  a  flap  gate 
attached  to  the  end  of  the  pipe  causes  loss  in  head  because  it  disturbs 
the  flow  and  increases  the  exit  velocity,  unless  it  is  lifted  out  of  the 
way.  Where  cables  have  been  provided  to  lift  up  the  gate,  careless 
operators  have  frequently  neglected  to  use  them. 

MATERIALS  FOR  SUCTION  AND  DISCHARGE  PIPES 

Riveted  or  welded  plate  metal  from  ^i  to  y&  inch  thick  usually  has 
been  used  for  both  the  suction  and  the  discharge  pipes  because  curves 
and  expanding  sections  could  readily  be  manufactured  and  it  is 
economical.  The  pipes  should  be  airtight,  because  air  leaks  reduce 
the  pump  discharge  by  increasing  the  total  head  on  the  pump  and  by 
occupying  space  that  would  otherwise  be  used  by  the  water.  A  few 
plate-metal  pipes  under  vacuum  have  collapsed  because  they  were 
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not  properly  braced,  and  other  pipes  did  not  appear  safe  because  of 
much  pulsating  distortion  during  operation  of  the  pumps.  Such 
"breathing"  was  especially  pronounced  near  the  top  of  the  levee  in 
discharge  pipes  under  high  vacuum.  Such  observations  lead  to  the 
belief  that  pipes  under  as  much  vacuum  as  20  inches  of  mercury  should 
be  braced  by  angle  irons  riveted  or  welded  around  the  outside  of  pipes 
more  than  36  inches  in  diameter  and  of  plate  metal  34  inch  thick  or 
more  than  54  inches  in  diameter  and  of  plate  metal  ^  inch  thick. 

Welded  pipes  cost  at  the  shop  in  1930  10  to  15  percent  less  than 
riveted  steel  pipe,  but  there  may  be  little  difference  m  the  cost  to  the 
district.  Either  kind  is  satisfactory  if  properlv  made.  Careful 
inspection  should  be  made  after  the  pipes  are  m  place,  to  be  sure  all 
joints  are  airtight,  and  the  pipe  should  be  coated  both  inside  and 
outside  with  asphalt  paint. 

Cast  iron  has  been  used  to  a  limited  extent  for  discharge  pipes 
running  through  the  levees,  but  it  is  less  easily  handled  and  fitted 
than  steel  pipe. 

To  vacuum    pump  — ^ 


Figure  26.— Typical  conditions  during  priming  of  drainage  pump. 

Reinforced  concrete  has  been  used  at  some  plants  for  the  suction 
pipes  and  for  sluiceways  through  the  levees.  The  entrance  ends  of 
those  pipes  usually  were  cut  in  vertical  planes  which  necessitates 
deep  suction  bays  to  prevent  the  pump  from  taking  air  before  the 
water  is  lowered  sufficiently  in  the  suction  bay.  A  few  of  these  plants 
have  placed  hoods  over  the  entrances  to  obtain  lower  water  levels. 
Trash  wedging  in  such  a  suction  bay  cannot  be  removed  easily. 
Therefore  concrete  suction  pipes  are  not  recommended. 

VALVES  OR  GATES  IN  THE  DISCHARGE  UNE 

Some  type  of  valve  or  gate  must  nearly  always  be  installed  in 
the  discharge  line  of  a  pumping  plant  to  facilitate  priming  and  to 
prevent  flooding  the  district  by  back  flow  when  the  pump  is  stopped. 
A  gate  valve  placed  at  the  pump  flange  or  a  flap  gate  at  the  end  of  the 
pipe  is  used  most  frequently. 

Typical  conditions  of  priming  during  liigh  river  stages  are  illustrated 
in  figure  26.  If  there  is  no  effective  gate  or  valve  in  the  discharge  line 
operation  of  the  vacuum  pump  will  raise  the  water  in  the  discharge 
pipe  from  B  to  C  and  at  the  same  time  raise  the  water  in  the  suction 
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pipe  an  equal  distance  from  E  to  D.  Then  water  from  the  discharge 
bay  will  commence  to  flow  down  through  the  pump,  and  often  will 
cause  a  centrifugal  pump  to  revolve  backward.  When  this  occurs  it 
may  be  diflacult  or  impossible  to  fully  prime  the  pump  before  starting, 
and  if  a  centrifugal  pump  is  not  completely  primed  before  starting 
air  is  likely  to  be  trapped  around  the  impeller  shaft,  which  reduces 
the  pump  discharge.  On  the  other  hand,  a  reasonably  tight  flap  gate 
at  A  will  keep  the  outside  water  from  being  drawn  over  the  hump  at 
C  during  priming.  If  there  is  an  airtight  valve  at  F,  by  closing  it  and 
the  valve  at  G  the  pump  can  be  primed  more  rapidly. 

The  screw  pump  and  the  mixed-flow  pump  can  be  started  before 
completely  primed  without  danger  of  trapping  air  in  the  pump. 
Therefore  with  these  types  backward  flow  of  water  can  be  avoided 
without  any  gate  or  valve  in  the  discharge  pipe  if  it  runs  over  the  top 
of  the  levee.  However,  a  flap  gate  is  always  helpful  in  preventing 
sudden  loads.  A  gate  valve  at  the  discharge  flange  of  the  pump  is 
used  with  some  types  of  oil  engines  and  with  synchronous  and  squirrel- 
cage  motors  because  it  permits  the  load  to  be  built  up  gradually. 
Special  butterfly-type  check  valves  were  used  in  a  few  of  the  earlier 
upper  Mississippi  River  plants.  This  type  folds  up  into  a  compart- 
ment when  the  pump  starts  and  offers  practically  no  resistance  to 
flow,  and  closes  automatically  when  the  flow  of  water  reverses.  It 
can  be  placed  in  the  discharge  line  where  most  easily  accessible  for 
cleaning  and  repairs. 

A  flap  gate  is  cheaper  than  a  gate  valve,  and  is  satisfactory  if  the 
starting  torque  of  the  motor  or  engine  is  sufficient  to  pump  against  the 
maximum  load.  The  flap  gate  is  automatic,  while  a  hand-operated 
gate  valve  is  frequently  difficult  to  open  and  close.  A  flap  gate  is 
easily  fouled  with  logs  or  trash,  and  difficult  to  clean  at  high  river 
stages  when  most  needed;  it  is  easily  broken  by  boats,  and  difficult 
to  repair  because  under  water.  In  1929  at  the  Bay  Island  plant  the 
discharge-bay  level  rose  until  water  flowed  backward  through  the 
discharge  pipe  because  the  flap  gate  was  out  of  order  when  it  was  nec- 
essary to  stop  the  pump.  The  flow  was  stopped  by  a  dam  of  boards, 
canvas,  and  sand  bags  built  in  the  pipe  at  a  manhole.  Therefore, 
where  the  river  stage  may  get  high  enough  to  cause  back  flow  into  the 
district  and  no  gate  valve  is  to  be  used,  it  is  desirable  that  a  manhole 
be  placed  inside  the  levee  near  the  top  point. 

Gate  valves  smaller  than  36-inch  may  be  opened  and  closed  by 
hand  (pi.  2,  B),  but  hand  operation  of  large  valves  is  so  difficult  and 
slow  that  it  is  considered  desirable  to  equip  36-inch  and  larger  valves 
with  mechanical-operating  devices.  A  number  of  such  devices  are 
commercially  available.  Electrical  devices  are  most  used  in  electric 
plants,  and  pneumatic  devices  (pi.  6,  C)  are  frec^uently  convenient 
in  oil-engine  plants  because  such  plants  ordinanly  include  an  air 
compressor  and  air  tanks  for  starting  the  engine.  A  mechanically 
operated  valve  should  be  equipped  for  hand  operation  in  emergencies. 

SELECTION  OF  POWER  EQUIPMENT 

In  the  upper  Mississippi  Valley,  drainage  pumps  are  driven  by 
electric  motors,  internal-combustion  oil  engines,  or  steam  engines. 
However,  no  steam  plants  have  been  installed  in  recent  years  for  drain- 
ing farm  lands,  principally  because  of  high  investment  costs  and  the 
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Plate  6 


A,  Erosion  in  discharge  bay  at  outlet  of  discharge  pipe  and  gravity  sluiceway.  Mauvaisterre  drainage 
and  levee  district.  B,  Vertical  2-cylinder  100-horsepower  semi-Diesel  engine  direct-connected  to  24-inch 
centrifugal  pump;  also  belt-operated  gate  valve.  Valley  City  drainage  and  levee  district.  C,  Horizontal 
single-cylinder  125-horsepower  semi-Diesel  engine  direct-connected  to  36-inch  centrifugal  pump;  also 
pneumatic  gate  valve.    Des  Moines-Mississippi  drainage  and  levee  district. 
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large  fuel  losses  involved  in  frequent  starting  and  shutting  down  of  the 

Elant.  Conditions  during  and  since  the  period  of  this  investigation 
ave  favored  the  selection  of  electric  or  oil-engine  equipment  for  new 
installations  to  such  a  degree  that  a  discussion  of  steam  equipment  is 
not  included  in  this  report.  Where  and  when  a  cheap  supply  of 
natural  or  artificial  gas  is  available,  internal-combustion  gas  engines 
may  be  economical,  but  none  such  has  yet  been  used  for  drainage 
pumping  in  this  section. 

The  factors  affecting  choice  of  power  type  for  drainage  pumping  in 
the  upper  Mississippi  Valley  have  been  discussed  in  another  publica- 
tion (4,  pp.  96-97).  In  1930,  pumping  with  oil  engines  cost  somewhat 
less  than  pumping  with  electric  power,  except  at  low  plant  factors,  but 
electric  power  was  generally  more  convenient  and  dependable  and 
plant  operation  was  simpler.  A  district  having  2  or  3  separate  plants 
might  have  the  smaller  ones  automatic  in  operation  and  need  to  employ 
but  one  operator  if  electric  power  is  used,  or  have  the  smaller  plants 
operated  by  nearby  farmers  and  maintained  by  the  operator  of  the 
main  plant.  An  oil-engine  plant,  however,  should  not  be  trusted  to 
an  inexperienced  operator. 

The  required  capacity  of  the  engine  or  motor  may  be  determined  by 
the  formula 

0.00Q2526HQ 

in  which, 

P=brake  horsepower  required, 

//=total  head  on  pump,  in  feet, 

Q=discharge  in  gallons  per  minute, 

Cp=efficiency  of  pump, 

Ct=efficiency  of  power  transmission  between  engine  and  pump. 

When  the  power  requirement  has  been  determined,  some  adjustment 
in  the  speed  and  capacity  of  the  pump  usually  is  necessary  to  fit  the 
load  to  a  power  unit  of  commercial  size. 

ELECTRIC  EQUIPMENT 

A  company  seUing  electric  power  nearly  always  provides  the  line 
and  transformers  for  delivering  the  power  to  the  drainage  plant  at  the 
voltage  needed.  The  drainage  district  usually  must  furnish  the 
accessory  equipment  including  switchboard,  starting  equipment, 
motors  to  drive  accessory  equipment,  and  transformers  for  reducing 
the  voltage  for  driving  the  accessory  motors  and  for  lighting. 

EFFECT  OF  POWER  RATES  ON  PLANT  DESIGN 

The  terms  under  which  the  power  will  be  purchased  are  often 
important  in  determining  the  economical  design  of  an  electric  plant. 
The  cost  of  power  often  includes  both  a  primary  charge,  based  on  the 
capacity  of  pumping  motors,  to  compensate  the  selling  company  for  its 
capital  investment,  and  a  current  charge,  based  upon  the  amount  of 
energy  used,  to  pay  for  generating  and  distributing  the  power.  In 
some  cases  no  primary  charge  is  made,  but  the  current  charge  is  com- 
paratively high  for  tne  first  few  thousand  kilowatt-hours  used  each 
month  and  gradually  decreases  with  increase  in  quantity  used. 
Many  contracts  permit  motors  that  are  not  bein^  used  to  be  sealed 
off,  and  the  primary  charge  to  be  reduced  proportionally.     It  is  often 


42    TECHNICAL  BULLETIN  390,  U.S.  DEFT.  OF  AGRICULTURE 

required  that  the  units  be  kept  sealed  off  for  a  year  or  longer  before 
the  reduced  rate  becomes  effective.  This  frequently  can  be  done 
without  detriment  to  the  drainage. 

Where  reduced  rates  may  be  obtained  by  sealing  off  motors,  the 
plant  should  contain  3  or  4  units  of  equal  size  rather  than  1  or  2 
larger  ones.  When  3  or  more  units  are  used,  1  can  be  sealed  off  for  a 
year  much  more  frequently  than  when  only  2  units  of  equal  size  are 
used.  It  is  further  desirable  to  have  all  units  equally  efficient,  so  that 
any  one  can  be  sealed  off  without  decreasing  the  average  plant 
efficiency.  To  avoid  deterioration  of  motors  through  long  idleness,  it 
is  usually  desirable  to  seal  off  the  motors  alternately  rather  than  have 
the  same  one  unused  for  several  years.  Where  sealing  off  of  units  is 
not  contemplated,  it  usually  is  economical  to  install  a  less  expensive 
and  consequently  less  efficient  unit  for  pumping  at  high  heads  only, 
since  the  maximum  plant  capacity  is  needed  only  at  high  river  stages 
and  for  but  a  small  part  of  the  time. 

Where  the  primary  charge  is  the  greater  part  of  the  power  cost, 
plant  efficiency  is  of  less  importance  than  where  the  only  charge  is  for 
current  at  a  higher  rate  per  Idlowatt-hour.  The  greater  the  charge  per 
kilowatt-hour,  the  greater  the  investment  is  justified  for  increasing  the 
plant  efficiency.  A  rate  based  only  on  current  used  makes  gravity 
drainage  especially  desirable  if  it  can  be  obtained. 

A  large  primary  charge  increases  the  importance  of  installing  motors 
no  larger  than  required.  Motors  sometimes  have  been  overloaded 
from  10  to  15  percent  at  the  maximum  lift,  and  fans  used  to  cool  the 
motors  in  order  not  to  increase  the  primary  charge.  Such  practice 
should  not  be  contemplated,  however,  without  the  manufacturer's 
advice  as  to  the  effect  of  such  overloads  on  the  motor.  Primary 
charges  based  on  actual  maximum  demand  rather  than  on  the  rated 
horsepower  of  the  motors  would  reduce  the  temptation  for  a  district 
to  buy  inadequate  equipment. 

INDUCTION    MOTORS 

The  wound-rotor  induction  motor  was  used  almost  exclusively  in 
the  electric  drainage  plants  on  the  upper  Mississippi  River  prior  to 
1928.  The  widespread  use  of  this  type  was  due  to  its  dependabihty, 
its  high-starting  torque,  and  the  fact  that  the  starting  current  does  not 
greatly  exceed  the  operating  current.  Many  power  companies  insist 
that  this  type  be  used  instead  of  squirrel-cage  motors  because  of  the 
better  starting  characteristics. 

Although  there  are  several  methods  of  changing  the  speed  of  an 
induction  motor,  the  type  is  inherently  a  constant-speed  machine. 
In  nearly  all  the  earlier  electric  plants  changes  of  the  pump  speed  were 
made  by  changing  pulleys  on  the  motor  shaft.  Often  this  is  the  most 
economical  method  theoretically,  in  spite  of  the  fact  that  belt  con- 
nection reduces  the  efficiency  of  the  unit  by  3  to  5  percent  as  compared 
with  direct  connection.  The  great  difficulty  with  belt-connected 
units  has  been  that  operators  would  not  change  the  pulleys,  and  by 
rimning  the  pumps  at  high  speeds  at  low  and  medium  lifts  would 
waste  10  to  25  percent  of  the  current.  The  motor  speed  can  be  regu- 
lated by  introducing  resistance  into  the  rotor  circuit,  but  certain  tests 
showed  a  cost  for  driving  a  48-inch  pump  with  an  induction  motor  at 
reduced  speed  about  $8  greater  per  12-hour  run  than  for  pumping  the 
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same  quantity  of  water  with  a  duplicate  pump  driven  at  the  same 
speed  by  a  synchronous  motor.  The  induction  motor  was  less  effi- 
cient principally  because  of  heat  losses  in  the  grids  when  the  speed 
was  reduced. 

The  squirrel-cage  motor  is  the  cheapest  type  of  electric  motor. 
Its  operating  characteristics  are  similar  to  those  of  the  wound-rotor 
motor,  but  it  has  a  low-starting  torque.  For  this  reason  power  com- 
panies do  not  permit  it  to  be  used  in  many  locations,  because  in 
starting  it  requires  such  a  large  current  at  low-power  factor  that  the 
operation  of  other  motors  on  the  same  line  may  be  affected. 

SYNCHRONOUS    MOTORS 

The  synchronous  motor  has  several  advantages  and  some  disad- 
vantages for  drainage  pumping  in  comparison  with  the  wound-rotor 
induction  motor.  The  synchronous  motor  is  slightly  more  efficient; 
it  has  a  larger  air  gap,  so  does  not  require  such  exact  alinement  of  the 
shaft;  the  power  factor  can  be  kept  at  100  percent  or  varied  at  will. 
A  disadvantage  of  the  synchronous  motor  has  been  its  low  starting 
and  pull-in  torque,  but  now  100  percent  or  greater  starting  and  pull-in 
torque  can  be  obtained  by  improvements  which,  however,  add  to  the 
cost  of  the  motor.  Since  1928  several  drainage  pumping  plants  in 
the  upper  Mississippi  Valley  have  installed  synchronous  motors.  In 
some  installations  of  two  synchronous  motors  of  different  speeds 
mounted  on  the  same  shaft,  so  the  speed  of  the  pump  can  be  changed 
without  changing  pulleys,  both  motors  have  been  of  the  same  rating 
although  nearly  always  a  smaller  motor  could  be  used  for  the  lower 
speed. 

Two  synchronous  units  on  the  same  shaft  are  frequently  more 
economical  than  a  wound-rotor  motor  with  belt  drive  and  the  pulleys 
needed  for  speed  adjustment.  In  1930  the  cost  of  two  synchronous 
motors  of  225  and  277  revolutions  per  minute  and  200  and  250  horse- 
power with  accessory  equipment  was  about  $1,500  more  than  the  cost 
of  a  comparable  induction  motor  and  belt  drive.  The  efficiency  of  the 
synchronous  unit  probably  averages  from  5  to  10  percent  higher, 
partly  because  the  pulleys  often  are  not  changed  when  necessary  for 
economical  pumping.  The  saving  by  even  5  percent  increase  in  oper- 
ating efficiency  and  the  saving  in  housing  space  and  in  maintenance 
charges  of  belts  usually  would  justify  the  extra  cost  of  the  direct- 
connected  twin  synchronous  unit  at  as  much  as  10  percent  plant 
factor. 

One  important  advantage  of  the  synchronous  motor  is  that  its  power 
factor  is  ordinarily  unity,  but  can  be  varied  when  some  advantage  will 
result  to  the  power-distribution  system.  However,  no  price  conces- 
sions for  the  use  of  synchronous  motors  have  been  made  in  power 
rates  in  the  upper  Mississippi  Valley,  but  usually  a  power  factor  below 
80  percent  is  penalized. 

ACCESSORY    EQUIPMENT 

One  of  the  most  expensive  items  of  accessory  equipment  in  an  elec- 
tric plant  is  the  switchboard  with,  in  addition  to  the  numerous 
switches,  the  various  watt-hour  meters,  overload  releases,  ammeters, 
and  starting  and  synchronizing  mechanism  according  to  the  size  of  the 
plant  and  character  of  equipment  installed.     Other  accessories  needed 
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in  an  electric  plant  include  lighting  equipment  and  small  motors  to 
drive  priming  pumps  and  water  pumps.  Water  for  domestic  use  of 
the  plant  operator  and  for  water-seal  glands  of  the  pumps  usually  is 
obtained  from  driven  wells. 

OIL-ENGINE  EQUIPMENT 

The  ultimate  economy  of  oil  engines  depends  primarily  upon  getting 
reliable  engines  at  reasonable  cost,  which  will  operate  with  low  fuel 
costs  and  will  last  long  without  excessive  repairs.  Similar  care  should 
be  exercised  concerning  the  accessory  equipment.  Oil  engines  should 
be  compared  with  electric  motors  on  the  basis  of  total  cost  of  pumping, 
including  the  fixed  charges  of  depreciation  and  interest  on  investment. 

To  insure  that  repair  parts  and  expert  service  will  be  obtainable 
when  needed,  a  district  should  buy  the  product  of  a  manufacturer  with 
a  good  financial  standing  and  who  has  been  making  oil  engines  for  a 
period  of  years.  In  one  exceptional  instance  a  district  spent  more  in 
overhauling  its  engine  of  a  type  that  had  not  been  manufactured  for 
some  years  than  a  new  engine  would  have  cost. 

One  advantage  of  an  oil  engine  is  that  the  speed  can  nearly  always 
be  changed  sufficiently  by  a  governor  to  operate  a  drainage  pump 
efficiently  at  both  low  and  high  heads.  Another  advantage  is  that 
most  oil  engines  are  rated  to  operate  at  about  the  same  speeds  as 
drainage  pumps,  which  permits  direct  connection  and  the  avoidance 
of  belt  or  chain  losses. 

DIESEL    AND    SEMIDIESEL    ENGINES 

There  is  little  choice  between  diesel  and  semidiesel  engines  for 
drainage  pumping.  The  diesel  engine  has  slightly  lower  fuel-oil 
consumption  per  brake  horsepower-hour  than  the  semidiesel,  and 
is  easier  to  start  because  it  does  not  require  a  heated  bulb.  The  recent 
trend  has  been  toward  the  diesel  type  although  it  is  usually  slightly 
higher  in  first  cost. 

Oil  engines  with  vertical  cy finders  (pi.  6,  B)  vibrate  less,  and  their 
cylinder  walls  wear  less  rapidly,  than  those  with  horizontal  cylinders 
(pi.  6,  C).  Excessive  vibration  may  result  in  damage  or  higher  depre- 
ciation for  engine,  pump,  or  buildings,  and  is  especially  objectionable 
for  drainage  plants  because  so  frequently  foundation  conditions  are 
poor. 

Most  of  the  few  multiple-cylinder  horizontal  oil  engines  that  have 
been  installed  in  drainage  plants  have  rendered  unsatisfactory  service. 
The  difficulty  of  keeping  the  bearings  in  alignment  on  poor  foundations 
with  the  excessive  vibration  no  doubt  has  been  the  principal  cause  of 
those  failures.  The  experience  of  those  plants  indicates  that  single- 
cylinder  belt  connected  horizontal  oil  engines  from  50  to  150  horse- 
power may  be  used  when  more  economical  than  other  types,  but  for 
engines  of  more  than  150  horsepower  it  is  much  safer  to  use  the 
multiple-cylinder  vertical  type. 

ACCESSORY  EQUIPMENT 

An  adequate  supply  of  cooling  water  is  needed  for  oil  engines. 
Cooling  systems  are  classified  as  ''open"  when  the  water  once  run 
through  the  engines  is  wasted,  and  as  ''closed"  when  the  water  is 
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circulated  tlirough  the  engines  time  after  time  and  cooled  between  times 
in  tanks  of  cold  water  or  radiators.  The  open  system  requires  a  large 
supply  of  clear  water  free  from  impurities,  wliich  is  seldom  available 
at  a  drainage  pumping  plant.  Consequently,  a  closed  system  should 
nearly  always  be  installed.  This  system  requires  the  constant  addi- 
tion of  small  quantities  of  water  to  replace  that  wliich  evaporates. 

Apparatus  to  precipitate  impurities  in  the  cooling  water  are  not 
commonly  installed,  but  it  is  recommended  that  future  installations 
include  equipment  for  doing  this  and  for  filtering  the  water.  In 
several  plants  the  use  of  untreated  water  for  cooUng  has  caused 
deposits  of  scale  in  the  cylinder  head  and  cooUng  jacket.  Scale 
causes  excessive  wall  temperatures,  wliich  may  break  down  effective 
lubrication  of  the  pistons  and  cylinder  Uners  and  cause  excessive 
wear,  distortion,  or  cracking  of  these  parts.  Scale  is  usually  respon- 
sible for  the  cracking  of  cylinder  heads ;  overheating  of  the  pistons  may 
cause  increaised  friction  and  incomplete  combustion  of  fuel  and  loss 
of  power  of  as  much  as  25  percent.  Scale  accumulating  in  pipe  lines 
increases  the  power  necessary  to  circulate  the  water  and  decreases 
the  effectiveness  of  the  cooling  device.  Effective  water  softening  and 
filtering  apparatus  can  be  purchased  ready  to  connect  to  the  cooling 
fines. 

If  the  pumping  plant  is  close  enough  to  a  railroad  siding,  considerable 
saving  can  be  effected  by  piping  the  fuel  oil  from  tank  cars  into  the 
storage  tanks  instead  of  hauling  it  in  trucks  or  barges.  Because  fuel 
oil  is  cheaper  if  bought  in  carload  lots,  it  is  desirable  to  provide  suffi- 
cient storage  space  to  permit  purchasing  an  additional  carload  before 
the  current  supply  is  exhausted.  At  several  plants  two  tanks,  each 
of  about  8,000  gallons  capacity,  have  been  used  and  found  economical 
in  first  cost  and  of  adequate  size  for  convenient  plant  operation. 

FUEL  OIL 

Ail  the  drainage  plants  studied  burned  the  lighter  fuel  oils,  which 
cost  very  fittle  more  than  those  heavier  than  approximately  32° 
Baume.  With  the  heavy  oils,  use  of  a  lighter  oil  in  starting  and  stop- 
ping the  engines  generaUy  is  advantageous.  This  obtains  more 
complete  combustion,  which  prevents  carbon  deposits  on  piston  and 
cyfinder  heads  and  avoids  formation  of  sulphurous-acid  gas  that  may 
corrode  the  cylinders  and  valves.  However,  if  two  grades  of  oil  are 
used,  the  first  cost  of  the  plant  is  increased  by  the  amount  necessary 
to  provide  separate  storage  and  piping  for  the  two  oils.  It  is  doubtful 
whether  this  additional  investment  is  justifiable  for  drainage  pumping 
because  the  plant  factors  are  so  low. 

DESIGN  OF  BUILDING  AND  ACCESSORY  STRUCTURES 

FOUNDATIONS 

Good  foundation  conditions  are  of  primary  importance  in  selecting 
the  location  for  a  pumping  plant.  The  natural  location  is  near  the 
lowest  point  in  the  district,  which  frequently  is  a  soft  swamp  entirely 
unsuited  for  the  purpose.  Under  such  conditions  it  may  be  necessary 
to  locate  the  plant  on  a  nearby  ridge,  and  extend  the  main  drainage 
ditch  to  it.  The  plant  should  be  located  on  the  inside  of  the  levee, 
and  as  close  to  it  as  practicable  so  that  the  discharge  pipes  will  not 
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be  unnecessarily  long,  but  not  so  close  that  the  suction  bay  will 
weaken  the  levee.  Inadequate  foundations  have  frequently  caused 
pumping  units  to  get  out  of  line  and  building  walls  to  crack. 

Most  pumping  drainage  districts  in  the  upper  Mississippi  Valley 
are  underlain  by  quicksand  at  depths  of  3  to  15  feet.  The  pumping 
plant  should  be  located  where  excavation  of  quicksand  in  constructing 
the  suction  bay  will  be  avoided  as  far  as  possible. 

Piling  should  be  used  under  the  machinery  foundations,  the  building 
walls,  and  the  suction  bay,  and  be  designed  to  support  the  full  load 
that  will  rest  on  the  piles.  If  the  plant  is  to  contain  oil  engines,  the 
piling  should  be  sufficient  to  withstand  much  vibration. 

Considerable  difficulty  has  been  experienced  with  the  pump  or 
engine  of  direct-connected  units  settling  out  of  hne.  This  has 
resulted  in  burned-out  bearings,  loss  of  efficiency,  expensive  repairs, 
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Figure  27.— Suggested  reinforced  concrete  foundation  for  direct-connected  pumping  unit. 

and  in  some  instances  loss  of  use  of  the  pumping  unit  for  long  periods. 
A  continuous  concrete  foundation  beneath  both  pump  and  engine  or 
motor,  reinforced  with  Hght  steel  I-beams  and  diagonal  steel  rods  as 
shown  in  figure  27,  would  avoid  such  difficulties.  It  is  believed  that 
had  this  construction  been  followed,  much  of  the  trouble  caused  by 
units  settling  out  of  line  would  have  been  avoided.  Although  this 
construction  is  somewhat  more  costly  than  plain  concrete,  the  extra 
expense  is  believed  justified. 


BUILDING  SUPERSTRUCTURE 


The  pumping-plant  building  should  be  strong  enough  to  withstand 
storms,  adequate  in  size  to  house  the  equipment,  resistant  to  fire, 
warm  enough  to  prevent  freezing,  permanent,  and  pleasing  in  appear- 
ance. The  arrangement  of  engines,  pumps,  and  principal  accessories 
in  a  well-planned  oil-engine  plant  somewhat  more  completely  equipped 
than  the  average  is  shown  in  figure  28.     An  arrangement  economical  of 
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f  IQUBS  28.— Plan  of  Valley  City  pumping  plant,  comprising  2  semidiesel  engines  direct-connected  to 
centrifugal  pumps  and  accessory  equipment. 
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floor  space  is  illustrated  in  figure  29.  The  belt  connection  facilitates 
this  arrangement.  The  relatively  sharp  bends  in  the  discharge  pipe 
are  less  objectionable  in  an  oil-engine  unit  than  in  an  electric  unit 
because  fuel  oil  costs  less  than  electricity  per  brake  horsepower-hour. 
Where  the  building  does  not  extend  over  the  suction  bay,  brick  is 
often  an  economical  material  (pi.  7,  A).  Where  a  wall  is  to  be  sup- 
ported on  girders  over  the  suction  bay,  a  lighter  type  of  construction 
is  desirable.  For  such  plants  a  steel-frame  building  with  stucco  or 
sheet-metal  walls  is  well  suited  (pi.  7,  B).  For  utmost  economy  in 
first  cost,  walls  of  concrete  block  or  hollow  tile  can  be  used  (pi.  7,  C). 
Frame  construction  or  galvanized  steel  on  wood  frames  is  not  recom- 
mended because  of  the  fire  hazard.  If  a  pumping  plant  burns, 
usuaUy  no  pumping  is  possible  for  several  weeks  or  months,  until  the 
equipment  is  overhauled  and  repaired.  During  that  time  lack  of 
drainage  may  cause  crop  losses  many  times  greater  than  the  saving 
from  use  of  a  wooden  building. 

In  a  few  instances  pumping  plants  have  been  able  to  continue 
operation  when  breaks  in  creek-diversion  levees  have  let  water  stand 
against  the  pump-house  walls  above  the  floor  level,  because  the  building 
was  watertight.  Such  opera- 
tion reduced  the  amount  of 
flooding  and  crop  damage  in 
the  district,  and  prevented 
damage  to  the  pumping  ma- 
chinery and  accessory  equip- 
ment that  would  have  resulted 
from  flooding  of  the  plant. 
Watertight  construction  can  be 
obtained  by  extending  concrete 
foundation  waUs  above  the 
floor  level  and  making  provi- 
sion to  seal  the  openings  in  the 
walls  with  boards  and  canvas  or  sandbags  (pi.  7,  B).  The  tendency 
of  the  building  to  float  when  water  stands  high  outside  must  be 
considered  in  designing  the  plant  for  such  a  condition. 

SUCTION  BAY 

The  usual  type  of  suction  bay  consists  of  a  concrete  retaining  wall 
on  the  suction  side  of  the  building  cast  integrally  with  wing  walls  and 
a  heavy  concrete  floor  (fig.  30).  The  wing  walls  are  usually  1  to  2 
feet  thick  and  the  floor  usually  about  2  feet  thick.  The  side  walls 
are  usually  supported  on  piling.  This  type  of  construction,  although 
sometimes  expensive,  has  been  found  to  be  effective  in  preventing 
undermining  of  the  building,  and  it  is  recommended  for  average  con- 
ditions in  the  upper  Mississippi  Valley  where  the  suction  bay  extends 
down  into  quicksand. 

The  suction  pipes  slope  down  through  the  back  retaining  wall  of  the 
suction  bay,  or  pass  horizontally  through  the  building  wall  and  turn 
down  vertically  into  the  bay.  At  the  McGee  Creek  plant  the  clear- 
ance allowed  between  the  end  pipes  and  the  wing  walls  was  too  small, 
which  resulted  in  vortices  forming  in  the  suction  bay  even  when  the 
water  was  at  a  high  stage. 

Between  the  suction  pipe  and  the  bay  walls  and  also  under  the  end 
of  the  suction  pipe  there  should  be  sufficient  clearance  for  the  water 


Figure  29.— Discharge  pipe  from  centrifugal  pump 
belt-driven  by  horizontal  oil  engine  in  McGee 
Creek  plant  is  carried  over  the  engine  to  reduce 
floor  area  required. 
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PLATE  7 


A,  Simple  brick  pumphouse.  Des  Moines-Mississippi  drainage  and  levee  district.  H,  Metal  pump- 
house  on  reinforced  concrete  foundation  carried  alxive  punijjing  fl(H)r;  also  well-desiRned  trash  screen. 
Lacey,  Lanpellier,  and  West  Mantanzas  drainage  and  levee  district.  C,  Low-cost  pumphouse  of 
Concrete  blocks.    McClee  ("reek  drainage  and  levee  district. 
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Plate  8 


A,  Concrete  suction  bay  reinforced  by  concrete-filled  caissons  which  support  rear  of  pumphouse  over 
the  bay.  Liverpool  drainage  and  levee  district.  B,  Inexpensive  suction  bay  of  wooden  planks  and 
piling  to  prevent  caving  of  end  of  drainage  ditch.  Big  Swan  drainage  and  levee  district.  C,  Trash 
screen  upstream  from  suction  bay  supported  by  substantial  wooden  trestles.  Hunt  drainage  and  levee 
district. 
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to  flow  into  the  pipe  uniformly  from  all  sides.  The  clearance  between 
the  suction  pipe  and  the  floor  should  be  at  least  one  half,  and  prefer- 
ably two  thirds,  the  diameter  of  the  entrance  opening  of  the  suction 
pipe.  A  niinimum  clearance  of  2  feet  should  be  allowed  under  the 
pipe  in  order  that  trash,  boards,  and  logs  that  become  wedged  under 
the  pipe  can  be  removed  readily.  Between  the  bottom  eoge  of  the 
suction  pipe  and  the  side  walls  of  the  bay  the  clearance  should  at  least 
equal  the  entrance  diameter  of  the  pipe.  Between  the  back  wall  and 
the  suction  pipes  a  clearance  of  one  half  to  three  fourths  the  entrance 
diameter  seems  adequate.  The  spacing  of  suction  pipes  at  the 
entrance  ends  should  be,  on  centers,  not  less  than  4  or  5  times  the 
diameter  of  the  pipes  at  the  pump  flanges.  In  designing  suction 
bays  it  is  well  to  keep  the  velocity  of  water  down  at  all  points  to  less 
than  3  feet  per  second  during  operation  at  full  capacity  and  optimum 
stage  of  the  suction  bay. 

A  safe  type  of  construction  used  at  a  number  of  plants  is  shown  in 
plate  8,  A.  Open  steel  caissons  were  first  sunk  to  below  bay-floor 
level  where  the  corners  of  the  bay  would  be,  and  between  as  deemed 
desirable.     Round  piles  were  driven  in  the  bottoms  of  the  caissons. 
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Figure  30.— Elevation  of  well-designed  pumping  unit  in  Hartwell  plant.  Reinforced  suction  and  dis- 
charge bays;  horizontal  entrance  opening  to  inclined  suction  pipe;  discharge  pipe  passing  over  top  of  levee, 
with  long-radius  bends;  crab  for  lifting  flap  gate  out  of  flow  from  pipe. 

and  the  steel  shells  filled  with  concrete.  Sheet  piling  around  the  site 
prevented  caving  during  excavation  between  the  piers  and  during 
construction  of  the  walls  which  are  supported  on  round  piles.  Steel 
braces  were  placed  between  the  piers  as  excavation  proceeded.  This 
construction  permits  setting  the  pumps  on  steel  girders  directly  over 
the  bay,  but  costs  more  than  some  other  types. 

At  small  plants  where  there  is  no  danger  of  undermining  the  build- 
ing, the  concrete  floor  of  the  suction  bay  may  be  omitted.  At  some 
plants  the  suction  bay  is  the  end  of  the  drainage  ditch  protected  by 
planks  and  wooden  piHng  (pi.  8,  B).  Steel  sheet  piling  is  more  per- 
manent. Such  a  bay  should  be  placed  a  little  distance  from  the 
building,  to  lessen  the  possibility  of  the  building  being  undermined. 
Where  such  construction  is  safe,  it  effects  a  considerable  saving  in  the 
cost  of  the  plant. 

DISCHARGE  BAY 

Concrete  discharge  bays  have  been  built  at  some  plants  to  protect 
the  outside  of  the  levee  from  erosion,  but  usually  no  serious  erosion 
has  occurred  where  no  bay  was  constructed.  A  concrete  structure 
protects  the  pipes  and  flap  gate  from  damage  by  boats,  and  anchors 
the  flap  gate.  The  flap  gate  usually  is  light  enough,  however,  to 
swing  free  on  the  end  of  the  pipe  if  that  is  braced  with  angle  iron  and 
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supported  on  a  few  piles.  At  the  Mauvaisterre  plant,  erosion  at  the 
discharge  was  not  great  after  the  plant  had  been  operating  for  4 
years  (pi.  6,  A),  though  the  velocity  of  discharge  had  been  10  to  12 
feet  per  second  and  the  levee  was  very  sandy.  That  erosion  could  have 
been  largely  prevented  by  a  few  tons  of  riprap  at  the  end  of  the  pipe, 
which  would  have  cost  less  than  extending  the  pipe  5  to  10  feet 
farther  from  the  levee.  The  undermining  of  the  gravity  sluice  outlet 
structure  should  have  been  prevented  by  a  cut-off  wall,  sheet  piling, 
or  riprap. 

GRAVITY  SLUICEWAYS 

If  sufficient  gravity  drainage  can  be  obtained  so  that  construction 
of  a  sluiceway  through  the  levee  will  be  economical,  the  structure 
should  be  located  a  few  hundred  feet  from  the  pumping  plant.  There 
is  always  some  danger  that  pressure  of  the  river  water  will  open  a 
channel  along  the  sluiceway,  and  the  vibration  of  pumping  is  likely 
to  loosen  the  earth  about  any  pipe  or  structure  through  the  levee  near 
the  plant.  In  some  districts  the  sluiceway  has  extended  under  the 
pump  house.  The  Gregory  plant  near  Keokuk,  Iowa,  was  con- 
structed in  this  manner,  and  was  destroyed  by  a  levee  break  in  1922. 
Part  of  the  Indian  Grave  plant  was  similarly  destroyed  about  1920. 
Seepage  along  the  sluiceway  probably  caused  both  of  the  levee  failures. 
If  the  sluiceways  had  been  some  distance  away,  the  plants  probably 
would  not  have  been  destroyed  by  the  rush  of  water.  Serious  leaks 
developed  along  a  similar  sluiceway  at  the  Bay  Island  plant  and  the 
sluiceway  was  closed  off. 

A  run-off  capacity  of  0.20  inch  per  24  hours  over  the  watershed 
area  is  believed  adequate  for  a  gravity  sluiceway  built  to  supplement 
a  pumping  plant.  When  the  run-off  is  greater,  the  river  would  prob- 
ably be  high  enough  to  necessitate  pumping.  An  average  velocity 
of  6  to  8  feet  through  the  sluiceway  is  suggested  for  design.  The 
difference  in  water  level  between  entrance  and  discharge  bays  neces- 
sary to  produce  such  velocities  would  be  between  1  and  2  feet.  The 
top  invert  of  the  outer  end  of  the  culvert  should  preferably  be  that 
much  below  the  maximum  allowable  stage  in  the  suction  bay  to  in- 
sure that  the  maximum  capacity  is  available.  The  bottom  of  the 
sluiceway  should  be  not  lower  than  the  bottom  of  the  ditches  near 
the  sluiceway,  to  avoid  excessive  silting  in  the  sluiceway.  These  con- 
ditions may  require  that  the  culvert  be  a  shallow  and  wide  box,  or 
be  made  of  several  small  pipes  rather  than  one  of  larger  diameter. 
The  entrance  end  of  the  sluiceway  should  be  rounded  to  increase  the 
capacity  (7). 

An  iron  or  steel  gate  should  be  constructed  on  the  discharge  side 
of  the  sluiceway,  and  be  operated  by  a  screw  or  gear  from  a  handle 
set  above  high  water.  To  prevent  seepage  along  the  sluiceway  con- 
crete collars  should  be  constructed  about  10  feet  apart  and  about  12 
by  12  inches  in  size  around  the  sluiceway  box  or  pipe.  Heavy  con- 
crete sluiceways  should  be  set  on  piling  if  the  foundation  is  poor. 
Substantial  head  walls  should  be  provided  at  both  suction  and  dis- 
charge sides  to  prevent  erosion  of  the  levee.  To  prevent  undermining 
of  a  concrete  outlet  structure,  such  as  occurred  at  the  Mauvaisterre 
plant  (pi.  6,  A)  although  the  average  velocity  through  the  culvert 
probably  did  not  exceed  4  to  5  feet  per  second,  a  cut-off  wall,  sheet 
piling,  or  riprap  should  be  used. 
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TRASH  SCREENS 

One  or  more  good  screens  should  be  provided  for  each  pumping 
plant  to  prevent  trash  from  getting  into  the  pumps.  These  may  be 
of  small  iron  rods  three  eighths  to  one  half  inch  in  diameter  or  of 
rectangular  bars  usually  about  %  by  IK  inches.  The  spacing  between 
bars  ranges  from  about  IK  to  4  inches,  although  1}^-  to  2-inch  spacing 
is  most  common.  The  area  of  the  screen  opening  at  average  operat- 
ing stages  should  be  from  2  to  3  times  the  combined  area  of  the 
suction-pipe  openings.  If  it  is  too  small,  the  water  will  head  up 
unnecessarily,  the  static  Uft  will  be  increased,  and  the  pumps  will  lose 
their  priming  at  a  higher  stage  of  the  suction  bay.  The  screens  are 
conveniently  made  in  sections  2  feet  wide  and  supported  by  small 
channels  or  I-beams. 

The  most  convenient  location  for  the  trash  screen  is  across  the 
front  of  the  suction  bay  (pi.  7).  If  the  bay  does  not  have  a  concrete 
floor,  the  screen  should  be  set  on  piling.  At  a  few  plants  two  screens 
have  been  used,  one  across  the  entrance  of  the  suction  bay  and  the 
other  some  distance  up  the  main  ditch.  The  screens  need  substantial 
supports  (pi.  8,  C).     Sloping  the  screen  facilitates  cleaning  it. 

CONSTRUCTION  OF  THE  PUMPING  PLANT 

Competitive  bids  for  construction  of  pumping  plants  and  purchase 
and  installation  of  equipment  is  desirable  in  order  to  assure  reasonable 
costs.  Care  must  be  taken  that  State  drainage  laws  are  complied 
with  in  advertising  for  bids  and  letting  contracts. 

Usually  a  district  can  secure  better  prices  by  dividing  the  pumping- 
plant  construction  into  at  least  two  contracts,  one  including  such 
work  as  foundations,  suction  and  discharge  bays,  and  building,  and 
the  other  including  purchase  and  installation  of  the  machinery  and 
the  suction  and  discharge  pipes.  The  first  can  usually  be  done  cheap- 
est by  some  local  experienced  contractor  familiar  with  the  foimdation 
conditions  along  the  river  and  having  his  construction  equipment  close 
at  hand.  The  second  contract  should  attract  competition  from  manu- 
facturers and  dealers  in  machinery  who  will  not  take  contracts 
involving  foundation  and  similar  work. 

A  cofferdam  of  wood  or  steel  piling  is  practically  always  required 
in  the  construction  of  a  concrete  suction  bay.  If  quicksand  is  en- 
countered the  cofferdam  may  fill  in  as  quickly  as  dewatered.  One 
method  of  avoiding  this  difficulty  has  been  to  excavate  the  sand  to 
about  1  foot  deeper  than  the  bottom  of  the  floor  without  dewatering 
the  cofferdam,  and  then  lay  under  water  a  false  concrete  floor  about 
1  foot  thick.  The  concrete  should  be  laid  on  canvas  so  that  the 
cement  will  not  be  washed  out  so  readily.  If  the  under  floor  is  nearly 
watertight,  the  cofferdam  can  be  emptied  without  difficulty  and  the 
suction-bay  floor  constructed.  The  under  floor  should  not  be  con- 
sidered a  part  of  the  suction-bay  floor  because  a  thin  concrete  slab 
laid  under  water  may  have  little  strength.  The  bracing  for  a  coffer- 
dam should  be  careiully  planned,  as  inadequate  bracing  frequently 
causes  caving  that  necessitates  expensive  reconstruction.  After  the 
suction  bav  has  been  completed,  the  sheet  piling  at  the  front  of  the 
bay  should,  if  possible,  be  driven  down  flush  with  the  floor  to  help 
prevent  undermining  of  the  bay  and  the  building. 
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After  the  suction  bay  has  been  completed,  construction  of  the  other 
foundations  can  be  done  with  comparative  ease  because  they  do  not 
go  nearly  so  deep.  Construction  of  the  superstructure  and  installation 
of  the  equipment  are  not  particularly  difficult. 

TESTS  OF  PUMPING  PLANTS 

Acceptance  tests  should  be  made  of  all  drainage  pumping  equipment 
to  determine  if  it  meets  the  guarantees  of  capacity  and  efficiency. 
Pumps  and  engines  often  can  be  tested  most  economically  in  the  fac- 
tory, in  the  presence  of  a  representative  of  the  district,  and  accepted 
before  they  are  shipped  to  the  plant.  However,  field  tests  generally 
are  necessary  for  pumps  larger  than  36-inch,  because  few  manufac- 
turers are  equipped  to  test  them.  Because  the  equipment  required 
to  test  oil  engines  is  heavy  and  expensive  to  ship,  it  is  usually  econom- 
ical to  have  the  district's  engineer  test  the  oil-engine  equipment  for 
24  to  48  hours  at  the  factory,  to  determine  the  oil  consumption  per 
brake  horsepower-hour  and  whether  the  engine  will  operate  satis- 
factorily at  full  load.  New  electric  motors  usually  can  be  accepted 
without  special  tests,  because  their  efficiencies  ordinarily  do  not  vary 
more  than  2  percent  from  those  guaranteed. 

The  acceptance  tests  should  determine  also  whether  the  priming 
equipment  will  prime  the  pumps  in  the  time  specffied,  which  should 
not  be  more  than  15  minutes.  The  joints  of  the  suction  and  discharge 
pipes  should  be  inspected  to  be  sure  that  they  are  airtight ;  considerable 
reworking  of  welded  field  joints  may  be  necessary.  Before  acceptance 
there  should  be  a  thorough  and  detailed  inspection  of  all  the  machinery 
to  detect  flaws,  and  all  accessory  equipment  should  be  operated  to  be 
sure  that  it  performs  satisfactorily. 

After  the  plant  has  been  accepted  and  put  into  operation,  occasional 
tests  are  desirable  to  determine  whether  the  plant  efficiency  can  be 
improved  by  changing  operating  conditions,  such  as  by  adjusting 
speeds  and  by  repairing  or  giving  better  care  to  the  equipment.  The 
methods  and  equipment  recommended  for  testing  pumping  plants 
have  been  described  elsewhere  (4). 

OPERATION  OF  THE  PUMPING  PLANT 

Great  care  should  be  used  to  select  competent  and  trustworthy 
operators  for  drainage  pumping  plants.  The  rapid  deterioration  of 
several  plants  can  be  traced  to  improper  operation  resulting  from  the 
employment  of  inefficient  instead  of  efficient  operators.  Keeping  the 
plant  clean  reduces  the  fire  hazard  as  well  as  improves  the  appearance. 

Even  though  there  is  a  well-maintained  trash  screen,  sticks  and 
trash  often  lodge  in  the  piuiips  or  pipes  which  decrease  the  plant 
efficiency  and  may  endanger  the  equipment.  Although  sticks  often 
can  be  heard  immediately  after  they  get  into  a  pump,  it  is  not  always 
possible  to  determine  whether  the  pump  is  clean  except  by  opening 
it.  The  district  officials  should  see  that  the  operator  inspects  the 
pumps  at  frequent  intervals  and  keeps  them  and  the  pipes  clean. 

The  trash  screen  should  be  kept  free  from  trash  to  prevent  water 
heading  up  unnecessarily.  The  packing  on  the  pumps  should  be  re- 
newed about  once  a  year,  and  be  kept  sufficiently  tight  that  leakage 
of  air  into  the  pumps  will  not  be  large,  yet  not  so  tight  as  to  cause 
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excessive  wear  of  the  pump  shaft.  Air  in  the  pipes  reduces  the  vacuum 
and  increases  the  head  against  which  the  pump  operates. 

Centrifugal  pumps  should  not  be  operated  empty  if  any  of  the  parts 
depend  upon  water  for  lubrication.  In  priming  them,  they  should  be 
completely  filled  with  water,  for  any  air  in  the  casing  may  be  pocketed 
around  the  shaft  and  reduce  the  discharge.  Screw  pumps  and  mixed- 
flow  pumps  can  be  primed  satisfactorily  after  they  are  started. 

The  seal  glands  of  pumps  frequently  become  clogged  with  silt  or 
grease  and  permit  much  air  to  get  into  the  pump,  which  causes  a 
decrease  in  discharge  and  efficiency  and  rapid  wearing  of  the  packing 
and  shaft.  Priming  is  more  difficult  when  the  seals  are  neglected. 
The  operator  should  understand  the  purpose  of  the  seal  glands  and  be 
industrious  enough  to  keep  them  working  properly. 

It  frec[uently  happens  that  wear,  accident,  or  other  cause  reduces 
the  eflficiency  of  a  pump  very  greatly.  Occasional  tests  will  show 
when  the  efficiency  is  abnormally  low,  and  then  inspection  can  be 
made  to  determine  the  character  of  repairs  needed,  which  may  be 
renewal  of  the  impellers.  The  most  efficient  unit  or  units  in  a  plant 
should  be  used  for  as  much  of  the  pumping  as  possible. 

In  plants  that  have  considerable  variation  in  static  lift  the  speed 
of  pump  should  be  carefully  regulated  to  obtain  a  high  plant  efficiency. 
The  importance  of  this  has  been  shown  on  page  30.  The  management 
of  a  district  should  determine  the  most  efficient  speeds  of  operation, 
by  testing  the  plant  or  from  the  characteristic  curves,  and  see  that 
the  pumps  are  run  at  the  most  economical  speeds.  Many  operators 
who  are  paid  by  the  month  want  to  get  their  work  done  in  the  least 
time  possible,  and  consequently  overspeed  the  pumps  at  low  and  aver- 
age lifts.  WTien  there  is  danger  of  flooding  crops,  the  pumps  should 
be  speeded  up  to  obtain  quick  removal  of  the  water.  Also,  for  an 
electric  plant  operating  under  an  off-peak  agreement  it  may  be  ad- 
visable to  speed  up  the  pumps  to  finish  the  pumping  during  the 
off-peak  hours.  If  operating  at  slow  speed  increases  the  cost  ot  labor, 
the  extra  cost  should  be  considered  in  determining  the  economical 
speed.  In  some  instances  continuous  slow  pumping  to  keep  the  water 
low  in  the  ditches  may  improve  the  drainage  of  some  parts  of  the 
district. 

Operation  records  are  valuable  court  evidence  to  determine  the  need 
for  or  the  amount  of  pumping,  when  special  assessments  are  being 
levied  or  during  law  suits,  as  well  as  in  supervising  the  operation  of 
the  plant.  DaUy  records  should  include  at  least  the  follo^^ing  items: 
(1)  Discharge-bay  gage  readings,  twice  daily  or  when  pumps  are 
started  or  stopped;  (2)  suction-bay  gage  readings  at  the  same  time; 
(3)  time  of  starting  and  stopping  pumps;  (4)  speed  of  pumps;  (5)  watt- 
hour  meter  readings,  in  electric  plants;  and  (6)  rainfall.  The  amoimt 
of  fuel  on  hand  should  be  reported  monthly  or  semimonthly  for  oil- 
engine and  steam  plants.  Repairs  to  plant  and  equipment  and  sup- 
plies received  and  expenses  incurred  also  should  be  noted  on  the 
operator's  daily  sheets  unless  a  separate  procedure  is  preferable  for 
checking  expenditures. 

Adequate  operation  records,  accurate  cost  records,  and  occasional 
tests  are  absolutely  necessary  for  proper  supervision  and  economical 
operation  of  the  pumping  plant.  Such  data  often  enable  large  savings 
to  be  made  in  operating  costs, 
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SUMMARY  AND  CONCLUSIONS 

In  a  study  of  17  representative  drainage  pumping  plants  in  the 
upper  Mississippi  Valley,  extending  over  a  period  of  6  years,  daily 
records  of  operation  were  obtained  to  determine  the  amounts  of 
pumping,  static  lifts,  and  costs  of  pumping,  and  tests  were  made  to 
determine  the  pump  discharges  and  plant  efficiencies.  In  the  fall  of 
1930  a  survey  was  made  of  all  the  pumping  plants  being  operated  by 
organized  drainage  districts  in  that  section.  The  discussion  of  costs 
has  already  been  published  (4). 

A  drainage  pumping  plant  should  be  designed  to  pump  the  estimated 
maximum  run-off  rate  at  the  maximum  lift.  In  the  upper  Mississippi 
Valley,  minimum  lifts  range  from  0  to  9  feet,  and  maximum  lifts 
range  from  12  to  25  feet.  The  average  lift  during  the  low-water 
season  for  a  period  of  years  should  be  the  basis  for  designing  a  low-lift 
pumping  unit  in  a  multiple-unit  plant. 

The  annual  run-off  to  be  pumped  should  be  determined  in  order  to 
estimate  the  annual  plant  factor  and  cost  of  pumping.  The  estimated 
average'run-off  pumped  from  districts  that  were  affected  by  backwater 
from  dams  ranged  from  16  to  35  inches  per  year,  and  from  districts 
not  affected  greatly  by  backwater  ranged  from  12  to  16  inches. 
The  annual  rim-off  from  districts  that  obtained  some  gravity  drainage 
and  were  not  affected  by  backwater  from  dams  was  estimated  as 
from  5  to  15  inches. 

The  distribution  of  rim-off  according  to  static  lift  should  be  deter- 
mined in  order  that  the  plant  can  be  designed  for  maximum  efficiency 
at  the  lift  at  which  the  greatest  amount  of  pumping  must  be  done, 
and  that  one  or  more  units  can  operate  efficiently  at  any  lift. 

The  required  capacity  for  a  drainage  pumping  plant  in  the  upper 
Mississippi  Valley,  at  maximum  lift,  in  terms  of  average  total  run-off 
pumped  per  year  and  a  coefficient  varying  with  size  of  drainage  area 
and  degree  of  protection  provided  for  the  lands,  may  be  computed 
(p.  25)  as 

(7=i^i(0.22  +  0.006r) 

A  formula  for  general  application  (p.  25)  is 

C=KAK,  +  K,{r-a)] 

Screw  pumps  are  especially  efficient  against  heads  less  than  10  feet 
and  mixed-flow  pumps  are  very  efficient  against  heads  ranging  slightly 
higher,  whereas  for  heads  greater  than  about  14  feet  properly  designed 
centrifugal  pumps  obtain  equal  or  better  efficiencies.  Centrifugal 
pumps  have  a  greater  capacity  near  the  maximum  lift  than  the  other 
types  of  the  same  rated  sizes.  Some  plants  operating  against  con- 
siderable ranges  in  lifts  have  installed  both  screw  or  mixed-flow  pumps 
for  efficiency  pumping  at  low  and  medium  lifts  and  centrifugal  pumps 
for  efficiency  at  high  lifts.  Well-designed  drainage  pumps  have 
efficiencies  slightly  above  80  percent  near  the  maximum  lift,  and 
operating  at  two  speeds  can  maintain  an  efficiency  of  70  percent  or 
greater  against  heads  ranging  from  7  to  25  feet. 

The  speed  of  all  three  tvpes  of  pumps  should  be  varied  according  to 
the  hfts  or  heads  pumped,  against,  to  obtain  best  average  efficiencies. 
At  low  and  medium  lifts  the  speed  sliould  be  reduced,  in  some  cases 
by  as  much  as  25  percent,  from  the  most  efficient  speed  for  high-lift 
pumping.     Oil  engines  usually  can  be  varied  in  speed  by  adjustment 
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of  the  governors  sufficiently  to  permit  proper  pump-speed  adjustment. 
In  electric  plants,  two  synchronous  motors  of  different  speeds  mounted 
on  the  same  shaft  appear  to  provide  the  best  method  of  speed  adjust- 
ment. Where  pumps  are  belted  or  chain-connected  to  induction 
motors,  the  most  practical  means  of  varying  the  pump  speed  is  by 
changing  pulleys  on  the  motor  shaft. 

A  unit  having  capacity  small  enough  to  pump  at  the  minimum 
rate  of  run-off  with  reasonable  efficiency  should  be  provided,  unless 
there  is  large  water-storage  capacity  in  the  vicinity  of  the  pumping 
plant,  in  order  to  hold  the  water  in  the  suction  bay  at  optimum  stage 
lor  drainage  of  the  lands  in  the  district  without  too-frequent  starting 
and  stoppmg  of  the  pumps. 

Riveted  and  welded  plate  metal  is  usually  the  most  convenient  and 
economical  material  for  the  construction  of  suction  and  discharge 
pipes.  The  friction  head  lost  in  those  pipes  in  the  plants  studied, 
as  determined  from  tests,  ranged  from  1.9  feet  to  4.3  feet  at  10  feet 
per  second  velocity.  To  reduce  entrance  losses  and  permit  the  suction 
bay  to  be  pumped  low  without  the  pump  losing  its  prime,  the  end  of 
the  suction  pipe  should  be  expanded  to  have  from  2  to  4  times  the 
area  at  the  pump  flange.  Discharge  pipes  usually  should  be  expanded 
2  to  6  inches  larger  than  the  pump  flange,  the  transition  being  made 
by  a  short  expanding  section.  The  saving  in  cost  of  pumping  as  a 
result  of  reduced  friction  head  is  considerably  greater  in  electric  than 
in  oil-engine  plants  because  the  expenditures  for  electric  energy  exceed 
those  for  fuel  and  lubricating  oils.  Discharge  pipes  should  be  rein- 
forced, if  necessary,  to  prevent  collapse  when  under  a  high  vacuum. 

The  discharge  pipe  should  go  over  the  levee  or  as  near  the  levee 
top  as  possible  without  exceeding  the  practical  suction  Hmit  of  28 
feet  above  the  lowest  stage  of  water  in  the  discharge  bay.  The  end 
of  the  discharge  pipe  should  be  below  the  absolute  minimum  stage  of 
the  discharge  bay,  so  that  the  pump  can  be  readily  primed  and  so 
that  the  discharge  pipe  will  act  as  a  siphon  to  reduce  the  head  on  the 

Eumps.  The  end  of  the  pipe  usually  should  be  belled  to  reduce  the 
ead  lost  at  exit.  The  horizontal  section  of  pipe  at  the  top  of  the 
levee  should  be  short  to  reduce  the  amount  of  air  that  will  be  trapped. 

Choice  of  kind  of  power  for  a  pumping  plant  should  be  made  accord- 
ing to  the  total  cost  of  pumping,  mcluding  fixed  charges.  Electric 
plants  are  cheaper  in  first  cost,  whereas  oil  engines  cost  less  to  operate 
W).  The  economy  of  an  oil  engine  depends  upon  its  successful  opera- 
tion for  a  long  period  of  years,  therefore  experimental  types  should 
be  avoided.  Multiple-cylmder  horizontal  oil  engines  are  subject  to 
more  vibration  than  those  with  vertical  cylinders,  but  single-cylinder 
horizontal  semidiesel  engines  up  to  150  horsepower  have  been  satis- 
factory in  operating  drainage  pumps. 

Foundations  should  rest  on  piling  designed  to  support  the  full  load. 
Reinforced  concrete  foundations  are  recommended  for  direct-connected 
imits,  so  that  pump  and  engine  will  not  settle  out  of  line.  A  substan- 
tial fire-resistant  building  of  brick  or  other  permanent  construction 
is  desirable,  A  concrete  suction  bay  is  usually  desirable  for  upper 
Mississippi  Valley  pumping  plants,  to  prevent  undermining  of  the 
building.  An  effective  screen  should  be  provided  to  keep  trash  out 
of  the  pumps  and  pipes. 

Construction  contracts  for  a  pumping  plant  ordinarily  should  be 
let  in  two  parts,  one  contract  for  the  buildings,  foundations,  and 
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accessory  structures,  and  the  other  contract  for  the  pumping  and 
accessory  equipment. 

Competent  and  trustworthy  operators  should  be  employed  for 
pumping  plants,  to  obtain  efficient  operation  and  avoid  rapid  deteri- 
oration of  equipment.  Pumps  and  pipes  should  be  kept  free  of  trash. 
The  screens  should  be  cleaned  regularly.  The  seal  glands  should  be 
cleaned  frequently,  to  prevent  air  from  getting  into  the  pump  and 
rapid  wear  of  the  packing  on  the  shaft.  Pump  speeds  should  be  ad- 
justed according  to  the  lifts,  to  obtain  economical  operation,  although 
after  heavy  rains  it  may  be  desirable  to  pump  the  water  out  of  the 
district  as  rapidly  as  possible.  Records  of  operation  and  expendi- 
tures and  occasional  tests  of  the  equipment  are  essential  for  proper 
operation  of  the  pumping  plant,  and  often  lead  to  large  savings. 
They  indicate  the  most  efficient  units  for  doing  the  major  part  of 
the  pumping,  and  the  need  for  repairing  equipment  or  improving 
speed  regulation. 
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APPENDIX 

The  pumping  equipment  available  for  land  drainage  on  Illinois  River  and  on 
the  Mississippi  between  Dubuque  and  St.  Louis,  in  1930,  is  shown  in  table  7. 
The  locations  have  been  shown  in  figure  1. 

The  capacities  and  types  of  pumps  and  power  equipment  of  many  of  the  plants 
are  considerably  diflferent  from  practices  recommended  at  the  present  time,  even 
where  the  machinery  was  the  most  economical  obtainable  under  conditions  exist- 
ing when  it  was  installed.  The  data  presented  in  the  table  will  be  helpful  to  any 
engineer  desiring  to  make  a  detailed  study  of  those  pumping  plants  that  are 
similar  to  one  that  he  may  have  to  design. 

With  but  three  exceptions,  all  the  pumping  units  of  each  district  are  located  in 
one  plant.  In  the  Hillview  district,  the  5,000-gallon  unit  and  the  22,000-gallon 
unit  are  each  in  a  separate  plant  to  drain  isolated  areas  of  low  land.  In  the 
Savanna- York  district,  the  1,500-gallon  unit  is  located  separately  to  serve  a  small 
area  not  economically  drained  to  the  main  plant.  In  the  Muscatine-Louisa 
district  no.  13,  the  16,000-  and  36,000-gallon  units  installed  in  1920  are  in  one 
plant  draining  the  lower  part  while  the  other  three  units  are  located  in  another 
plant  more  economically  to  drain  the  upper  part  of  the  district. 
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Table  7. — Drainage  pumping  plants  in  the  upper  Mississippi  Valley,  1930 


Drainage  district 


ILLINOIS  RIVER  DISTRICTS 

Hennepin 

East  Peoria 

Pekin-LaMarsh 

Rocky  Ford... 

Spring  Lake 

Banner  Special 

East  Liverpool 

Liverpool 


Thompson  Lake. 


Kerton  Valley ..- 

Lacey.. 

Langellier 

West  Mantanzas. 
Sea  Horn 


Big  Lake 

Kelley  Lake. 
Lost  Creek.. 


Coal  Creek. 


Crane  Creek 

Big  Prairie... 

Beardstown    Drainage 
and  Sanitary. 

South  Beardstown 


VaUey 

Meredosia  Lake. 

Coon  Run 

Litile  Creek 


McOee  Creek. 


Valley  City.. 
Mauvaisterre. 


Scott  County. 
Big  Swan 


HUlview. 


Water- 
shed 
area 


Acres 
4,100 

1,650 

3,600 

1,600 

22,600 

6,760 

3,350 

3,700 
6,350 

1,740 

*8,640 

2,005 
4,300 

1,200 
2,260 

7,525 

6,230 
2,200 


8,350 

3,200 
5,000 
1,987 
2»000 

15,700 

7,160 
7,180 

12,600 
16,700 

18,600 


Engine  or  motor 


Type 


Diesel 

Electric... 

....do 

—.do 

-.-do 

-—do 

....do 

Diesel 

Electric. -- 
—do 

lid 

-—do 

Electric 

—do 

....do 

....do 

—.do 


....do.. 
....do.. 


-do 


Steam.. 
Electric. 
do.. 


....do.. 
...-do-. 


Began 
oper- 
ating 


-do. 


Electric 

Steam 

^Semidiesel- 

Steam 

Semidiesel. 

-—do 

-...do 

.—do 

....do 

Diesel 

Steam 

....do 

Semidiesel. 

Electric 


.—do 

....do 

-...do 

Steam 

Electric 

--..do 


Year 
1924 
1924 
1910 
1910 
1910 
1925 
1914 
1919 
1915 
1915 
1926 
1916 
1916 
1923 
1923 
1922 
1922 
1927 
1930 
1920 


1930 
1927 
1914 
1929 
1918 
1918 
.1921 
1914 
1914 
1914 
1912 
1929 
1929 
1929 
1918 
1918 
1918 
1918 
1916 
/  1929 
\  1929 
1930 
1911 
1923 
1915 
1926 
1926 
1926 
1926 
i  1922 
[  1922 
1926 
1913 
1913 
1928 
f  1916 
I  1917 
[  1927 
1914 
1914 
1929 
1920 
1923 
1923 


Rating 


Horse 

power 

150 

50 

75 

50 

100 

75 

100 

100 

300 

300 

120 

250 

75 

150 

75 

135 

135 

220 


Pump 


Began 
oper- 
ating 


Year 
1910 
1915 
1910 
1910 
1910 
1925 
1914 
1919 
1909 
1909 
1909 
1916 
1916 
1923 
1923 
1922 
1922 
1922 


Size 

and 

type» 


200 
75 

1922 
1920 

200 

1930 

125 

1930 

100 

1930 

60 

1909 

100 

1914 

100 

1914 

75 

1918 

100 

1918 

100 

1921 

100 

1914 

100 

1914 

100 

1914 

250 

1912 

100 

1914 

125 

1929 

75 

1929 

100 

1918 

150 

1918 

150 

1918 

150 

1918 

100 

1916 

200 

1929 

100 

1911 

50 

1930 

90 

1911 

80 

1923 

225 

1915 

150 

1926 

150 

1926 

150 

1926 

150 

1926 

150 

1922 

100 

1922 

120 

1926 

420 

1913 

155 

1913 

150 

1928 

400 

1912 

150 

1917 

150 

1912 

125 

1914 

125 

1914 

260 

1929 

810 

1920 

50 

1923 

150 

1923 

Inches 
24 
18 
18 
15 
26 
20 
18 
26 
48 
48 
24 
36 
20 
30 
20 
20 
20 
30 
30 
20 

36  M 
30 
24 
20 


Capac- 
ity 
(esti- 
mated) 


Qal.  per 
min. 
15,000 
6,000 
9,000 
6,000 
13,500 
10,000 
10,000 
17,000 
52,000 
52,000 
13,000 
36,250 
10,500 
18,000 
11,750 
9,000 
9,000 
22,000 
22,000 
10,000 
29,600 
20,000 
17,000 
10,000 


Run-off 
depth 
per  24 

hours* 


Inches 
0.272 


24 

12,000 

24 

12,000 

20 

10,000 

24 

12,000 

30 

19,000 

20 

12,500 

20 

12,500 

20 

12,500 

36 

30,000 

30 

18,000 

24  M 

15.000 

20M 

8,000 

26 

12,000 

30 

16,000 

30 

16.000 

30 

16,000 

24 

12,000 

36 

32.000 

24 

14,000 

20M 

10,000 

24 

15.000 

24 

12.000 

36 

31,000 

30 

22.000 

30 

22,000 

30 

22,000 

30 

22,000 

36 

25,000 

24 

10,750 

30 

20.600 

45 

45,000 

24 

16,000 

30 

22,000 

45 

45,000 

30 

21,000 

24 

13,000 

30 

20.000 

30 

20,000 

36M 

41,000 

60 

100,000 

15 

5,000 

30 

22,000 

>  For  identification  of  districts  shown  in  fig.  1. 

*  All  are  centrifugal  pumps  except  6  indicated  screw  pumps  (S)  and  8  indicated  mixed-flow  pumps  (M). 
s  Plant  capacity  calculated  from  estimated  capacities  of  pumps. 

*  3  districts  drained  by  1  pumping  plant. 
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Table  7. — Drainage  pumping  plants  in  the  upper  Mississippi  Valley,  1930 — Con. 


Key 
no. 


33.. 

34.. 

35... 
36... 
37... 


40.. 

41.. 
42.. 
43.. 

44.. 


Drainage  district 


ILUNOIS  RIVER  DISTRICTS- 

continued 


Hart  well. 


Keach  (Fairbanks). 

Eldred- 

Spankey 

Nutwood 


Water- 
shed 


MISSISSIPPI  RIVER 
DISTRICTS 

Carroll  County  no.  1.. 


Savannah- York. 


Drury 

Union  no.  1. 
Bay  Island. 

Keithsburg. 


Muscatine-Louisa  no.  13. 

Louisa-Des  Moines  no.  4. 
47...  Des  Moines  County  no.  7. 
48...   Des  Moines  Comity  no.  8. 

Henderson  County  no.  3. 

50...  Henderson  County  no.  1. 
61...  Henderson  County  no.  2. 

62...  Green  Bay 

53...  Niota 

54...  Des  Moines-Mississippi.. 

65...  Hunt 

56...   Lima  Lake 

57...   Indian  Grave 

68- . .    Union  Township 

Fabius 

Marion  County 

South  Quincy 

2  districts  drained  by  1  pumping  plant. 


Acres 
12,900 

18,300 

9,300 

1,125 

17,500 

3,500 

3,600 

8,500 

7,000 

f«52,000 

1,800 

55,000 

16,000 

30,700 

6,000 


Engine  or  motor 


Type 


Electric. -- 

Steam 

[Diesel 

■^  Steam 

[Diesel 

Semidiesel 

f  Steam 

ISemidiesel 


/.—do 

\Diesel 

Electric. - 

Semidiesel 

Steam 

do..... 

Gasoline.. 
Semidiesel. 

do.... 

Steam 

-.-.do 

..-do 

Electric... 
-...do.-.-. 

im 

...-do 

--do 

Electric. .  - 

Steam 


2,200 

do 

«22,400 

Electric 

14,000 

do 

1,303 

do 

5,500 

Semidiesel... 

15,840 

Electric 

16,  640 

do 

21,000 

do 

3,700 

Semidiesel.. 

14,900 

Diesel 

6,470 

Electric 

10,  405 

do 

Began 
oper- 
ating 


Year 
1915 
1915 
1915 
1929 
/  1910 
1  1927 
1921 
1911 
1929 
1923 

1910 
1925 


1923 
1928 
1918 
1918 
1927 
1927 
1924 
1924 


1930 
1915 
1920 
1916 
1916 
1916 
1920 
1920 
1909 
1909 
1911 
1911 
1928 
1911 
1911 
1916 
1916 
1917 
1928 
1928 
1918 
1918 
1917 
1917 
1929 
1929 
1928 
1928 
1928 
1928 
1928 
1918 
1918 

1923 
1917 
1917 
1915 
1915 
1917 
1917 


Rating 


Horse- 
power 
150 
150 
150 
458 
350 
225 
250 
190 
120 
50 

500 
300 


135 

80 

75 

75 

15 

15 

100 

200 

250 

500 

500 

30 

50 

55 

400 

400 

150 

200 

100 

315 

315 

350 

350 

400 

125 

75 

75 

75 

75 

350 

350 

300 

300 

35 

35 

100 

125 

250 

250 

250 

250 

250 

200 

400 

150 
250 
250 
100 
100 
200 
200 


Pump 


oper- 
ating 


Year 
1915 
1915 
1915 
1929 
1910 
1910 
1921 
1911 
1911 
1923 
1910 
1910 
1925 


1923 
1928 
1918 
1918 
1927 
1927 
1924 
1924 
1908 
1909 
1909 
1915 
1915 
1920 
1916 
1916 
1916 
1920 
1920 
1909 
1909 
1911 
1911 
1911 
1911 
1911 
1916 
1916 
1917 
1913 
1913 
1918 
1918 
1917 
1917 
1929 
1929 
1928 
1928 
1928 
1928 
1928 
1918 
1918 
1918 
1923 
1917 
1917 
1915 
1915 
1917 
1917 


Size 
and 
type 


Inches 


M 


12 

18 

20 

54 

54 

36 

36 

24 

50 

50 

54 

64 

54 

24 

18 

20 

20 

18 

48 

48 

42 

42 

10 

10 

30 

36 

36 

36  M 

36 

36  M 

36 

36 

36 

36 

30 

42 

42 

30 

30 

36 


Capac- 
ity 
(esti- 
mated) 


Oal.  per 
min. 
22,500 
22,500 
22,500 
67,000 
55,000 
30,000 
37,500 
37,000 
17,000 
8,000 
52,000 
30,000 
35,000 


20,000 

11,000 

18,000 

18,000 

3,500 

1,500 

15,000 

34,000 

70,000 

115,000 

116,000 

3,500 

8,000 

9,000 

85,000 

85,000 

36,000 

36,000 

16,000 

63,500 

63,500 

80,000 

80,000 

80,000 

15,000 

8,400 

11,000 

11,000 

9,000 

55,000 

65,000 

47,500 

47,500 

3,200 

3,200 

20,000 

30,000 

35,000 

41,500 

35,000 

41,000 

35,000 

36,000 

36,000 

36,000 

22,000 

47,500 

47,500 

20,000 

20,000 

34,000 

34,000 


Run-ofl 
depth 
per  24 
hours 


Inches 
'      .554 
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Table  7. — Drainage  pumping  plants  in  the  upper  Mississippi  Valley,  1930 — Con. 


Drainage  district 

Water- 
shed 
area 

Engine  or  motor 

Pump 

Key 
no. 

Type 

Began 
oper- 
ating 

Rating 

Began 
oper- 
ating 

Size 
and 
type 

Capac- 
ity 
(esti- 
mated) 

Run-off 
depth 
per  24 
hours 

fi? 

MISSISSIPPI   RIVER  DIS- 
TRICTS—continued 

South  River 

Acres 
11,200 

6,400 

25,000 

1,125 
1,800 

2,688 
33.280 

Steam 

/Semidiesel. - 
IDiesel 

Steam 

Semidiesel.. 
do 

Diesel 

do - 

Year 

I  1911 

1  1911 

1921 

1930 

/  1915 

1  1915 

1923 

1920 

r  1930 
1  1930 
1930 
1930 
1930 
1930 

Horse- 
power 
250 
250 
125 
120 
300 
300 
38 
50 

90 
90 
240 
240 
240 
240 

Year 
1911 
1911 
1921 
1921 
1915 
1915 
1923 
1920 

1930 
1930 
1930 
1930 
1930 
1900 

Inches 
36 
36 
30 
30 
48 
48 
18 
24 

36  S 
36  S 
54S 
54S 
54S 
54S 

Gal.  per 
min. 
32,000 
32,000 
20,000 
20,000 
56,000 
56,000 
8,000 
10,000 

20,000 
20,000 
50,000 
50,000 
50,000 
50,000 

Inches 
\        303 

63 

Riverland 

I        331 

64.- 

EUsberry         .  . 

238 

65 

Sandy  Creek 

377 

66  - 

Bievator 

295 

67.- 

East  Side  Levee  and  Sani- 
tary: 

Cahokia  plant 

South  plant 

}      .789 
319 
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PRODUCTION 

Numerous  studies  have  been  made  on  the  decomposition  of  various 
materials  by  soil  microorganisms.  Considerable  information  is  avail- 
able concerning  the  decomposition  of  fresh  plant  material  added  to 
the  soil  as  green  manure,  and  it  has  been  found  that  such  material 
undergoes  rapid  decomposition.  This  is  presumably  because  it  con- 
tains relatively  large  proportions  of  readily  decomposable  substances 
consisting  chiefly  of  simple  and  complex  carbohydrates,  amino  acids, 
certain  proteins,  etc.  Such  decompositions  are  apparently  accom- 
panied by  an  increase  of  the  proportions  of  ligninlike  materials  in 
the  residues. 

The  behavior  of  peat  when  incorporated  in  the  soil  is  quite  different 
from  that  of  fresh  plant  material.  This  perhaps  may  be  expected  in 
view  of  the  fact  that  its  composition  differs  greatly  from  that  of  its 
parent  plant  materials.  A  partial  decomposition  has  already  occurred, 
the  extent  of  which  is  dependent  upon  a  number  of  factors  m  the  for- 
mation, such  as  type  of  plant  material,  climate,  water  level,  etc.  In 
general,  the  predominating  portion  of  a  peat  consists  of  Ugninlike 
material  and  this  may  be  expected  to  retard  its  rate  of  decomposition. 
Lignin,  as  a  constituent  of  plant  material,  is  usually  considered  to  be 
very  resistant  to  microorganisms  and  for  this  reason  it  is  believed  to 
become  an  increasingly  larger  fraction  of  partly  decomposed  materials. 
Phillips  and  his  associates  (19y  have  recently  shown,  however,  that 
lignin  may  decompose  quite  rapidly  under  certain  conditions. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  31. 
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In  a  previous  study  of  peat  profiles  (8)  it  was  demonstrated  that 
peat  from  various  sources  contains  appreciable  quantities  of  carbo- 
hydrates, such  as  cellulose,  hemicellulose,  etc.,  which  have  not  dis- 
appeared in  the  formation  of  the  peat,  and  therefore  should  be  subject 
to  fermentation  under  proper  conditions.  As  the  partial  review  of 
the  literature,  which  follows,  indicates,  such  decomposition  to  any 
notable  degree  has  not  been  demonstrated.  It  seemed  highly  desir- 
able to  make  a  detailed  study  of  the  problem  with  the  object  of  find- 
ing the  conditions  under  which  decomposition  most  readily  occurs,  if 
possible.  This  problem  is  the  more  important  since  peat  is  now  used 
as  a  soil  conditioner  and  as  a  component  of  fertilizers.  A  study  such 
as  was  contemplated  might  be  expected  at  least  to  throw  light  upon 
the  behavior  of  peat  in  the  soil  and  furnish  a  better  basis  for  its 
evaluation.  If  any  reasonably  attainable  conditions  could  be  found 
under  which  peat  will  function  as  an  ordinary  green  manure,  the 
enormous  stores  of  it  in  nature  would  become  available  as  a  source  of 
supply  of  soil  organic  matter. 

In  the  course  of  the  investigation  various  heat  treatments  were 
employed  and  one  of  these,  autoclaving  the  peat  with  ammonium 
hydroxide,  proved  of  unusual  interest.  Accordingly,  a  special  study 
of  the  product  and  nature  of  this  reaction  was  included.  During  the 
progress  of  the  research  it  developed  that  Davis  and  Scholl,  of  the 
Fertilizer  and  Fixed  Nitrogen  Investigations  unit  of  the  Bureau,  had 
been  studying  the  product  obtained  by  treatment  of  peat  with  liquid 
ammonia,  with  a  view  to  the  development  of  an  organic  carrier  of 
nitrogen.  Further  study  of  ammonia  ted  peat  for  fertilizer  purposes 
is  being  carried  on  by  them. 

The  material  so  produced  has  interesting  physical  properties  and 
a  very  high  nitrogen  content.  Hence  it  seemed  desirable  to  determine 
both  by  chemical  methods  and  by  pot  tests  the  availability  of  the 
added  nitrogen  .when  the  material  is  used  as  a  nitrogenous  fertilizer. 

REVIEW    OF   LITERATURE 

A  review  of  the  literature  reveals  a  number  of  studies  of  the  decom- 
position of  peat  which  may  be  summarized  briefly. 

There  is  no  trace  of  fermentation  of  peat  either  in  the  presence  or 
absence  of  nutrient  solutions,  whereas  cellulose,  wood,  and  paper 
ferment  under  certain  conditions,  according  to  observations  made  by 
Schrader  (^5). 

Peat  is  the  seat  of  retarded  biological  activity  in  its  natural  state, 
as  demonstrated  by  Demolon  and  Boischot  (S).  They  found  only 
slight  differences  in  the  carbon  dioxide  evolution  of  inoculated  and 
uninoculated  samples.  The  peat  responds  somewhat  to  neutraliza- 
tion by  lime  and  also  by  previous  heating  to  100°  C.  for  a  short  time. 

Melin,  Norrbin,  and  Oden  (18)  found  that  the  fermentation  of 
im treated  peat  inoculated  with  sludge  was  very  slow  but  was  increased 
considerably  by  addition  of  0.05  to  1  percent  calcium  acetate.  The 
gas  composition  was  found  to  be  62  to  78  percent  methane  and  30  to 
13  percent  hydrogen.  Only  cellulose,  hydrocelluloses,  pentosans,  and 
hexosans,  but  not  the  humic  acids  or  lignins  were  attacked. 

According  to  Kissling  and  Fleischer  (14,  ^.  887),  decomposition 
processes  are  more  active  in  a  low-moor  than  m  a  high-moor  peat,  as 
indicated  by  the  carbon  dioxide  content  of  the  soil  air  in  each  case. 
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Addition  of  burned  lime  to  moss  peat  {12,  p.  906)  ^ave  an  average 
value  over  several  months  of  3.91  grams  of  carbon  dioxide  calculated 
on  the  basis  of  1,000  liters  of  soil  air  compared  with  1.64  grams  for 
untreated  peat.  Addition  of  calcium  carbonate,  calcium  sulphate, 
potassium  chloride,  or  kainit  had  less  effect  than  the  burned  lime. 

Schmidt  (22)  states  acid  hydrolysis  of  peat  followed  by  neutraliza- 
tion with  calcium  carbonate  reduces  the  resistance  to  bacterial  attack. 

Wollny  {32f  p.  289)  compared  the  carbon  dioxide  evolution  from 
untreated  peat  \vdth  that  from  peat  extracted  with  ether  alcohol. 
The  latter  gave  approximately  twice  the  quantity  of  carbon  dioxide. 
Addition  of  a  nutrient  solution  {32,  p.  113)  to  a  sample  gave  8.6 
volumes  of  carbon  dioxide  compared  with  6.8  volumes  for  untreated 
peat.  Another  sample  {32,  p.  263)  was  boiled  with  hydrocliloric  acid, 
filtered  and  its  decomposition  compared  with  a  sample  boiled  with 
water  only.  The  values  obtained  for  carbon  dioxide  were  8.037  vol- 
umes and  35.904  volumes,  respectively,  over  a  period  of  5  days.  A 
lime  humate  {32,  p.  267-268)  was  prepared  by  treatment  of  peat 
with  alkali  solution,  at  room  temperature,  filtered,  and  the  filtrate 
treated  with  calcium  chloride.  The  precipitated  material  was  filtered, 
washed,  and  dried  for  the  experiment.  Decomposition  of  the  mate- 
rial was  compared  with  humic  acid  prepared  as  above  but  precipi- 
tated with  hydrochloric  acid  instead  of  calcium  chloride.  The  lime 
humate  3delded  16.1  volumes  of  carbon  dioxide,  whereas  the  humic 
acid  gave  8.9  volumes  over  an  11-day  period. 

Vandecaveye  {27)  treated  a  virgin  woody-sedge  peat  with  stori- 
Uzed  and  unsterihzed  manure,  wheat  straw,  superphosphate,  sodium 
nitrate,  and  lime.  The  beneficial  effect  of  stable  manure  was  ex- 
plained as  being  due  to  the  readily  available  carbon  and  nitrogen 
compounds  in  the  manure  which  are  of  greater  importance  than  the 
microflora.  The  addition  of  lime  greatly  stimulated  carbon  dioxide 
production  but  the  addition  of  superphosphate  or  sodium  nitrate 
caused  no  material  increase  in  the  activity. 

Waksman  and  Purvis  {30)  studied  the  effect  of  varied  moisture 
content  on  the  decomposition  of  saw-grass  peat.  Samples  were 
taken  from  a  cultivated  field  up  to  75  centimeters  in  depth  and 
were  incubated  for  periods  up  to  560  days.  The  carbon  dioxide 
evolved  accounted  for  the  greater  part  of  the  loss  in  weight;  and  the 
optimum  moisture  content  was  found  to  be  50  to  80  percent.  The 
total  dry  matter  decomposed  calculated  from  the  carbon  dioxide 
(CX  1.8)  varied  from  4.3  to  18.3  percent  over  the  period  of  560  days, 
the  actual  loss  in  weight  of  the  peat  varying  from  8.8  percent  to 
24.6  percent.  Other  samples  of  peat  (surface  30-centimeters  layer) 
from  a  different  locality  gave  values  ranging  from  4.9  to  45.7  milli- 
grams carbon  dioxide  recalculated  to  a  basis  of  1  gram  of  dry  peat 
over  periods  of  54  and  58  days,  respectively,  with  varying  moisture 
contents.  Drying  and  then  remoistening  peat  greatly  stimulated  the 
decomposition. 

Waksman  and  Purvis  {29)  also  compared  the  effect  of  toluene, 
ether,  and  2  percent  hydrochloric  acid  extractions  on  the  decomposi- 
tion of  saw-grass  peat  wliich  was  increased  by  all  of  the  treatments 
and  to  the  greatest  extent  by  ether  extraction  which  gave  a  value 
rouglily  five  times  the  value  of  untreated  peat  over  a  period  of  20 
days.  Addition  of  nutrients  did  not  increase  the  carbon  dioxide  evo- 
lution of  sphagnum  moss  peat,  but  the  rate  of  decomposition  was 
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increased  by  extraction  with  4  percent  sodium  hydroxide  and  2  per- 
cent hydrochloric  acid  to  the  extent  of  more  than  twice  the  original 
rate. 

Bedford  (2)  found  that  nutrients  added  to  sphagnum  peat  caused 
relatively  small  increases  in  carbon  dioxide  evolution.  Uninoculated 
samples,  in  general,  gave  somewhat  lower  values  for  carbon  dioxide 
than  inoculated  samples,  but  in  some  cases  the  reverse  was  true. 

Powers  (20)  determined  the  total  loss  in  weight  of  sphagnum  and 
saw-grass  peats  in  composting  over  a  period  of  4  months.  Sphagnum 
peat  with  distilled  water  lost  no  weight  but  with  nutrients  consist- 
ing of  3  percent  CaCOs,  2  percent  NH4NO3,  and  2  percent  K2HPO4, 
a  loss  of  12  percent  was  observed.  Saw-grass  peat  with  nutrients 
lost  up  to  20  percent  of  its  dry  weight  but  ''neither  inoculation  nor 
drainage  gave  significant  results." 

The  patent  literature  abounds  with  methods  for  the  conversion  of 
peat  into  a  fertilizer  by  various  means,  such  as  heat  treatment,  neu- 
tralization, mixing  with  sewage  or  other  effluents,  addition  of  salts, 
or  by  bacterial  inoculation.  Included  among  these  are  several  recent 
patents  (5,  6,  7)  for  the  use  of  pressure  treatment  with  ammonia  at 
temperatures  ranging  from  200°  to  300°  C. 

Walton  and  Gardiner,  of  this  Bureau,  have  recently  been  granted 
a  patent  {31 )  for  the  production  of  a  fertilizer  containing  a  substan- 
tial percentage  of  peat  in  which  the  insoluble  organic  nitrogen  is  of 
satisfactory  activity.  The  process  comprises  a  preliminary  drying 
and  heating  of  the  peat,  followed  by  incorporation  with  a  hot  melt 
of  monopotassium  phosphate  and  phosphoric  acid,  at  a  temperature 
of  200°  C,  with  a  subsequent  digestion,  cooling,  and  neutrahzation 
with  ammonia. 

Other  investigations  having  a  relation  to  the  present  study  and 
dealing  with  the  effectiveness  of  peat  as  a  fertihzer  include  the  fol- 
lowing references. 

Fertilizer  experiments  {9)  with  millet,  using  raw  peat  as  a  source 
of  nitrogen,  compared  with  other  sources,  showed  approximately  10 
percent  increase  in  yield  of  straw  over  the  soil  check  as  compared 
with  68  percent  for  cottonseed  meal,  71  percent  for  blood,  and  91 
percent  for  ammonium  sulphate.  Peats,  in  both  limed  and  unlimed 
condition,  were  compared  with  stable  manure  in  a  series  of  pot  ex- 
periments with  a  poor  sandy  soil  {11,  p.  172).  It  was  found  that  2.6 
parts  of  nitrogen  in  manure  were  as  efficient  as  100  parts  of  nitro- 
gen in  limed  low-moor  peat.  The  efficiency  of  the  peat  was  some- 
what less  when  Hme  was  not  used. 

Drying  a  peat  at  elevated  temperatures  produced  increasing  amounts 
of  soluble  nitrogen,  according  to  Tacke,  as  cited  by  McCandless  {17), 
who  found  1  percent  of  the  nitrogen  dissolved  at  104°  F.,  6  percent 
at  194°  to  212°,  10  percent  at  !){  atmospheres  pressure,  and  16  per- 
cent at  3  atmospheres  pressure. 

Lipman  and  Wank  {15)  treated  peat  with  sulphuric  acid  and  also 
with  sulphuric  acid  and  steam  under  25  pounds  pressure,  but  the 
product  was  of  practically  no  value  as  a  source  of  available  nitrogen 
when  used  in  a  soil. 

Logvinova  {16)  composted  a  high-moor  peat  with  a  raw  phosphate 
(phosphorit)  and  found  that  25  percent  of  the  total  phosphoric  acid 
was  converted  to  a  water-soluble  form,  whereas  low-moor  peat  did 
not  increase  the  solubility  of  the  phosphate. 
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DECOMPOSITION    OF   PEAT 

METHODS  AND   APPARATUS 

The  course  of  decomposition  of  soil  organic  matter  may  be  fol- 
lowed, with  fair  accuracy,  by  measurement  of  the  rate  and  extent  of 
evolution  of  carbon  dioxide  {28,  p.  124;  ^6,  ^.  294).  Estimation  of 
the  rates  of  formation  of  ammoniacal  and  nitrate  nitrogen  are  also 
useful,  particularly  in  determining  the  changes  in  the  character  of  the 
nitrogen  in  the  material  undergoing  decomposition.  These  methods 
were  employed  in  this  investigation. 

The  samples  of  peat  or  peat  product  used  in  the  series  of  experi- 
ments were  mixed  with  soil  and  allowed  to  decompose  for  a  period  of 
30  days  at  room  temperature.  All  the  samples  were  used  with  the 
same  relative  moisture  content  which  was  50  percent  of  the  water- 
holding  capacity,  a  quantity  determined  separately  for  each  material. 

The  apparatus  used  for  the  collection  and  determination  of  carbon 
dioxide  evolved  by  the  samples  is  essentially  as  has  been  described  by 
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Figure  1.— Diagram  of  apparatus  used  for  the  collection  and  determination  of  carbon  dioxide 
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Heck  {10).  A  single  unit  is  shown  in  figure  1.  These  units  were  set 
up  in  batteries,  abreast,  so  that  a  slow  current  of  air,  freed  from  carbon 
dioxide  by  the  absorbent  towers,  was  drawn  over  a  dozen  samples  at 
one  time.  The  samples  were  placed  in  750  cc  Erlenmeyer  flasks,  and 
the  issuing  air  bubbled  through  a  suitable  quantity  of  0.5  N  sodium 
hydroxide  in  a  250  cc  flask  and  thence  through  a  bead  tower  for 
complete  absorption  of  the  carbon  dioxide. 

Tne  quantities  of  carbon  dioxide  evolved  from  each  sample  for  any 
given  period  were  determined  by  adding  to  the  sodium  hydroxide 
solution  an  excess  of  neutral  barium  chloride  solution  and  titrating 
the  residual  sodium  hydroxide.  All  joints  and  connections  in  the 
apparatus  were  carefully  sealed  with  shellac  or  paraffin  throughout 
each  experiment.  The  aeration  of  the  flasks  containing  the  samples 
was  continuous  for  all  samples  for  the  periods  indicated  and  the 
determinations  of  the  carbon  dioxide  were  made  periodically. 

Nitrogen,  in  the  form  of  nitrate,  was  determined  in  the  soil  and  peat 
mixtures  by  the  use  of  the  zinc-copper  couple  reduction  method, 
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essentially  as  described  by  Scales  (21).  The  method  was  varied 
somewhat,  depending  on  the  quantity  of  nitrate  nitrogen  present. 
In  cases  where  very  small  quantities  of  ammonia  were  evolved  in  the 
reduction,  corresponding  to  small  quantities  of  nitrate,  Nessler's  re- 
agent was  used  to  determine  ammonia,  whereas,  for  larger  quantities, 
titration  was  made  in  boric  acid. 

A  suitable  sample  for  nitrate  determination  was  shaken  up  with 
400  cc  of  water,  using  alumina  cream  as  a  clarifying  agent  for  the 
soluble  organic  matter.  The  mixture  was  allowed  to  stand  for  a 
time,  after  0.5  to  1  cc  of  chloroform  had  been  added  to  prevent  bac- 
terial action  on  the  nitrates.  A  200  cc  aliquot  portion  of  the  filtrate 
was  used  in  the  determination  after  discarding  the  first  50  to  100  cc 
passing  through  the  filter  paper  to  avoid  any  loss  of  nitrate  due  to 
retention  by  the  filter  paper.  This  method  was  quite  satisfactory 
and  appeared  to  be  accurate  within  limits  of  2  to  5  parts  per  million 
of  nitrate  nitrogen,  depending  on  the  quantity  present  and  the  size  of 
sample  used. 

Ammoniacal  nitrogen  in  the  samples  was  determined  by  distillation 
with  magnesia  and  total  nitrogen  by  the  Kjedldahl-Gunning-Arnold 
method  (1).  The  hydrogen-ion  concentration  was  determined  by 
means  of  the  hydrogen  electrode  and  the  results  supplemented  in 
certain  doubtful  cases  by  the  quinhy drone  method. 

PREPARATION   OF  SAMPLES 

Since  it  was  one  of  the  objects  of  the  investigation  to  find  some 
condition  or  treatment  through  which  peat  might  be  induced  to  func- 
tion in  the  soil  as  an  organic  manure,  the  various  kinds  of  peat  were 
investigated  in  the  raw  condition  and  after  various  treatments  as 
indicated  below. 

HAW  CONDITION 

The  samples  used  consisted  of  a  profile  of  saw-grass  peat  from 
Belle  Glade,  Fla.,  previously  described  (8);  sphagnum-moss  peat 
(surface  layer)  obtained  from  South  Lubec,  Maine,  through  the  cour- 
tesy of  A.  P.  Dachnowski-Stokes;  an  imported  sphagnum-moss  peat 
obtained  from  Pennrich  &  Co.;  a  heath  peat  (surface  layer)  from 
Beaufort,  N.C.,  previously  described  (8);  fresh  saw-grass  tops  and 
sweetclover.  All  the  samples  were  air-dried  and  the  peats  were 
ground  to  pass  a  1-mm  mesh  sieve.  The  saw-grass  tops  and  sweet- 
clover  were  cut  up  fairly  fine  instead  of  being  ground.  The  soil  used 
in  the  decomposition  was  the  surface  horizon  of  the  Chester  series, 
as  found  in  the  vicinity  of  Falls  Church,  Va.,  which  had  also  been 
air-dried  and  passed  through  a  2-mm  mesh  sieve.  The  sweetclover 
was  mixed  with  soil  in  the  proportion  of  2  to  150  g  of  soil  and  the 
other  materials  in  the  proportion  of  10  to  150  g  of  soil,  except  where 
otherwise  specified. 

ALCOHOL  AND  ETHER-ALCOHOL    EXTRACTION 

The  surface  layers  of  Florida  saw-grass  peat  and  Maine  sphagnum- 
moss  peat  were  used.  Portions  of  each  (12  g)  were  refluxed  for  5 
hours  with  about  200  cc  of  alcohol,  followed  by  filtering  and  wash- 
ing. The  residues  were  dried,  reground  to  pass  a  1-mm  mesh  sieve, 
and  used  in  the  proportion  of  10  g  of  peat  to  150  g  of  soil  for  the 
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determination  of  the  rate  of  decomposition.  Ether-alcohol  extrac- 
tions were  made  similarly  on  samples  of  the  same  peats.  Filtrates 
were  discarded  in  ail  cases,  only  the  insoluble  residues  being  used  for 
experiment. 

TREATMENT  WITH  WATER 

Saw-grass  peat  was  heated  in  a  high-pressure  autoclave  with  water 
for  6  hours  at  150°  C.  One  hundred  grams  of  peat  were  used  with 
1 ,700  cc  of  water  in  the  heating.  One  gram  of  the  evaporated  material 
was  mixed  with  50  g  of  soil  for  decomposition.  In  preparing  this 
material  an  autoclave  of  cast  iron  was  employed,  as  was  also  the 
case  in  other  heat  treatments  where  larger  quantities  of  material 
were  required  than  could  conveniently  be  prepared  by  the  use  of 
Carius  or  sealed  combustion  tubes. 

ACID  TREATMENT 

Ten-gram  samples  of  sphagnum-moss  peat,  heath  peat,  and  saw- 
grass  peat  were  treated  with  150  cc  of  3  percent  sulphuric  acid.  The 
solutions  were  boiled  for  5  hours  then  filtered  and  the  filtrate  nearly 
neutralized  with  CaO.  The  precipitated  CaS04  was  filtered  out  and 
the  resulting  filtrate  recombined  with  the  insoluble  peat  residue  which 
was  then  completely  neutralized  with  CaO,  evaporated  to  dryness 
and  reground  to  pass  a  1-mm  mesh  sieve. 

Saw-grass  peat  was  treated  with  concentrated  sulphuric  acid  in  the 
cold  and  also  at  the  temperature  of  the  steam  bath  for  approximately 
18  hours.  Sufficient  of  the  concentrated  acid  was  added  to  15-g 
samples  to  moisten  the  entire  mass  thoroughly.  About  7  cc  of  acid 
was  used  in  each  case.  Subsequent  to  digestion  1  sample  of  each 
treatment  was  neutralized  with  lime,  1  with  ammonium  hydroxide, 
and  1  of  each  was  diluted  with  water  and  filtered.  The  residues  in 
the  last  case  were  neutralized  with  a  small  quantity  of  lime.  Each 
sample  was  then  air-dried  and  amounts  corresponding  approximately 
to  10  g  of  the  original  material  were  mixed  with  150  g  of  soil. 

Samples  of  saw-grass  peat  and  sphagnum  peat  were  treated  with 
40  percent  hydrochloric  acid  at  150°  C.  and  at  room  temperature. 
Pyrex  combustion  tubes  of  the  Carius  type  were  used  for  the  high- 
temperature  work.  Samples  of  saw-grass  peat  weighing  2  g  were 
placed  in  pyrex  combustion  tubes  mth  30  cc  of  the  fuming  acid  in 
each  and  sealed.  A  temperature  of  150°  was  maintained  by  means  of 
an  electric  furnace  for  approximately  3  hours.  Sphagnum  peat  was 
treated  similarly  except  that  smaller  samples  had  to  be  used  because 
of  the  bulk  of  the  peat  and  the  necessity  for  as  much  free  circidation  of 
liquid  as  possible. 

In  the  case  of  the  cold  treatment  with  40  percent  hydrocMoric  acid, 
10  g  each  of  saw-grass  peat  and  sphagnum  peat  were  treated  with 
200  cc  of  the  acid  in  a  flask  and  left  stoppered  overnight.  Most 
of  the  strong  acid  was  removed  under  reduced  pressure  and  the 
remainder  evaporated  at  a  temperature  not  exceeding  50°  C.  One 
gram  of  CaO  was  added  to  each  sample,  a  few  cubic  centimeters  of 
water  added,  thoroughly  mixed,  and  again  evaporated  to  dryness. 
Amounts  corresponding  to  3  g  of  the  original  samples  were  used  with 
50  g  of  soil. 

Calcium  bisulphite  solution  was  used  in  a  manner  corresponding 
roughly  to  the  practice  of  the  paper  industry  for  removing  hgnin  in 
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the  manufactiire  of  wood  pulp  (13).  The  solution,  as  made  up,  con- 
tained approximately  4  percent  of  free  sulphur  dioxide  and  1  percent 
of  sulphur  dioxide  combined  with  lime.  Saw-grass  peat  and  sphag- 
num peat  were  treated  with  somewhat  varied  quantities  of  calcium 
bisulphite  solution  in  sealed  combustion  tubes.  The  temperature 
was  130°  to  140°  C.  and  the  time  of  heating  an  average  of  about  4 
hours.  The  solutions  were  filtered  after  heating  and  the  soluble  and 
insoluble  matter  of  each  peat  was  used  separately  on  mixing  with 
soil.     One  to  three  grams  of  material  were  used  with  50  g  of  soil. 

TREATMENT    WITH    BASES 

Lirne  was  added  to  raw  peat  in  the  amount  of  5  percent  CaO  and 
the  mixture  was  mixed  with  the  soil  in  the  proportion  of  10  g  peat  to 
150  grams  of  soU.  The  same  procedure  was  carried  out  with  the  heath 
peat  except  that  9  percent  of  CaO  was  used  because  of  its  more  highly 
acid  condition. 

A  steam  distillation  in  the  presence  of  CaO  was  carried  out  with 
12-g  samples  of  saw-grass  peat  and  sphagnum  peat.  One  gram  of 
CaO  was  used  with  150  cc  of  water  and  the  mixtures  were  distilled  for 
5  hours  after  which  they  were  filtered  and  the  fUtrates  discarded. 
Ten  grams  of  the  insoluble  material  were  used  to  mix  with  150  g 
of  soil. 

A  12-g  sample  of  heath  peat  was  boiled  with  500  cc  water  and  10  cc 
of  concentrated  NH4OH  for  5  hours.  A  second  addition  of  ammonia 
was  made  after  the  odor  of  the  first  portion  had  disappeared.  The 
entire  mixture  was  evaporated  to  dryness  and  10  g  used  with  150  g 
of  soil. 

Other  samples  of  saw-grass  peat  were  treated  with  varying  amounts 
of  CaO  in  a  high-pressure  autoclave  for  3  hours  at  150°  C.  The 
percentages  of  CaO  used,  based  on  the  yields  of  final  products,  were 
5.6,  11.6,  and  25.  One  hundred  and  fifty  grams  of  peat  were  used 
with  2,500  cc  of  water  in  the  heating. 

A  sample  of  saw-grass  peat  was  heated  3  hours  at  150°  C.  in  a 
sealed  pyrex  combustion  tube  with  20  cc  of  20  percent  NaOH  per  gram 
of  peat.  Concentrated  hydrochloric  acid  was  added  to  the  mixture 
after  heating,  with  subsequent  dilution,  and  filtration.  Washing 
was  very  difficult  and  the  residue  was  evaporated  to  dryness,  after 
which  water  was  added  and  the  residue  again  filtered  and  washed. 
This  material  contaiued  considerable  silica  dissolved  from  the  glass 
used  in  the  heating.  Three  grams  of  the  material  were  mixed  with 
50  ff  of  soil.  Solutions  of  3  percent  and  6  percent  NaOH  also  were 
used  on  saw-grass  peat  and  heated  in  pyrex  tubes  for  periods  of  3 
hours  at  150°.  The  amount  of  solution  used  in  each  case  was  20  cc 
per  gram  of  peat.  The  mixtures  were  filtered  after  heating  and  the 
soluble  portions  were  used  in  mixing  with  the  soil  in  the  proportion 
of  1  g  to  50  g  of  soil.  It  was  found  that  40.3  percent  of  the  peat  was 
rendered  soluble  by  3  percent  NaOH  and  74  percent  by  6  percent 
sodium  hydroxide. 

Samples  of  saw-grass  peat  were  heated  with  NH4OH  at  varying 
temperatures,  with  varying  concentrations  and  for  varying  periods  of 
time  both  in  the  autoclave  and  in  the  pyrex  combustion  tubes.  The 
treatment  used  for  the  samples  on  which  the  carbon  dioxide  evolution 
in  son  was  determined,  however,  was  20  cc  of  concentrated  ammonium 
hydroxide  per  gram  of  peat,  heated  6  hours  at  150°  C.     Saw-grass 
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peat  was  also  treated  with  ammonium  hydroxide  and  potassium 
hydroxide. 

The  amount  of  peat  used  was  125  g  with  1,250  cc  of  concentrated 
ammonium  hydroxide,  7  g  of  potassium  hydroxide,  and  1,250  cc  of 
water.  The  final  product  contained  approximately  6  percent 
potassium  hydroxide,  or  5  percent  expressed  as  potassmm  oxide,  on 
the  basis  of  the  weight  of  the  final  product.  Tms  was  mixed  in  the 
proportion  of  1  g  of  peat  material  to  50  g  of  soil. 

A  mixture  of  ammonium  hydroxide,  potassium  oxide,  and  Ten- 
nessee brown-rock  phosphate  was  also  autoclaved  with  saw-grass 
peat  in  a  manner  similar  to  that  described  for  ammonium  hydroxide 
and  potassium  oxide.  The  final  product  contaiued  5.9  percent 
phosphoric  acid  and  2.9  percent  potassium  hydroxide  expressed  as 
potassium  oxide. 

Samples  of  saw-grass  peat,  sphagnum-moss  peat,  and  heath  peat 
were  refluxed  with  Hme  water  for  a  period  of  125  hours.  An  amount 
of  calcium  oxide  was  used  with  20  g  of  peat  in  425  cc  of  water  such  that 
the  final  percentage  of  calcium  oxide  in  the  peat  was  approximately  25. 
Another  set  of  the  samples  were  refluxed  with  a  solution  of  0.15  N 
potassium  hydroxide  for  a  period  of  125  hours.  The  percentage  of 
potassium  hydroxide  in  the  final  product  was  approximately  1.8. 

RESULTS 

The  results  obtauied  by  attempted  fermentation  of  the  samples, 
prepared  as  described,  are  assembled  in  table  1. 

Table  1. — The  decomposition  of  raw  peat  in  soil  and  as  affected  by  various  chemical 

treatments 


SECTION  1 
UNTREATED  (AIR-DRIED  PREVIOUS  TO  USE) 

Description  of 
treatment 

CO, 
evolved 

PH 

Nitrate 
nitrogen 

Ammoniacal 
nitrogen 

Material  used  for 
composts 

Before 
decom- 
position 

After 
30  days 

Before 
decom- 
position 

After 
30  days 

Chester  soil 

Blank,  150  g  of  soil 

Blank,  limed  (150  g  soil 
plus  H  g  CaO). 

Mg  per 

3.95 
186 
642 

10 

7 
11 
20 
20 

9 

•  13 
•20 
"24 

5.5 
7.4 

5.1 

6.35 

5.45 

6.8 

4.85 

4.7 
4.7 
4.8 

Parti  per 
million 
2 

Parts  per 
million 
22 

Parts  per 
million 
48 

Parts  per 
million 
196 

Do 

Florida     saw-grass 

tops. 
Florida  sweetclover. 
Florida     saw-grass 

0-4  inches 

2 

7 

31 
2 
2 

8 
19 

264 

2 
1 
2 

2 
2 

130 
81 
69 

133 
»158 

425 

9 
9 
37 

do 

do 

62 

244 

32  inches 

do 

do 

do 

Cultivated  in  cabbage 
(previous  to  collection 
of  samples). 

Cultivated  in  cabbage 
(previous  to  collection 
of   sample;     no     soil 
added). 

Nn  trpiitnifint 

86-88  inches 

0-4  inches 

Do 

Maine   sphagnum- 
moss  peat. 

Imported      sphag- 
num-moss peat. 

do 

do 

heath  peat. 

» 32  days'  decomposition. 
4486**— 33 2 


1 60  days'  nitrate  accumulation. 
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Table  1. — The  decomposition  of  raw  peat  in  soil  and  as  affected  by  various  chemical 

treatments — Continued 

SECTION  2 
TREATMENT  WITH  ORGANIC  SOLVENTS 


Material  used  for 

Description  of 
treatment 

CO2 
evolved 

PH 

Nitrate 
nitrogen 

Ammoniacal 
nitrogen 

composts 

Before 
decom- 
position 

After 
30  days 

Before 
decom- 
position 

After 
30  days 

Florida    saw-grass 

Extracted  with  alcohol-  - 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Extracted  with  ether  al- 
cohol. 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Extracted  with  alcohol-  - 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Extracted  with  ether  al- 
cohol. 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Mg  per 
9 
38 

4 

30 
4 

30 
20 

15 
6 

5.1 
5.0 
4.85 
4.6 

Parts  per 
million 
21 

Parts  per 
million 

Parts  per 
million 

Parts  per 
million 

peat. 
Do 

170 

Do 

28 

Do 

193 

Maine   sphagnum- 
moss  peat. 
Do 

2 

94 

Do 

2 

Do 

99 

SECTION  3 
TREATMENT  WITH  WATER  AND  ACIDS 


Florida     saw-grass 
peat. 
Do 


Do. 
Do- 
Do. 

Do. 

Do. 

Do. 
Do. 
Do. 


Autoclaved  with  water 
at  150°  C. 

Hydrolyzed  with  boil- 
ing dilute  H2SO4  neu- 
tralized with  CaO. 

Treated  with  concen- 
trated H2SO4  (cold) 
neutralized  with  CaO. 

Treated  with  concen- 
trated H2SO4  (hot) 
neutralized  with  CaO. 

Treated  with  concen- 
trated H2SO4  (cold) 
filtered  and  neutral- 
ized with  CaO. 

Treated  with  concen- 
trated H2SO4  (cold) 
filtered  and  neutral- 
ized with  NH4  OH. 

Treated  with  concen- 
trated H2SO4  (hot) 
filtered  and  neutral- 
ized with  CaO. 

Treated  with  40  percent 
HCl  (cold),  some  CaO 
added  to  residue. 

Treated  with  40  percent 
HCl  at  150°  C.  some 
CaO  added  to  residue. 

Treated  with  Ca(HS03)2 
at  130°  to  140°  C.  in- 
soluble fraction  (68 
percent). 


133 
1187 

118 

111 


313 

185 
18 


5.9 

7.55 

6.15 

6.5 

5.45 

5.15 


7.0 


4.8 


58 
159 


27 


194 
575 


0.  0261 


666 
940 


32  days'  decomposition. 
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Table   1. — The  decomposition  of  raw  peat  in  soil  and  as  affected  by  various  chemical 

treatments — Continued 

SECTION  3— Continued 
TREATMENT  WITH  WATER  AND  ACIDS— Continued 


Material  used  for 
composts 

Description  of 
treatment 

CO, 
evolved 

pH 

Nitrate 
nitrogen 

Ammoniacal 
nitrogen 

Before 
decom- 
position 

After 
30  days 

Before 
decom- 
position 

After 
30  days 

Florida    saw-grass 
peat. 

Maine   sphagnum- 
moss  peat. 

Imported    s  p  h  a  g- 
num-moss  peat. 

Maine   sphagnum- 
moss  peat. 

Do    - 

Treated  with  Ca(HS03)2 
at  130°  to  140°  C.  solu- 
ble fraction   (32  per- 
cent). 

Ilydrolyzed  with  boiling 
dilute  H2SO4,  neutral- 
ized with  CaO. 
do - 

Treated  with  40  percent 
HCl  (cold),  some  CaO 
added  to  residue. 

AUtoclaved  with  40  per- 
cent HCl  (cold)  at  150° 
C,  some  CaO  added 
to  residue. 

Autoclaved     with 
Ca(HS03)2  at  130°  to 
140°  C,  insoluble  frac- 
tion (48  percent). 

Autoclaved     with 
Ca(HS03)2  at  130°  to 
140^  C,  soluble  frac- 
tion (52  percent). 

Hydrolvzed  with  boiling 
dilute  H2SO4,  neutral- 
ized with  CaO. 

Mgper 

1234 

1264 
362 

95 
384 
232 
1153 

5.0 

7.95 

7.95 
6.3 

5.8 
4.9 
5.0 
7.85 

Parts  per 

million 

29 

1 

1 

2 
3 

2 

5 

2 

Parts  per 
million 
40 

2 
2 

9 

3 

6 

87 

Parts  per 
million 

Parts  per 
miUion 

69 
168 

112 
270 

Do 

Do 

North   Carolina 

heath  peat. 

. 

SECTION  4 
TREATMENT  WITH  BASES 


Florida 

peat. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 

Do. 


Raw  peat  with  5  percent 
CaO  added. 

Steam  distilled  with 
CaO  and  filtered. 

Same  sample,  decompo- 
sition continued  for 
second  30-day  i^eriod, 
nutrients  added. 

Refluxed  125  hours  with 
approximately  25  per- 
cent CaO. 

Autoclaved  with  5.6 per- 
cent CaO  at  160°  C. 

Autoclaved  with  11.6 
I»ercent  CaO  at  150°  C. 

Autoclaved  with  25  i^er- 
cent  CaO  at  150°  C. 

Autoclaved  with 
NH4OH  at  150°  C, 
soluble  fraction  (52.8 
percent). 

Autoclaved  with 
NHiOH  at  150°  C, 
whole  sample. 

Autoclaved  with 
NHiOH  and  KOH 
(6.1  percent  KOH). 

Autoclaved  with 
NH4OH,  KOH,  and 
rock  phosphate  (3.6 
percent  KOH,  5.9  per- 
cent PjOj). 

Autoclaved  with  20  per- 
cent NaOH,  precipi- 
tated with  acid,  and 
altered. 


32 


215 

221 
343 
401 
492 

337 
348 
220 

161 


7.3 


7.4 

7.1 

6.5 
7.15 
7.8 
6.1 

6.1 
6.3 
6.6 

6.9 


179 


194 

64 

67 
66 
88 
68 


61 

61 

72 

611 

341 


225 


113 

191 
134 
106 
804 

660 


403 


242 


1 32  days'  decomposition. 
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Table  1. — The  decomposition  of  raw  peat  in  soil  and  a^  affected  by  various  chemical 

treatments — Continued 

SECTION  4— Continued 

TREATMENT  WITH  BASES— Continued 


Material  used  for 
composts 

Description  of 
treatment 

CO2 
evolved 

PH 

Nitrate 
nitrogen 

Ammoniacal 
nitrogen 

Before 
decom- 
position 

After 
30  days 

Before 
decom- 
position 

After 
30  days 

Florida     saw-grass 

Autoclaved  with  3  per- 
cent NaOH  (20  cc  per 
g  of  peat) ;  soluble  frac- 
tion, 40.3  percent. 

Autoclaved  with  6  per- 
cent NaOH  (20  cc  per 
g  of  peat) ;  soluble  frac- 
tion (74  percent) . 

Refluxed  125  hours  with 
9  percent  KOH  (20  cc 
per  g  of  peat) . 

Steam     distilled     with 
CaO  and  filtered. 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Refluxed  125  hours  with 
CaO. 

Refluxed  125  hours  with 
KOH. 

Boiled    with    dilute 
NH4OH. 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Raw  peat  with  9  percent 
CaO  added. 

Same  sample,  decompo- 
sition   continued    for 
second  30-day  period, 
nutrients  added. 

Refluxed  125  hours  with 
CaO. 

Refluxed  125  hours  with 
KOH. 

Autoclaved     with 
NH4OH. 

451 

488 

265 

43 
31 

195 
215 
94 
25 

41 
19 

171 

175 
311 

7.3 
7.6 
7.3 

7.05 

7.9 
7.9 

5.35 

7.15 

7.8 
7.7 

Parts  per 
million 

Parts  per 

million 

57 

47 

57 

Parts  per 
million 

Parts  per 
million 
198 

peat. 
Do... — 

160 

Do 

29 

1 

65 

85 

Maine    sphagnum- 

moss  peat. 
Do 

106 

8 
10 

Do 

2 
2 
4 

52 
57 

60 

Do 

42 

North    Carolina 

heath  peat. 
Do 

209 

Do 

3 

Do... 

212 

35 
14 
24 

Do 

7 
7 

57 
60 
51 

81 

Do 

49 

Sulphite  waste  liq- 

474 

uor. 

The  data  in  table  1,  section  1,  show  that  peat  in  the  raw  condition 
decomposes  very  slowly  in  soil  as  measured  by  carbon  dioxide  evolu- 
tion, when  compared  with  fresh  plant  material  or  when  compared 
with  peat  that  has  been  treated  by  certain  chemical  means  (sees. 
2, 3, 4).  All  decomposition  periods  were  for  30  days  unless  otherwise 
indicated.  Sweetclover  yielded  642  mg  of  carbon  dioxide  per  gram 
of  material  as  compared  with  10  mg  for  the  0-  to  4-inch  layer  of  saw- 
grass  peat  over  a  30-day  period.  It  was  found  possible  greatly  to 
increase  the  latter  value  by  treatment  with  cold  40-percent  HCl, 
autoclaving  with  lime,  and  autoclaving  with  ammonia  when  values 
as  high  as  313  mg,  40i  mg,  and  337  mg,  respectively,  were  recorded 
for  the  same  period  of  time.  All  the  treatments  used  increased  the 
rate  of  decomposition.  Extraction  with  organic  solvents  had  in 
general  the  least  effect,  whereas  autoclaving  at  elevated  temperatures 
with  ammonium  hydroxide  or  lime  had  the  greatest  effect.  Duplicate 
determinations  were  found  to  check  satisfactorily. 

The  acidity  of  the  profile  of  saw-grass  peat  decreases  with  depth, 
and  the  rate  of  decomposition  shows  a  tendency  toward  increasing, 
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but  the  actual  increase  is  small  and  no  particular  significance  can  be 
attached  to  it  in  connection  with  the  present  data.  The  heath  peat 
is  more  acid  than  the  0-  to  4-inch  layer  of  saw-grass  peat  but  gives  off 
24  mg  of  carbon  dioxide  compared  with  10  mg  for  the  saw-grass  peat. 
The  results  on  the  decomposition  of  raw  peat  are  in  general  accord, 
insofar  as  they  are  comparable,  with  those  of  Waksman  and  Purvis 
(30),  who  showed  that  decompositions  of  the  same  order  of  magnitude 
occur  when  peats  are  subjected  to  aerobic  bacterial  fermentation, 
with  or  without  addition  of  nutrients.  The  results  obtained  indicate 
no  appreciable  effect  from  the  presence  of  relatively  large  quantities 
of  a  fertile  soil.  This  is  also  in  agreement  with  field  experience  in  the 
use  of  peat  even  with  addition  of  fertilizers.  (Unpublished  data  on 
golf-green  plots.) 

The  residual  peat  material  after  extraction  with  alcohol,  and  with 
ether-alcohol  (table  1,  sec.  2),  shows  a  somewhat  increased  activity 
in  evolution  of  carbon  dioxide.  This  increase  is  not  of  great  magnitude 
and  is  apparently  temporary  since  continuation  of  the  experiment  for 
a  second  30-day  period,  with  addition  of  mineral  nutrients,  produced 
practically  no  additional  evolution  of  carbon  dioxide.  Shive's  nutrient 
solution  was  employed,  which  consists  of  0.018  gram-molecular  weight 
of  potassium  dihydrogen  phosphate,  0.0052  gram-molecular  weight  of 
calcium  nitrate,  and  0.015  gram-molecular  weight  of  magnesium 
sulphate  per  liter  of  water.  These  results  are  also  in  accord  with  those 
of  Waksman  and  Purvis  (30)  and  probably  indicate  that  the  slow 
rate  of  decomposition  is  owing  to  lack  of  available  organic  matter. 
Similar  lack  of  effect  of  addition  of  nutrients  was  also  found  when  peat 
in  the  raw  condition  w  as  treated  with  lime  and  when  steam  distilled 
in  the  presence  of  lime. 

The  data  presented  in  section  3  of  table  1  offer  several  points  of 
special  interest.  When  peat  is  heated  m  an  autoclave  with  water  at 
150°  C,  a  marked  increase  in  evolution  of  carbon  dioxide  takes  place 
when  the  evaporated  product  is  fermented  with  soil.  A  somewhat 
greater  activity  is  shown  by  saw-grass  and  heath  peat  when  digested 
with  hot  dilute  sulphuric  acid,  with  subsequent  neutralization  by  lime, 
and  a  very  markedly  greater  activity  is  shown  by  sphagnum  peat. 

When  the  saw-grass  and  sphagnum  peats  were  treated  with  40-per- 
cent hydrochloric  acid  in  the  cold,  a  like  increase  in  the  activity  of  the 
neutralized  residue  was  observed,  and  again  this  was  more  marked  for 
the  sphagnum  than  for  the  saw-grass  peat.  Indeed,  the  rate  of 
decomposition  was  the  highest  in  this  case  for  any  of  the  acid  treat- 
ments. For  this  reason  the  content  of  the  reducing  sugars  in  the 
samples  was  determined.  For  the  saw-grass  peat  the  value  was  7.4 
and  for  the  sphagnum  peat  11.9  percent.  The  quantity  for  the  saw- 
grass  peat  corresponds  roughly  to  the  hemicellulose  content,  as 
reported  in  previous  analyses  (8),  but  is  very  much  lower  than  was 
found  for  the  sphagnum  peat.  It  is  obvious  that  acid  hydrolysis, 
whether  by  water  or  by  acids,  is  responsible  for  the  conversion  of 
peat  material  to  fermentable  form.  However,  the  quantity  of  reduc- 
ing sugars  produced  is  neither  c^uantitatively  nor  relatively  sufficient 
to  account  for  the  lai^e  evolution  of  carbon  dioxide  and  the  differ- 
ences shown  by  boiling  sulphuric  and  cold  concentrated  hvdro- 
chloric  acids.  Whether  the  results  are  due  to  increased  availability 
of  cellulose  or  of  protein  matter  is  not  apparent,  though  the  alteration 
of  the  nitrogenous  material  seems  to  indicate  the  latter  possibility. 
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When  the  peat  samples  are  treated  with  either  cold  or  hot  concen- 
trated sulphuric  acid  or  heated  at  150°  C.  with  40-percent  hydro- 
chloric acid,  a  marked  decrease  in  fermentable  activity  is  noted  as 
compared  with  treatment  by  boiling  dilute  acid  or  cold  treatment 
with  40-percent  hydrochloric  acid.  This  is  more  marked  in  the  case 
of  the  hydrochloric  acid.  The  fermentable  material  remaining  is  for 
the  most  part  soluble,  since  the  insoluble  portion  is  still  more  inac- 
tive and  for  the  sulphuric  acid  residue,  at  least,  approaches  the 
inactivity  of  the  raw  peat.  The  apparent  cause  of  this  difference  is 
the  alteration  of  the  decomposable  material  similar  to  the  ''humifi- 
cation"  of  sugars  by  acids. 

Since  calcium  bisulphite  is  used  extensively  in  the  paper  industry 
to  effect  a  separation  of  cellulose  from  lignin,  it  seemed  probable  that 
a  like  procedure  with  peat  might  be  effective  in  making  the  cellulosic 
material  available  for  bacterial  action.  The  results  in  section  3  of 
table  1  indicate  that  the  expected  results  were  obtained.  They  also 
bring  into  sharp  relief  the  marked  difference  in  composition  of  the 
saw-grass  peat  and  the  sphagnum  peat  reported  in  a  previous  publi- 
cation ^  (8).  In  the  sphagnum  peat  the  ligno-humic  complex  is 
approximately  20  percent,  while  in  the  saw-grass  peat  it  averages 
approximately  50  percent.  It  is  also  of  interest  to  note  that  in  the 
saw-grass  peat  the  portion  rendered  soluble  is  active,  while  the  insol- 
uble portion,  after  treatment  with  bisulphite,  is  quite  inactive.  In 
the  case  of  the  sphagnum  peat  the  insoluble  fraction  is  more  active 
than  the  soluble  portion,  both  being  relatively  very  extensively 
decomposed. 

In  table  1,  section  4,  the  data  concern  the  effect  of  treatment  of 
peat  with  bases.  The  addition  of  calcium  oxide  to  the  peat  in  quan- 
tities insufficient  to  leave  an  excess  of  free  calcium  hydroxide  had 
but  small  effect  on  the  rate  of  decomposition.  Steam  distillation 
with  subsequent  filtration  increased  the  rate  of  decomposition  to  a 
somewhat  greater  extent  but  still  not  markedly.  The  addition  of 
Shive's  nutrient  solution  was  not  effective  in  altering  the  rate.  The 
results  indicate  that  steam  distillation  removes  no  toxic  material  and 
that  the  failure  of  the  peat  fermentation  is  not  due  to  a  lack  of  inor- 
ganic food  materials.  When  the  peat  is  refluxed  for  long  periods  in 
the  presence  of  calcium  hydroxide,  very  marked  hydrolysis  is  produced 
as  indicated  by  the  rate  of  fermentation.  The  effect  so  obtained  was 
even  greater  than  when  the  peat  is  heated  with  water  at  150°  C. 
(table  1,  sec.  3).  Autoclaving  the  peat  with  calcium  hydroxide  still 
further  increased  its  rate  of  decomposition  and,  indeed,  to  a  maximum 
greater  than  the  best  acid  hydrolysis  secured.  The  process  of  auto- 
claving with  lime  produced  but  small  amounts  of  carbon  dioxide  from 
the  peat,  as  is  shown  by  the  fact  that  even  when  25  percent  calcium 
oxide  was  used  the  carbon  dioxide  present  in  the  dry  product  was  but 
3.5  percent. 

In  this  case  the  pH  value  of  the  product  was  11.4.  Nevertheless, 
but  little  free  hydroxide  was  present,  since  at  the  end  of  the  fermenta- 
tion period  the  pH  value  of  the  peat  and  soil  mixture  was  7.8  and  the 
carbon  dioxide  was  0.08  percent,  which  corresponds  to  approximately 
4  percent  of  the  weight  of  the  peat.  It  is  therefore  clear  that  no 
appreciable  error  in  the  estimation  of  the  rate  of  decomposition  is  due 
to  either  retention  or  evolution  of  carbon  dioxide  by  the  added  lime. 
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The  various  samples  of  peat  were  also  refluxed  for  125  hours  with  9 
percent  potassium  hydroxide  solution  with  the  result  that  the  rate  of 
decomposition  of  dry  material  produced  was  fairly  rapid  and  approxi- 
mately the  same  as  by  similar  treatment  with  calcium  hydroxide. 

Wlien  saw-grass  peat  was  heated  with  a  20  percent  solution  of  so- 
dium hydroxide,  the  residual  material,  after  precipitation  with  acid 
and  washing,  had  a  rate  of  decomposition  somewhat  less  than  the 
product  resulting  from  refluxing  with  lime  water.  Since  soluble  so- 
dium salts  were  removed  by  the  wasliing  process,  it  may  be  assumed 
that  the  more  easily  decomposable  material  was  lost.  The  peat  was 
therefore  treated  with  3  and  6  percent  solutions  of  sodium  hydroxide 
and  heated  at  150°  C.  for  3  hours.  This  product  was  then  leached 
with  water  and  the  soluble  material  obtained  by  evaporation.  The 
rate  of  decomposition  of  this  material  was  very  rapid  and  in  the  6  per- 
cent treatment  involved  the  greater  part  of  the  peat  since  74.0  percent 
was  rendered  soluble  by  tliis  treatment. 

The  treatment  of  peat  with  ammonium  hydroxide  at  the  boiling 
temperature  had  but  relatively  little  effect  upon  its  rate  of  decomposi- 
tion but  when  the  peat  was  heated  in  a  sealed  tube,  at  150°  C,  with 
an  excess  of  ammonium  hydroxide  the  dried  residue  showed  an  ac- 
tivity in  soil  in  excess  of  any  other  material  produced  except  that 
treated  with  25  percent  of  calcium  oxide.  The  portion  of  this  ma- 
terial soluble  in  water  had  a  rate  of  decomposition  of  the  same  order 
as  the  soluble  portion  obtained  by  treatment  with  6  percent  sodium 
hydroxide. 

Examination  of  tliis  sample  showed  it  to  contain  8.44  percent  of 
nitrogen  while  the  original  sample  contained  but  3.88  percent.     The 

Screen tage  of  nitrogen  in  the  soluble  portion  was  11.51  percent, 
[evertheless,  only  about  26  percent  of  this  nitrogen  was  present  in 
the  form  of  ammonium  salts,  as  shown  by  distillation  with  magnesium 
oxide.  A  special  study  of  tliis  material  and  combinations  of  it  with 
other  materials  was  therefore  made.  The  details  are  given  on  page 
17  et  seq. 

The  fermentation  rate  of  two  of  these  products  is  included  in  table  1. 
These  are  the  reaction  products  obtained  by  autoclaving  peat  with 
potassium  hydroxide  and  ammonia  and  with  these  and  rock  phos- 
phate. Also  included  in  section  4  of  the  table  is  the  result  on  the  rate 
of  decomposition  of  waste  sulphite  extract.  This  raw  material  is  ex- 
tremely resistant  to  bacterial  decay.  When  digested  with  ammo- 
nium hydroxide  it  develops  an  activity  comparable  to  that  of  peat 
treated  with  ammonia.  This  is  particularly  interesting  as  pointing 
to  a  possible  utilization  of  this  waste  product. 

In  the  series  of  treatments  with  bases  the  same  general  relations 
found  with  acid  treatment  are  repeated.  The  increased  activity  is 
the  result  of  hydrolysis.  To  what  extent  the  fermentation  affects  the 
Ugninlike,  cellulosic,  or  nitrogenous  material  has  not  been  ascertained. 
In  general  the  soluble  material  is  more  active  and  the  increased  ac- 
tivity might  therefore  be  ascribed  to  the  decomposition  of  the  salts 
of  acidic  decomposition  products  of  the  peat.  Whether  this  is  the 
case  with  the  materials  produced  in  the  presence  of  calcium  hydrox- 
ide is  not  clear,  since  the  hydrolytic  products  are  relatively  insoluble. 
A  minor  consideration  in  this  connection  is  the  possibility  that  a  por- 
tion of  the  carbon  dioxide  evolution  results  from  a  stimulation  of 
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activity  on  the  part  of  the  soil  organic  matter  ^  by  reason  of  the  addi- 
tion of  rapidly  decomposing  organic  matter.  This  seems  of  little 
significance  in  comparison  with  the  activity  of  the  plant  material 
(saw-grass  tops)  formiag  a  part  of  the  source  of  the  saw-grass  peat 
and  with  sweetclover  when  these  react  in  the  soil  mider  like  condi- 
tions. Figure  2  gives  a  graphic  illustration  of  the  relative  rates  of 
decomposition  of  some  of  these  materials. 

Table  1  also  presents  the  pH  values  of  the  mixtures  of  peat  and  soil 
after  the  various  carbon  dioxide  evolution  periods.  There  seems  to  be 
no  causal  relation  between  these  values  and  rates  of  evolution  of  car- 
bon dioxide.  Also,  in  table  1 ,  are  included  those  determinations  which 
were  made  of  the  nitrogen  present  as  nitrates  or  as  ammonia  before 
and  after  each  period  of  fermentation.  In  general,  it  may  be  seen 
that  in  the  case  of  raw  peats  or  when  the  treatment  used  had  little 
effect  on  the  rate  of  decomposition  there  was  a  tendency  toward 
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Figure  2.— Effect  of  various  treatments  on  the  rates  of  decomposition  of  peat  as  compared  with  the  rate 

for  sweetclover. 

increase  of  nitrates.  In  the  cases  where  the  rate  of  decomposition  is 
relatively  rapid  the  results  are  not  consistent.  In  a  few  cases  there 
is  a  considerable  increase;  in  the  greater  number  of  cases  there  is  either 
no  increase  or  it  is  very  small.  Moreover,  there  occurred  an  increase 
in  nitrate  content  of  the  soil  blanks.  These  facts  make  any  definite 
conclusions  impossible.  It  is  also  impossible  to  draw  any  definite 
inferences  from  the  alteration  of  the  ammonia  content.  In  general, 
however,  the  treatments  which  resulted  in  relatively  rapid  decomposi- 
tion also  resulted  in  an  increase  of  ammonia  content  before  decom- 
position and  a  further  increase  as  the  decomposition  proceeded. 

The  effect  of  various  basic  treatments  of  peat  on  the  reaction  of  the 
resulting  products,  as  determined  by  the  hydrogen  electrode,  is  given 
in  table  2.  The  samples  indicated  in  the  table  were  taken  from  the 
same  samples  treated  as  previously  described,  and  no  further  descrip- 

2  The  soil  contained  2.4  percent  organic  matter  by  the  hydrogen-peroxide  method. 
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tion  is  necessary.  It  will  be  seen  that  when  saw-grass  peat  is  auto- 
claved  with  ammonium  hydroxide  present,  even  with  5.1  percent 
potassium  hydroxide  and  an  excess  of  ammonium  hydroxide,  the 
product  is  still  slightly  on  the  acid  side  with  a  pH  of  6.8  for  the  latter. 

Table  2. — Effect  of  various  treatments  on  the  reaction  of  peat 


Type 

Treatment 

pH 

5.30 

Do 

Autoclaved  with  water 

5.10 

Do 

Autoclaved  with  NH4OH                                  

6.15 

Do                            

Autoclaved  with  NHiOH+S.l  percent  KOH 

6.80 

Do-.. 

Autoclaved  with  NU40n+3.5  percent  KOH+17.4  percent 
rock  phosphate. 

6.85 

Do 

6.70 

Do 

Autoclavetl  with  11.6  percent  CaO          

7.80 

Do 

Autoclaved  with  25  percent  CaO                                       

11.40 

Do 

Refluxed  125  hours  with  25  percent  CaO 

10.40 

Do 

Refluxed  125  hours  with  9  percent  KOH 

8.20 

North  Carolina  heath  peat 

Do 

^one                                                                                   

4.00 

Refluxed  125  hours  with  25  percent  CaO 

9.15 

Do 

Refluxed  125  hours  with  9  percent  KOH 

8.00 

Maine  sphagnum-moss  peat 

Do 

None                                                                                     

4.00 

Refluxed  125  hours  with  25  percent  CaO 

8.35 

Do 

Refluxed  125  hours  with  9  percent  KOH 

8.60 

Similarly,  the  same  peat  autoclaved  with  5.6  percent  calcium  oxide 
has  a  pH  of  6.7  and  does  not  become  basic,  with  a  pH  of  7.8  until  11.6 
percent  lime  has  been  used  in  the  autoclaving.  The  use  of  25  percent 
calcium  oxide  results  in  a  product  having  a  pH  of  11.4.  This  sample 
contains  3.5  percent  carbon  dioxide  which,  calculated  to  the  carbonate, 
is  equivalent  to  7.95  percent.  Refluxing  for  a  period  of  125  hours  with 
the  same  quantity  of  hme  has  approximately  the  same  effect  on  the 
final  pH  as  does  autoclaving  3  hours  at  150°  C.  The  extent  to  which 
peat  will  take  up  lime  has  been  shown  previously  by  Schneider  and 
Schellenberg  (24),  who  found  over  20  percent  of  calcium  salts  soluble 
in  5  N  HCl  after  autoclaving  a  sample  of  peat  with  milk  of  lime  from 
2  to  4  hours  at  180°. 

The  heath  and  sphagnum-moss  peats  apparently  have  a  greater 
capacity  for  hme  than  has  the  saw-grass  peat.  This  is  as  should  be 
expected,  since  they  are  more  acid.  Their  respective  values  for  pH 
are  9.15  and  9.35  when  refluxed  with  25  percent  calcium  oxide  for 

125  hours. 

AMMONIATED   PEAT 


PREPARATION  OF  MATERIAL 


Certain  features  of  the  reaction  between  peat  and  ammonium 
hydroxide  and  of  the  behavior  of  the  product  were  of  such  interest  as 
to  warrant  a  detailed  study.  The  nitrogen  content  of  the  residual 
product  was  from  twofold  to  tenfold  over  that  of  the  raw  peat.  The 
mcreased  nitrogen  was  found  to  be  contained  for  the  most  part  in  the 
portion  of  the  peat  rendered  soluble  by  the  reaction.  The  residue  was 
capable  of  active  and  extensive  decomposition  in  the  soil.  The  in- 
creased nitrogen  content  was  not,  for  the  most  part,  present  in  the 
residue  as  ammonium  salts  since  it  was  not  removed  by  distillation 
with  magnesium  oxide.  The  dried  residue  was  a  black,  brittle  solid, 
readily  converted  to  a  powder.  These  properties  of  the  material 
indicate  that  peat  might  be  converted  into  a  nitrogenous  organic 
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fertilizer  and  indeed,  by  proper  admixture  of  inorganic  salts,  into  a 
complete  fertilizer.  If  these  objectives  can  be  attained  at  reasonable 
cost,  increased  utilization  of  our  vast  resources  in  peat  would  result. 

The  incorporation  of  ammonia  with  organic  matter  as  a  means  of 
producing  fertilizers  is  not  novel. 

Dragunov  (4)  studied  the  extraction  of  humic  acid  from  peat  by 
sodium  and  ammonium  hydroxides  of  different  strengths.  By  the 
use  of  10  percent  ammonia  at  90°  C,  31.2  percent  of  humic  acid  was 
obtained  which  contained  6.31  percent  nitrogen. 

Certain  patents  have  recently  been  granted  relative  to  the  produc- 
tion of  fertilizers  from  peat  and  other  plant  materials  resulting  from 
action  of  ammonia  at  high  temperatures  and  pressures.  Carbohy- 
drates of  plant  origin  (wood  sugar,  cellulose,  etc.)  (7)  may  be  heated 
with  ammonia  under  pressure  at  300°  C,  and  it  is  claimed  that  prod- 
ucts are  obtained  which  contain  up  to  20  percent  nitrogen.  When 
lignin  is  heated  under  these  conditions  the  product  contains  10  percent 
nitrogen.     The  time  required  is  about  30  minutes. 

According  to  a  patent  granted  to  Ehrenberg  and  Heimann  (5) 
materials  such  as  coal  and  peat  are  converted  to  fertilizers  by  pressure 
oxidation  at  a  temperature  of  200°  to  250°  C,  using  oxygen  and 
ammonia.  A  statement  is  made  that  the  body  of  chemically  bound 
ammonia  is  equivalent  to  the  free  organic  acids  present  or  produced 
by  the  oxidation  and  that  up  to  6  percent  nitrogen  may  be  obtained 
in  the  form  of  ammonia.  A  later  patent  (6)  describes  a  process 
whereby  the  nitrogen  content  of  treated  peat  may  reach  15  percent. 
Peat  is  first  subjected  to  a  partial  ''wet  carbonization"  followed  by  a 
pressure  oxidation  with  ammonia,  as  described  above,  aided  by  posi- 
tive catalyzers,  such  as  alkali,  alkaline  earth,  or  heavy  metal  salts. 
Oxides,  hydroxides,  and  carbonate  are  said  to  be  negative  catalyzers. 

QUANTITY  OF  NITROGEN  ABSORBED 

The  quantity  of  nitrogen  absorbed  by  peat  and  certain  related 
materials,  under  varied  conditions,  is  given  in  tables  3  to  7.  The 
materials  (usually  2  grams)  were  placed  in  pyrex  combustion  tubes 
of  the  Carius  type,  together  with  the  proper  quantity  of  ammonium 
hydroxide  solution.  The  sealed  tubes  were  placed  in  an  electrically 
heated  Carius  furnace,  brought  slowly  to  the  required  temperature, 
and  held,  under  pyrometric  control,  for  the  periods  indicated.  At  the 
end  of  the  heating  period  the  tubes  were  cooled  and  opened.  The 
contents  were  evaporated  to  dryness  on  a  steam  bath  except  when  the 
material  was  filtered  through  a  Pasteur-Chamberland  filter,  and  the 
filtrate  and  insoluble  portions  dried  separately.  In  these  cases  the 
insoluble  residue  could  be  given  a  second  or  third  treatment. 

The  effect  of  heating  with  aqueous  ammonia  for  3 -hour  periods  at 
150°  C.  was  determined  with  sphagnum-moss  peat,  heath  peat,  saw- 
grass  peat,  Hgnin  from  corncobs,  sulphite  waste  liquor  from  wood 
pulp,  and  on  organic  matter  from  Marshall  silt  loam  soil.  The  lignin 
used  was  furnished  by  Max  Phillips,  of  this  Bureau,  and  the  sulphite 
waste  liquor  by  H.  K.  Benson,  of  the  University  of  Washington.  The 
lignin  and  sulphite  waste  were  given  but  one  digestion  with  ammonium 
hydroxide.  The  insoluble  residue  in  these  was  so  small  as  to  make 
further  digestion  impractical.  In  the  case  of  the  organic  matter  from 
the  Marshall  soil  and  of  the  heath  and  saw-grass  peats,  the  insoluble 
residue  was  heated  a  second  time.    In  the  case  of  the  sphagnum-moss 
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peat  the  material  was  heated  a  third  time  since  the  appearance  of  the 
mass  after  the  first  heat  treatments  was  such  as  to  indicate  incom- 
plete reaction,  it  being  still  somewhat  fibrous. 

The  results  of  these  treatments  are  given  in  table  3,  wherein  the 
absorption  of  considerable  quantities  of  nitrogen  is  shown  by  aU  the 
materials  treated.  The  largest  total  nitrogen,  as  well  as  the  largest 
content  of  nitrogen  in  both  the  soluble  and  insoluble  material,  is 
shown  b^  the  saw-grass  peat,  but  the  largest  relative  increase  com- 
pared with  the  nitrogen  content  of  the  raw  peat  is  shown  by  the 
sphagnum-moss  peat.  The  smallest  content  of  nitrogen  is  shown  by 
the  sample  of  lignin.  The  ammoniacal  nitrogen  of  the  soluble  frac- 
tions ^  amounts  to  approximately  30  percent  of  the  total  nitrogen 
present  in  this  fraction.  Only  traces  of  ammoniacal  nitrogen  are 
found  in  the  insoluble  portion.  The  absolute  quantities  of  absorbed 
nitrogen  shown  by  the  lignin  and  the  Ugninlike  waste  liquor  residues 
indicate  that  apparently  the  most  effective  absorbent  fraction  in  peat 
is  not  its  lignin  content,  also  that  this  fraction  of  peat  does  function  in 
this  manner.  The  organic  matter  from  the  Marshall  soil  reacts  in  a 
manner  similar  to  peat.  No  definite  relation  exists  between  the  nitro- 
gen content  of  the  original  materials  and  the  amount  of  increased 
absorption. 

Table  3. — The  effect  of  NH^OH  at  150°  C.  on  various  organic  materials 


Material 


Maine  sphapmum-moss  peat," 
0.60  percent  N 

North  Carolina  heath  peat,  1.97 
percent  N 

Florida  saw-grass  peat,  3.88  per- 
cent N 

Lignin  from  corncobs,  0.94  per- 
cent N 

Sulphite  waste  liquor,*  0.06  per- 
cent N - 

Organic  matter  from  Marshall 
soil,  2.77  percent  extracted  by 
NH4OH  containing  7.1  per- 
cent ash 


Soluble 
material 


Percent 
52.2 

45.4 

52.8 

86.2 

(3) 


Total  nitrogen 


Soluble 
fraction 


Percent 
9.39 

9.96 

11.83 

3.55 

5.12 

10.75 


Insoluble 
fraction 


Percent 
2.95 

5.11 

5.40 

1.84 


Ammoni- 
acal ni- 
trogen, 
soluble 
fraction 


Percent 
3.08 

2.68 

3.24 

1.30 

1.86 

3.28 


Total 
nitrogen 
of  whole 

saraple 


Percent 
6.38 

7.56 

8.74 

3.31 

5.12 


Nitrogen 
added  by 
reaction 


Percent 

5.78 

6.59 
4.87 
2.37 
5.06 


Increase 
in  nitro- 
gen con- 
tent over 
original 
content 


Percent 
963 

284 

126 

262 

844 


»  3  treatments  with  NH4OH. 


» 1  treatment  with  NH4OH.  »  Almost  entirely  soluble. 


These  results  are  in  general  accord  with  those  obtained  by  Davis 
and  Scholl  on  treatment  of  peat  with  liquid  ammonia,  as  privately 
communicated,  although  the  peats  treated  by  them  were  not  the  sanie 
and  there  were  wide  differences  in  the  temperatures  employed  and  in 
the  time  of  treatment. 

EFFECT  OF  CONCENTRATION  OF  AMMONIUM   HYDROXIDE 

The  effect  of  increasing  the  concentration  of  the  ammonium  hydrox- 
ide upon  the  absorption  of  nitrogen  is  indicated  in  the  results  given 
in  table  4.  A  constant  quantity  of  solution  was  used,  20  cc  per  gram 
of  air-dry  peat;  the  concentration  of  the  solution  was  varied  from 
0.6  to  26.9  percent  ammonia.  The  conditions  of  heating  were  con- 
stant, being  150°  C.  for  3  hours. 

»  The  fraction  rendered  soluble  in  ammonium  hydroxide  by  the  reaction  is,  however,  only  partly  soluble 
in  water  after  evaporation  to  dryness. 
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Table  4.- 


-Effect  of  varying  concentrations  of  ammonia  on  the  reaction  with  saW' 
grass  peat  at  150°  C.  for  3  hours 


Concentra- 

Concentra- 

tion of  NHs 

Total 
nitrogen 

Ammoni- 

tion  of  NH3 

Total 
nitrogen 

Ammoni- 

(20  CO  solu- 
tion per  g 

acal  nitro- 
gen 

(20  cc  solu- 
tion per  g 

acal  nitro- 
gen 

of  peat) 

of  peat) 

Percent 

Percent 

NHz 

Percent 

Percent 

NHi 

Percent 

Percent 

10.0 

3.88 

0.01 

6.2 

7.72 

1.97 

.6 

6.33 

1.12 

9.6 

7.58 

1.42 

1.2 

6.74 

1.26 

12.7 

8.03 

1.53 

3.1 

7.26 

1.41 

19.6 

8.28 

1.36 

4.3 

7.51 

1.64 

26.9 

8.27 

1.56 

1  Original  material  with  no  treatment. 

The  total  nitrogen  content  increased  with  a  fair  degree  of  regu- 
larity corresponding  to  increases  in  concentration  of  ammonia.  It  is 
to  be  expected,  therefore,  that  liquid  ammonia  would  increase  the 
nitrogen  content  further.  The  results  of  Davis  and  Scholl  indicate 
that  this  is  true,  although  different  types  of  peat  were  used. 

The  values  for  ammoniacal  nitrogen  (distilled  with  magnesia)  fluc- 
tuate somewhat  but  are  sufficiently  constant  in  table  4  (as  well  as  in 
tables  5,  6,  and  7)  to  indicate  that  a  fairly  definite  and  constant  quan- 
tity of  acid  was  neutrahzed  regardless  of  the  variable  conditions 
imposed  on  the  reaction. 

EFFECT  OF  VOLUME  OF  AMMONIUM   HYDROXIDE 

Table  5  shows  the  effect  of  varying  quantities  of  concentrated 
ammonium  hydroxide  (26.9  percent  ammonia)  on  saw-grass  peat  at 
150°  C.  The  insoluble  residues  after  heating  for  a  period  of  3  hours 
were  treated  for  a  second  period  of  3  hours  at  the  same  temperature, 
as  indicated  in  the  table,  in  order  to  determine  the  effect  of  removing 
the  preliminary  products  of  solution. 

Table  5. — Effect  of  quantity  of  solution  on  reaction  of  ammonia  with  saw-grass 

peat  at  150°  C. 


Quantity  of 
concentrated 

Soluble  matter » 

Insoluble 
matter 

Total 
material 
after  re- 
action 

Total  nitrogen 

Ammoni- 
acal nitro- 
gen 

NH4OH  solu- 
tion per  gram 
of  air-dry  peat 

First 

treatment 

3  hours  at 

150°  C. 

Second 
treatment 
3  hours  at 

150°  C. 

Total 

Soluble 
fractions 
combined 

Insoluble 
fractions 

Whole 
sample 

Soluble 
fractions 
combined 

5CC-. - 

10  cc 

Percent 
38.8 
41.2 
44.8 

Percent 
8.1 
8.6 
8.0 

Percent 
46.9 
49.8 
52.8 

Percent 
45.0 
46.7 

48.7 

Percent 
91.9 
96.5 
101.5 

Percent 
11.85 
12.16 
11.83 

Percent 
5.31 
5.24 
5.40 

Percent 

8.65 
8.81 
8.74 

Percent 
3.52 
3.46 

20  CC -. 

3.24 

I  All  percentages  based  on  oven-dry  material. 

The  use  of  larger  quantities  of  solution  per  gram  of  peat  resulted  in  a 
greater  percentage  of  peat  being  dissolved  by  the  first  treatment  with 
ammonium  hydroxide.  The  quantity  dissolved  by  the  second  treat- 
ment was,  however,  practically  the  same  in  each  case.  It  is  interesting 
to  note  that  the  percentages  of  final  insoluble  residues  also  increase 
with  increase  in  the  volume  of  the  ammonium  hydroxide.  It  must  be 
assumed  that  there  is  a  greater  loss  of  material  by  formation  of 
volatile  products  when  smaller  quantities  of  liquid  are  present  in  the 
reaction  tube,  which  loss  decreases  the  total  residue.  The  extent  of 
this  loss  is  shown  by  the  summation  of  soluble  and  insoluble  fractions 
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and  amounts  to  as  much  as  8.1  percent  in  the  case  of  the  smallest 
quantity  of  solution. 

The  total  nitrogen  content  of  the  insoluble  fraction  and  of  the 
combined  soluble  fractions  is  practically  constant  for  all  tliree  con- 
ditions. The  total  nitrogen  content  of  the  samples  likewise  shows  no 
definite  trend  and  may  be  considered  as  constant  over  the  range  of 
variation  in  quantity  of  ammoniacal  solution  used. 

The  net  effect,  therefore,  of  varying  the  volume  of  solution  under  the 
conditions  of  the  study,  seems  to  be,  primarily,  of  a  corresponding 
variation  of  the  yield  of  final  product.  The  quantitative  character  of 
the  product  with  respect  to  total  and  ammoniacal  nitrogen  is  essen- 
tially constant. 

EFFECT  OF  TIME   AND   TEMPERATURE  OF  HEATING 

The  effect  of  time  of  heating  with  concentrated  ammonium  hy- 
droxide was  determined  by  varying  the  time  from  1  to  36  hours.  The 
temperature  employed  was  150°  C.  and  was  held  constant.  The 
results  given  in  table  6  indicate  that  the  solubility  increases  with  time 
up  to  a  period  of  3  hours  then  remains  fairly  constant  until  a  period  of 
18  hours  is  reached,  when  another  increase  is  apparent.  The  insoluble 
fraction,  on  the  other  hand,  progressively  decreases  from  1  hour 
heating  to  36  hours  heating.  The  difference  between  the  sum  of  the 
soluble  and  insoluble  matter  and  100  percent  may  be  accounted  for  by 
assuming  that  prolonged  heating  causes  an  increasing  formation  of 
volatile  substances  which  are  lost  on  drying  the  reaction  imxture. 
The  gain  in  weight  up  to  2  hours  heating  may  be  explained  on  the  basis 
of  addition  products  with  ammonia,  but  with  longer  heat  the  loss  by 
volatilization  exceeds  the  gain  resulting  from  the  formation  of 
addition  products. 

Table  6. — Effect  of  time  of  heating  on  reaction  of  concentrated  ammonia  with  saw- 
grass  peat  at  150°  C. 


Period  of  heating 
(hours) 

Soluble 
matter 

Insoluble 
matter 

Total 

Total  nitro- 
gen, soluble 
fraction 

Ammoni- 
acal nitro- 
gen, soluble 
fraction 

Total  nitrogen 

Insoluble 
fraction 

Whole 
sample 

1 

Percent 
35.5 
38.2 
44.8 
44.8 
44.2 
48.3 
48.1 

Percent 
67.7 
63.0 
54.3 
64.1 
63.8 
61.1 
48.7 

Percent 
103.2 
101.2 
99.1 
98.9 
98.0 
99.4 
96.8 

Percent 
11.21 
12.72 
12.08 
12.79 
12.33 
12.61 
12.61 

Percent 
3.12 
3.46 
3.44 
3.71 
3.67 
3.77 
3.62 

Percent 
4.34 
4.96 
6.11 
6.19 
4.96 
6.26 
5.62 

Percent 
6.71 

2 

7.89 

3 

8.27 

6 

8.63 

9 

8.29 

18 

8.84 

36 

9.05 

There  is  no  significant  trend  in  the  values  for  total  nitrogen  nor  for 
ammoniacal  nitrogen  in  the  soluble  fraction  after  a  period  of  1  hour's 
heating.  There  is  a  gradual  increase,  however,  in  the  insoluble 
nitrogen  as  heating  is  continued  with  a  corresponding  increase  in  the 
total  nitrogen  of  the  entire  sample. 

The  effect  of  3  hours'  heating  with  20  cc  of  ammonium  hydroxide 
per  gram  of  peat  at  varying  temperatures  from  100°  to  225°  C.  is 
shown  in  table  7.  As  the  temperature  is  increased  the  total  nitrogen 
increases  fairly  regularly.  The  ammoniacal  nitrogen  tends  to  increase 
up  to  a  temperature  of  150°,  after  which  there  is  a  decrease  with  in- 
creasing temperature,  possibly  because  the  higher  temperatures 
either  tend  to  decompose  the  ammonium  salts  formed  or  do  not  per- 
mit them  to  form. 
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Table  7, — Effect  of  varying  temperatures  on  the  reaction  of  ammonia  with  saw-grass 

peat  at  150°  C,  3  hours 

[20  cc  of  concentrated  ammonia  per  gram  of  peat] 


Temper- 
ature 
(°C.) 

Total 
nitrogen 

Ammoni- 
cal  nitro- 
gen 

Temper- 
ature 
(°C.) 

Total 
nitrogen 

Ammoni- 
cal  nitro- 
gen 

100 
125 
150 

Percent 
7.14 
7.78 
8.27 

Percent 
1.22 
1.18 
1.56 

157 

200 

1225 

Percent 
8.80 
8.83 
9.04 

Percent 
1.06 

.87 
.99 

1  1:1  concentration  of  ammonia. 
POT   EXPERIMENTS   WITH   TREATED   SAW-GRASS   PEAT   AS   A   FERTIUZER 

It  seemed  desirable  to  determine  the  degree  to  which  plants  would 
be  able  to  utilize  the  elements  essential  to  their  nutrition  in  the  treated 
saw-grass  peat.  Accordingly,  the  peat  was  used  as  autoclaved  at 
150°  C.  with  ammonium  hydroxide  and  potassium  hydroxide;  with 
ammonium  hydroxide,  potassium  hydroxide,  and  rock  phosphate, 
5.6  percent  calcium  oxide  and  11.6  percent  calcium  oxide.  Raw  peat 
was  also  used. 

Quartz  sand  in  gallon  pots  was  used  for  the  experiment  and  millet 
plants  were  grown.  The  experiment  was  divided  into  three  parts, 
namely,  a  series  in  which  nitrogen  was  either  lacking  or  was  a  variable, 
a  series  in  which  phosphate  was  a  determining  element,  and  a  series 
in  which  potash  was  the  variable. 

The  basic  fertilization  per  pot  in  the  nitrogen  series  was  as  foUows: 
0.18  g  K  as  KCl,  0.12  g  Ca  as  CaCls,  0.05  g  Mg  as  MgS04.7H20, 
0.0035  g  Fe  as  ferric  tartrate,  0.0035  g  Mn  as  MnS04.2H20,  and  0.15 
g  P2O5  as  CaH4(P04)2.1  H2O. 

Sodium  nitrate  was  used  as  a  source  of  nitrogen  as  compared  with 
nitrogen  from  dried  blood  and  treated  saw-grass  peat.  The  check 
pots  contained  quantities  of  sodium  nitrate  varying  from  none  to  an 
amount  equivalent  to  0.16  g  of  nitrogen  per  pot.  Dried  blood,  con- 
taining 13.89  percent  N,  was  used  in  an  amount  equivalent  to  0.10  g 
of  nitrogen  per  pot.  The  treated  saw-grass  peat  was  similarly  used 
in  varying  amounts,  as  indicated  in  table  8. 


Table  8. 


-Data  on  pot  experiments  with  millet  grown  in  sand,   peat  and  other 
fertilizing  materials  being  used 


NITROGEN  EXPERIMENT 


Treatment 


pH  of  soil 
(colori- 
metric) 


0  nitrogen 

0.04  g  N  as  NaNOs 

0.08g  N  as  NaNOs 

0.16  g  N  as  NaNOs 

O.lOg  N  as  dried  blood 

0.16  g  N  as  peat  autoclaved  with  NH4OH 

0.32  g  N  as  peat  autoclaved  with  NH4OH 

0.16  g  N  as  peat  autoclaved  with  NH4OH+KOH 

0.16  g  N  as  peat  autoclaved  with  NH40H4-KOH+rock  phosphate 

0.16  g  N  as  peat  autoclaved  with  5.6  percent  CaO. 

0.16  g  N  as  peat  autoclaved  with  11.6  percent  CaO 

0.16  g  N  as  raw  untreated  peat --. 


1  Koots  not  included. 
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Table  8. — Data  on  pot  experiments  with  millet  grown  in  sand,  peat  and  other 
fertilizing  materials  being  used — Continued 


PHOSPHATE  EXPERIMENT! 


Treatment 


pH  of  soil 
(colori- 
metric) 


OPjOs - - 

0.05gPiO5asCaH4(PO4)j.HsO -. 

0.10gP»OjasCaH4(PO4)j.HjO 

0.05  g  PjOj  as  peat  autoclaved  with  NH40H+KOH+rock  phosphate. . 
0.10  g  PjOs  as  peat  autoclaved  with  NH40H+KOH+rock  phosphate. . 
0.05  g  PjOj  as  raw  phosphate  rock 

POTASH  EXPERIMENT  » 

OKiO - 

0.08g  KjO  as  KjS04 — . 

0.16g  K20asK2S04 - - 

0.08  g  K2O  as  peat  autoclaved  with  NH4OH+KOH 

0.08  g  K2O  as  peat  autoclaved  with  NH40H+KOH+rock  phosphate 


5.5 
5.0 
6.3 
5.3 
5.5 
6.5 


6.2 
4.7 

4.8 
6.6 
6.5 


>  Roots  not  included. 

» 0.16  g  N  added  to  basic  fertilization,  half  as  ammonium  sulphate  and  half  as  calcium  nitrate. 

All  treatments  of  pots  were  made  in  duplicate.  The  mineral 
nutrients  were  added  in  solution  and  the  organic  materials  (ground  to 
pass  100  mesh  or  finer)  were  mixed  with  the  sand  to  which  1  percent 
of  water  had  been  added  to  facilitate  imxing.  The  total  water  con- 
tent was  adjusted  to  a  suitable  quantity  and  was  held  constant  by- 
daily  additions  of  distilled  water  according  to  the  loss  in  weight  of 
each  pot.  All  the  pots  were  inoculated  with  a  few  cubic  centimeters 
of  a  soil  suspension.  Ten  millet  plants  were  grown  per  pot  after  thin- 
ning down  from  a  planting  of  approximately  50  to  60  seeds. 

The  plants  were  harvested  when  it  became  evident  that  growth 
had  reached  an  approximate  maximum  under  the  given  conditions, 
as  indicated  by  a  ripening  or  drying  up  of  the  lower  leaves  and  lower 
portions  of  the  stems.  A  sample  of  the  sand  was  taken  from  near 
the  center  of  each  pot  after  harvesting  to  determine  the  hydrogen-ion 
concentration.     The  results  of  the  experiment  are  recorded  in  table  8. 

The  growth  of  millet  recei^Tug  no  nitrogen  was  negligible.  There 
was  a  response  to  additions  of  sodium  nitrate  to  the  extent  of  3.18  g 
of  air-drv  matter  when  0.16  g  of  nitrogen  was  added  in  this  form. 
During  tfie  course  of  the  experiment  the  pots  containing  the  two  largest 
quantities  of  NaNOa  developed  a  condition  of  chlorosis,  presumably 
due  to  lack  of  iron  which,  if  unchecked,  would  materially  have  affected 
the  growth.  Sufficient  ferric  sulphate  was  added  to  neutralize  the 
effect  of  sodium  on  the  acidity  of  the  medium.  Recovery  of  the  plants 
affected  was  almost  immediate  and  no  further  difficulty  was  experi- 
enced in  this  respect. 

Dried  blood  showed  an  availability  of  its  nitrogen  of  approxi- 
mately 80  percent  since  0.10  g  of  nitrogen  in  this  form  gave  a  growth 
equivalent  to  0.08  g  of  nitrogen  in  the  form  of  NaNOa,  which  is  as- 
sumed to  have  been  entirely  available  under  the  conditions.  Peat 
autoclaved  with  ammonia  furnishing  3.16  g  of  nitrogen  gave  a 
growth  slightly  better  than  0.04  g  of  nitrogen  in  the  form  of  sodium 
nitrate.  Its  availability  may  therefore  be  considered  to  be  about 
25  percent.     Were  comparison  to  be  made  between  the  yield  ob- 
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tained  with  0.16  g  of  nitrogen  in  the  form  of  nitrate  and  that  obtained 
from  0.16  g  in  the  form  of  autoclaved  peat,  the  indicated  percentage 
availability  would  be  69.  This  comparison  is  faulty  in  that  it 
involves  a  comparison  of  a  peat  application  not  in  excess  with  a 
sodium  nitrate  appHcation  which  is  presumably  in  excess  and 
moreover  the  plants  receiving  particular  sodium  nitrate  application 
were  affected  by  chlorosis.  However,  in  the  use  of  0.32  g  of  nitrogen 
in  the  form  of  ammonia,  a  growth  was  obtained  greater  than  by  0.16  g 
of  nitrogen  as  sodium  nitrate.  The  availability  in  this  case  cannot 
be  directly  calculated  since  there  is  no  pot  having  sodium  nitrate 
giving  an  equivalent  growth.  It  is  significant  to  note,  however,  the 
superiority  over  the  pot  having  0.16  g  of  nitrogen  as  sodium  nitrate. 

Peat  autoclaved  with  ammonium  hydroxide  and  potassium  hy- 
droxide, and  with  ammonium  hydroxide,  potassium  hydroxide,  and 
rock  phosphate,  gave  growths  which  were  practically  equivalent  to 
that  obtained  with  peat  autoclaved  with  ammonia  alone.  The 
samples  treated  with  calcium  hydroxide  were  much  less  effective, 
but  gave  a  better  yield  than  raw  peat.  The  effectiveness  of  the 
nitrogen  in  the  latter  is  very  low. 

The  phosphate  experiment  was  carried  out  similarly  to  the  nitrogen 
experiment  except  that  the  basic  fertilization  was  changed  to  permit 
the  use  of  phosphate  in  the  form  of  calcium  acid  phosphate 
(CaH4(P04)2.H20)  as  the  variable.  Nitrogen  was  added  in  amounts 
of  0.16  g,  half  of  which  was  in  the  form  of  ammonium  sulphate  and 
half  in  the  form  of  calcium  nitrate.  The  amounts  of  phosphate 
calculated  as  phosphorus  pentoxide  varied  in  the  check  series  from 
none  to  0.10  g. 

Peat  autoclaved  with  ammonia,  potash,  and  rock  phosphate  in  an 
amount  equivalent  to  0.05  g  of  phosphorus  pentoxide  gave  a  growth 
of  0.81  g,  as  compared  with  0.15  g  for  untreated  rock  phosphate  and 
4.44  g  for  the  superphosphate.  A  growth  of  2.52  g  was  obtained  by 
the  use  of  0.10  g  of  phosphorus  pentoxide  in  the  form  of  the  auto- 
claved peat.  These  results  show  that  the  availability  of  the  phos- 
phate in  rock  phosphate  under  the  given  conditions  was  materially 
increased  by  the  autoclaving  process,  since  the  pots  containing  raw 
rock  phosphate  as  a  source  of  phosphorus  were  practically  no  better 
than  the  blanks.  It  is  recognized,  however,  that  a  single  test  is  not 
conclusive. 

In  the  potash  experiment  it  was  found  that  the  potassium  in  the 
form  of  KOH  used  in  autoclaving  was  essentially  all  available  in 
comparison  with  the  potassium  of  K2SO4  used  in  the  check  series. 

The  relative  appearance  of  some  of  the  plants  is  shown  in  figure  3. 

A  second  experiment  was  carried  out  in  poor  sandy  soil,  using  saw- 
grass  peat  autoclaved  with  ammonium  hydroxide,  potassium  sulphate, 
and  rock  phosphate  as  a  fertilizer  in  comparison  with  a  fertilizer  of 
the  same  percentage  composition  consisting  of  nitrogen  in  equal 
amounts  in  the  form  of  ammonium  sulphate  and  sodium  nitrate, 
potash  in  the  form  of  potassium  sulphate,  and  phosphorus  in  the 
form  of  calcium  acid  phosphate.  The  constituents  expressed  as 
nitrogen,  phosphorus  pentoxide,  and  potassium  oxide  were,  in  both 
cases,  approximately  in  the  proportions  4:12:4.  The  soil  used  was 
the  Norfolk  loamy  fine  sand.  The  fertilization  treatments  were 
made  with  the  following  materials:   (1)  (NH4)2S04,  NaNOg,  K2SO4, 
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and  CaH4(P04)2.H20;  (2)  saw-grass  peat  autoclaved  with  NH4OH, 
K2SO4,  and  rock  phosphate;  (3)  saw-grass  peat  autoclaved  with 
NH4OH,  K2SO4,  and  CaH4(P04)2.H20;  and  (4)  (NH4)2S04,  NaNOg, 
K2SO4,  rock  phosphate  and  raw  saw-^rass  peat. 

The  weights  of  each  material  used  in  the  experiments  were  such  as 
to  be  as  nearly  equivalent  to  the  analysis  of  4  percent  nitrogen,  12 
percent  phosphorus  pentoxide,  and  4  percent  potassium  oxide  as 
possible. 

Applications  were  made  in  gallon  pots  at  the  rate  of  500,  1,000, 
1,500,  and  2,000  pounds  per  acre.  Five  pots  were  used  in  each 
specific  treatment,  includmg  one  set  having  no  treatment.  The 
materials  were  mixed  with  the  soil  in  a  moist  condition.     Millet  was 
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Figure  i.—A,  Growth  of  millet  in  quartz  sand  using  raw  and  treated  saw-grass  peat  as  a  source  of  nitrogen 
compared  with  sodium  nitrate:  1,  No  N;  2, 0.04  g  of  N  as  NaN03;  3,  0.08  g  of  N  as  NaNGs;  4,  0.16  g  N  as 
NaNOs;  5,  0.10  g  of  N  as  dried  blood;  6,  0.16  g  of  N  as  peat  autoclaved  with  NHiOH;  7, 0.32  g  of  N  as  peat 
autoclaved  with  NH40H:  8,  0.16  g  of  N  as  peat  autoclaved  with  NII4OH  and  KOH;  9,  0.16  g  of  N  as  peat 
autoclaved  with  NH4OH,  KOH,  and  rock  phosphate;  10,0.16  g  of  Nas  peat  autoclaved  with  5.6  per- 
cent CaO;  11,  0.16  g  of  Nas  peat  autoclaved  with  11.6  percent  CaO;  12, 0.16  g  of  Nas  raw  peat.  B,  Growth 
of  millet  in  quartz  sand  using  treated  saw-grass  peat  as  a  source  of  phosphate  in  comparison  with  calcium 
monophosphate  and  with  rock  phosphate;  7,  No  phosphate;  8,  0.05  g  of  PjOj  as  Calli  (P04)2.njO;  9, 
0.10  g  of  P2O5  as  CaH4  CP04)2.n20;  10,  0.05  g  of  P2O5  as  peat  autoclaved  with  NH4OH,  KOH,  and  rock 
phosphate;  11,  0.10  g  of  PjOj  as  peat  autoclaved  with  NII4OH,  KOH,  and  rock  phosphate;  12,  0.05  g  of 
PiOj  as  rock  phosphate. 

grown  as  in  the  first  experiment  and  the  moisture  content  of  each 
pot  was  kept  such  that  the  soil  was  in  an  optimum  condition,  or 
as  nearly  so  as  possible. 

The  results  of  this  experiment  are  shown  in  table  9.  A  maximum 
growth  was  obtained  by  as  low  as  a  1,000-pound  per  acre  appUca- 
tion  of  the  4:12:4  fertilizer  consisting  of  ammonium  sulphate,  sodium 
nitrate,  superphosphate  and  potassium  sulphate,  which  hereafter 
will  be  referred  to  as  the  standard  of  comparison.  The  yield  from 
the  2,000-pound  application  of  this  material  is  slightly  less  than  from 
the  1,000-pound  and  the  1,500-pound  applications.  That  the  soil 
itself  was  poor  is  shown  by  yield  of  the  checks  which  was  an  average 
of  only  0.25  g  per  pot  of  10  plants. 
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Table  9. — Data  on  pot  experiments  with  millet  grown  in  Norfolk  loamy  sand,  peat 
and  other  fertilizing  materials  ^  being  used 


Treatment 

Applica- 
tion 

Average 

oven-dry 

weight 

of 
plants  2 

pHof 

soil  (col- 

orimet- 

ric) 

None — 

Pounds 
per  acre 

Grams 
0.25 
1.98 
3.48 
3.47 
3.00 

.62 
1.12 
1.92 
2.70 

.96 
1.94 
3.06 
3.57 
1.02 
1.96 
2.72 
3.50 

4  60 

(NH4)2S04,  NaNOs;  Ca2H4(P04)2.H20;  and  K2SO4    

i         600 
I       1,000 
1       1,500 

2,000 
f          500 
1       1,000 
1       1,500 
I      2,000 
(          500 
J       1,000 
1       1,500 
I       2, 000 
f          500 

1,000 
1       1, 500 
I       2,000 

4.55 
4.60 

Peat  autoclaved  with  NH4OH,  rock  phosphate,  and  K2SO4 

4.55 
4.55 
4.65 
4.70 

Peat  autoclaved  with  NH4OH,  CaH4(P04)2.H20,  and  K2SO43. 

4.60 
4.70 
4.50 
4.50 

(NH4)2S04,  NaNOs,  raw  peat,  rock  phosphate,  and  K2SO4 

4.50 
4.45 
4.55 
4.50 

4.50 
4.55 

1  Fertilizers  contained  4  percent  nitrogen,  12  percent  phosphorus,  and  4  percent  potassium  oxide  as  nearly 
as  possible. 

2  Roots  not  included. 

3  Contained  6.1  percent  N. 


Figure  4.— Growth  of  millet  on  poor  sandy  soil  as  affected  by  fertilization  with  treated  saw-grass  peat: 
11,  No  fertilizer;  12,  peat  autoclaved  with  NH4OH,  rock  phosphate,  and  K2SO4  (4:12:4  composition), 
500  pounds  per  acre;  13,  same  as  12,  1,000  pounds  per  acre;  14,  same  as  12,  1,500  pounds  per  acre;  15,  same 
as  12,  2,000  pounds  per  acre. 

A  2,000-pound  application  of  the  peat  autoclaved  with  ammonium 
hydroxide,  potassium  sulphate,  and  rock  phosphate  gave  a  growth 
of  2.70  g.  The  value  is  greater  than  the  500-pound  application  of  the 
standard  but  less  than  the  1,000-pound  application.  The  effective- 
ness of  this  fertilizer  is  therefore  between  25  and  50  percent,  compared 
with  the  standard. 

The  pots  having  applications  of  the  mixture  of  ammonium  sulphate, 
sodium  nitrate,  raw  peat,  rock  phosphate,  and  potassium  sulphate 
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indicated  that  the  phosphorus  *  in  the  rock  phosphate  under  the  acid 
condition  of  the  medium  was  sufficiently  available  for  a  2,000-pound 


Figure  5.— Growth  of  millet  on  poor  saiyiy  -nil  {Miriche-l  witli  a  coiiiplete  mineral  fertilizer  as  compared 
with  fertilization  by  treated  saw-grass  pi-ut.  'i,  No  fertilizer;  7.  mineral  fertilizer  (4:12:4)  500  pounds  per 
acre;  8,  same  as  1,  1,000  pounds  per  acre;  9,  peat  autoclaved  with  NH4OU,  rock  phosphate,  and  K2SO4 
(4:12:4)  1,500  pounds  per  acre;  10,  same  as  9,  2,000  pounds  per  acre. 


FIOURB  6.— Growth  of  millet  on  poor  sandy  soil  as  allected  by  mineral  fertilization:  1,  No  fertilizer;  2, 
(NHOiSO^  and  NaNOs.  CaH4(P04)j.HjO  and  K2SO4  (4:12:4  composition)  500  pounds  per  acre;  3,  same 
as  2,  1,000  pounds  per  acre;  4,  same  as  2,  1,500  pounds  per  acre;  5,  same  as  2,  2,000  pounds  per  acre. 

application  to  give  a  growth  corresponding  to  the  1,000-pound  appli- 
cation of  the  standard.     It  may  be  said,  therefore,  with  reasonable 

<  The  phasphoric  acid  content  of  the  peat  itself  is  neglected  since  this  value  is  approximately  only  0.1  to 
0.2  percent  of  the  raw  peat  used. 
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certainty,  that  under  these  conditions  nitrogen  is  the  limiting  factor 
in  the  peat  autoclaved  with  ammonium  hydroxide,  rock  phosphate, 
and  potassium  sulphate. 

The  peat  which  was  autoclaved  with  the  soluble  phosphate, 
CaH4(P04)2.H20,  instead  of  the  rock  phosphate,  was  included  to 
determine  the  difference  in  the  behavior  of  these  two  forms  of  phos- 
phate, other  factors  being  as  nearly  equal  as  possible.  However,  a 
comparison  cannot  be  made  since  this  material  contained  6.1  percent 
of  nitrogen  as  compared  with  the  approximate  4  percent  in  the  other 
materials,  the  increased  nitrogen  content  resulting  from  the  reaction 
between  ammonia  and  the  acidity  of  the  monophosphate  which  was 
not  taken  into  consideration  in  the  preparation.  The  effectiveness  of 
this  fertilizer  is  50  percent  of  the  standard,  having  a  yield  from  the 
2,000-pound  application  equivalent  to  the  1,000-pound  application  of 
the  standard. 

The  relative  effects  of  these  treatments  are  also  shown  in  figures 
4,  5,  and  6.  It  is  realized  that  the  two  series  of  pot  experiments  are 
not  adequate  for  final  conclusions  as  to  the  value  of  this  material. 
They  show  the  degree  of  availability  under  two  sets  of  special  condi- 
tions. The  work  is  being  continued  in  the  Soil  Fertility  Division  of 
the  Bureau  of  Chemistry  and  Soils. 

DISCUSSION 

The  decomposition  of  raw  peat  in  the  soil,  as  indicated  by  the  carbon 
dioxide  evolution,  is  extremely  Hmited  in  extent  whether  or  not  the 
inoculation  by  soil  be  supplemented  by  nutrients.  When  the  peat  is 
subjected  to  treatment  before  mixing  with  soil  the  evolution  of  carbon 
dioxide  varies  between  wide  limits  and  according  to  the  type  of 
treatment.  Extraction  of  the  peat  by  alcohol,  or  alcohol  ether, 
increases  its  rate  of  decomposition  but  slightly,  while  autoclaving 
the  peat  at  150°  C.  for  3  hours  with  ammonium  hydroxide  or  calcium 
oxide  greatly  stimulates  the  rate  of  decomposition.  The  extreme 
limits  for  a  30-day  period  are  7  mg  of  carbon  dioxide  for  a  sample  of 
raw  saw-grass  peat  and  401  mg  for  a  sample  of  the  same  type  of  peat 
digested  with  25  percent  of  its  weight  of  calcium  oxide. 

It  is  possible  to  arrive  at  an  estimate  of  the  quantity  of  peat  actu- 
ally decomposed  in  these  changes.  The  sample  of  saw-grass  peat 
used  in  these  experiments  contains  approximately  55.2  percent  ^  of 
carbon  {8,  table  5).     The  evolution  of  7  mg  of  carbon  dioxide  per  gram 

0  007  X 12 
of  peat  corresponds  to  p.'   -^^      .  .  X  100  or  0.3  percent,  while  for  401 

mg  the  decomposition  becomes  17.6  percent.  This  calculation  as- 
sumes no  decomposition  of  the  peat  to  have  occurred  during  the  treat- 
ment, but  table  6  indicates  that  some  decomposition  does  occur. 
Also,  it  has  been  shown  by  Schneider  and  Schellenberg  {23)  that  a 
peat  treated  with  sodium  hydroxide  for  2  hours  yields  40  percent  of  a 
humic  acid  containing  63.1  percent  carbon  as  compared  with  54.5 
percent  of  carbon  in  the  original  peat  and  52  percent  in  the  insoluble 
residue. 

In  general,  autoclaving  with  bases  is  very  effective  as  a  means  of 
promoting  decomposition  of  peat  in  the  soil,  and,  indeed,  in  the  cases  of 
ammonium  hydroxide  and  of  lime  produces  an  evolution  of  carbon 

8  This  value  corresponds  to  61.79  percent  on  the  ash-free  basis,  as  given  in  the  reference  for  the  32-inch 
layer. 
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dioxide  approximately  two  thirds  that  from  sweetclover.  The  treat- 
ment with  cold  40  percent  hydrochloric  acid  is  also  remarkably 
effective. 

There  are  certain  indications  that  the  soluble  hydrolytic  products 
are  more  readily  decomposed  than  those  that  are  insoluble.  This  is 
not  true  in  all  cases  since  there  is  relatively  little  soluble  matter  in 
the  material  produced  by  hydrochloric  acid  and  by  lime,  while  these 
are  quite  readily  decomposed,  and  in  the  sulphite  treatment  of  the 
sphagnum-moss  peat  the  insoluble  product  is  more  active  than  that 
wliich  dissolves.  In  this  last  case  the  greater  activity  of  the  insoluble 
residue  is  attributed  to  its  higher  cellulose  content. 

It  may  be  assumed  that  any  treatment  which  will  increase  the  rate 
of  decomposition  of  peat  in  the  soil  will  increase  its  value  as  a  fertilizer 
component.  The  nitrogen  of  the  peat  which,  in  its  raw  condition,  is 
almost  wholly  unavailable,  may  be  expected  to  become  available  as 
the  decomposition  proceeds.  The  inorganic  ash  components  should 
also  be  liberated  and  at  the  same  time  those  benefits  will  be  derived 
which  are  ordinarily  ascribed  to  the  presence  of  humus  in  the  soil. 

When  peat  is  treated  with  either  aqueous  or  anhydrous  ammonia  at 
elevated  temperatures,  and  under  pressure,  changes  are  produced 
which  are  of  special  interest.  Although,  as  has  been  pointed  out,  the 
greater  portion  of  the  nitrogen  so  added  is  not  present  as  ammonium 
salts,  there  is,  nevertheless,  ample  evidence  that  nearly  all  of  it  is 
present  in  a  form  immediately  or  ultimately  available  to  plants.  The 
product  is  not  only  desirable  by  reason  of  its  chemical  composition  and 
behavior  in  the  soil,  but  it  has  physical  characteristics  which  make  it 
attractive  as  a  means  of  distributing  fertilizing  material  within  the 
soil. 

The  reaction  of  ammonia  with  peat  seems  to  be  general  for  all 
varieties  of  peat  and  there  appears  to  be  no  relation  between  the 
nitrogen  content  of  the  raw  material  and  the  maximum  increased 
content  of  the  product. 

From  the  available  data  it  appears  that  the  maximum  nitrogen 
content  of  the  product  is  greater  with  high-nitrogen  peats,  though 
whether  any  notable  portion  of  this  original  nitrogen  is  made  available 
is  not  yet  determined.  The  character  of  the  nitrogenous  compounds 
in  the  ammoniacal  peat  also  remains  to  be  determined.  Nevertheless, 
the  data  assembled  indicate  that  ammoniated  peat  gives  fair  promise 
of  furnishing  a  highly  useful  fertilizer  material.  Whether  such  con- 
version of  peat  will  repay  the  cost  of  manufacture  is  a  question 
beyond  the  scope  of  this  investigation  but  is  being  given  attention  by 
the  Fixed  Nitrogen  Research  Laboratory  in  the  work  to  which  refer- 
ence has  already  been  made. 

The  data  so  far  obtained  by  the  writers  make  it  appear  that  there  is 
no  evidence  of  decomposition  of  peat  under  anaerobic  conditions  sub- 
sequent to  its  formation  (8,  p.  24)  nor  from  the  present  data  dealing 
with  aerobic  conditions  is  there  evidence  of  material  chemical  altera- 
tion. It  would  seem  probable,  therefore,  that  any  beneficial  results 
from  the  use  of  raw  peat  in  agriculture  must  be  ascribed  to  alteration 
in  the  physical  condition  of  the  soil  or  to  the  water-holding  and  base- 
exchange  capacities  of  the  material  rather  than  to  any  direct  utilization 
of  the  peat  itself,  as  a  source  of  plant  food. 

The  availability  of  the  nitrogen  in  ammonia-treated  saw-grass  peat 
was  found  to  be  from  25  to  50  percent  from  the  results  of  2  pot 
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experiments,  1  in  quartz  sand  and  the  other  in  a  poor  sandy  soil. 
The  percentage  of  added  nitrogen  over  the  original  nitrogen  in  this 
particular  peat  is  slightly  over  100  or,  in  other  words,  the  nitrogen 
content  has  been  doubled.  There  is  reason  to  believe  that  the  added 
nitrogen  is  far  more  effective  in  the  nutrition  of  growing  plants  than 
the  fraction  of  the  nitrogen  originally  present  which  has  undergone 
the  same  or  similar  treatment,  since  the  samples  which  were  auto- 
claved  with  lime,  while  showing  a  superiority  over  raw  peat,  did  not 
show  as  high  nitrogen  availability  as  did  the  ammonia-treated  peat. 
It  is  reasonable  to  assume,  therefore,  that  with  a  peat  in  which  the 
added  nitrogen  was  present  to  the  extent  of  nearly  10  times  the  original 
content,  as  was  the  case  with  a  sample  of  sphagnum-moss  peat,  much 
more  favorable  results  would  have  been  obtained  with  respect  to  the 
percentage  availability  of  the  nitrogen,  although  the  quantity  of  total 
nitrogen  would  have  been  only  6.38  percent  for  the  sphagnum-moss 
peat  in  comparison  with  8.74  in  the  case  of  saw-grass  peat  (table  3). 

SUMMARY 

A  study  has  been  made  of  the  decomposition  of  peat  when  mixed 
with  soil  as  measured  primarily  by  carbon  dioxide  evolution.  The 
samples  of  peat  were  used  in  the  raw  condition  and  as  the  products  of 
various  types  of  chemical  treatments,  including  extraction  by  solvents 
and  reactions  with  water,  acids,  and  bases  at  ordinary  and  at  elevated 
temperatures  under  pressure.  The  raw  peats  decomposed  very 
slowly,  whereas  peat  treated  at  ordinary  temperature  with  40  percent 
hydrochloric  acid  or  at  150°  C.  under  pressure  with  lime  or  ammonia 
decomposed  quite  rapidly,  the  maximum  rate  being  approximately 
two  thirds  of  the  rate  of  sweetclover  under  the  same  conditions. 

Peat  is  capable  of  reacting  with  ammonia  in  such  a  way  that  rela- 
tively large  quantities  of  nitrogen  are  added,  yet  only  a  fraction  of 
the  added  nitrogen  is  ammoniacal  in  form.  This  reaction  was  studied 
at  temperatures  varying  from  50°  to  225°  C.  and  for  periods  of  time 
varying  from  1  to  36  hours.  The  percentages  of  added  nitrogen 
ranged  from  2.83  to  5.78  on  the  basis  of  the  dry  product.  There  is 
apparently  no  relationship  between  the  nitrogen  originally  present 
and  the  additional  nitrogen  taken  up  in  the  treatment.  Lignin, 
sulphite-waste  liquor  from  the  paper  industry,  and  soil  organic 
matter  were  also  found  to  respond  to  the  ammonia  treatment  by 
showing  increased  percentages  of  nitrogen. 

Fertilizer  pot  tests  with  millet  in  quartz  sand  are  believed  to  indicate 
that  the  possibilities  of  preparing  a  satisfactory  nitrogenous  fertilizer 
from  peat  by  the  action  of  ammonia  are  excellent.  The  immediate 
availability  of  the  total  nitrogen  in  treated  samples  of  saw-grass  peat 
was  found  to  be  between  25  and  50  percent,  as  compared  with  inor- 
ganic nitrogen.  The  availability  of  the  phosphorus  in  rock  phosphate 
is  apparently  increased  by  the  autoclaving  process  when  the  rock 
phosphate  is  added  previous  to  the  treatment  with  ammonia.  The 
data  on  fertility  are  incomplete,  and  the  work  must  be  continued  in 
order  to  make  definite  conclusions  possible. 
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INTRODUCTION 

Severe  damage  to  corn  by  the  southwestern  corn  borer,  Diatraea 
grandioseUa  Dyar,^  is  more  or  less  periodic  in  occurrence,  but  con- 
tinual yearly  damage  is  greater  than  is  generally  realized,  as  the 
feeding  in  the  stalk  is  hidden.  Furthermore,  the  injured  plants  are 
much  less  resistant  than  uninjured  ones  to  drought. 

Material  damage  by  the  southwestern  corn  borer,  in  its  present 
range,  is  largely  confined  to  corn,  but  the  insect  feeds  occasionally  on 
several  of  the  grain  sorghums  and  on  broomcorn. 


»  Resigned  Dec.  31,  1926. 

2  The  authors  acknowledge  their  indebtedness  to  V.  L.  Wlldermuth,  senior  entomologist 
in  charge  of  the  U.S.  Entomological  Laboratory  at  Tempe,  Ariz.,  under  whose  immediate 
supervision  the  major  part  of  the  biological  studies  were  conducted,  for  his  interest  and 
helpful  suggestions  and  criticisms ;  and  to  I).  R.  Burnham,  superintendent  of  the  Dry 
Ljind  Agricultural  Station,  Tucumcari,  N.Mex.,  for  his  unfailing  cooperation  and  assist- 
ance in  conducting  borer-control  experiments  by  cultural  methods  of  stubble  treatment 
and  time  of  planting  corn  in  the  northeastern  part  of  the  borer  territory.  Acknowledg- 
ment is  also  due  Esther  H.  Hart  for  the  drawings  included  in  this  bulletin.  Early  notes 
by  the  late  W.  D.  Hunter  and  by  R.  A.  Epperson  have  added  to  the  completeness  of  the 
bulletin. 

'  Order  Lepidoptera,  family  Pyralidae,  subfamily  Crambinae. 

6525°— 33 \  I 
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An  important  economic  factor  is  that  .the  insect  is  gradually  in- 
creasing its  range  to  the  north  and  to  the  east  toward  the  main  corn- 
growing  sections  of  the  United  States.  Although  its  general  ad- 
vance appears  to  take  place  by  spurts  at  irregular  intervals,  the 
occurrence  of  a  favorable  year  may  cause  one  of  these  sporadic  ad- 
vances to  establish  the  borer  permanently  in  the  main  Corn  Belt. 

Except  as  otherwise  specified,  the  detailed  life-history  studies  and 
most  of  the  general  information  for  the  western  part  of  the  insect's 
range  apply  to  the  vicinity  of  Tucson,  Ariz.  Tucson  has  an  eleva- 
tion of  2,387  feet  and  is  located  in  an  exceptionally  arid  district,  its 
agriculture  being  conducted  entirely  under  irrigation.  As  the  south- 
western corn  borer  is  found  at  practically  all  elevations  up  to  5,600 
feet,  with  different  seasonal  climatic  factors,  the  seasonal  history  of 
the  insect  differs  considerably  in  different  localities. 

HISTORY  OF  THE  SPECIES 

Diatraea  grandioseUa  was  originally  described  in  1911  by  H.  G. 
Dyar  (4,  p.  20S),*  from  a  specimen  collected  at  Guadalajara,  Mexico. 
It  has  been  confused  in  the  literature  with  D.  cramhidoides  Grt.,  for- 
merly known  as  zeacolella  Dyar  (ii),  a  pest  of  corn  in  the  south- 
eastern part  of  the  United  States,  and  with  D.  lineolata  Walk.,  a 
species  which  formerly  was  erroneously  believed  to  occur  in  this 
country.  Dyar  and  Heinrich  (5,  pp.  25-26)  in  1927  identified  the 
species  from  the  Southwest  as  D.  grmidioseUa. 

How  long  the  southwestern  corn  borer  has  been  in  the  United  States 
is  unknown.  Apparently  spreading  northward  from  Mexico,  it  is 
believed  to  have  entered  Arizona,  New  Mexico,  and  Texas  at  about 
the  same  time.  C.  H.  Gable  and  R.  A.  Epperson,  in  an  unpublished 
manuscript  on  this  species,  record  it  from  Lakewood,  N.Mex.,  in 
February  1913,  from  Las  Palomas,  N.Mex.,  in  December  1913,  and 
from  Carlsbad,  N.  Mex.,  in  1914.  The  borer  was  abundant  in  these 
localities  in  the  years  mentioned.  The  agricultural  agent  of  Cochise 
County,  Ariz,  (i^,  Rpt.  8,  pp.  37-39)^  reported  the  borer  as  having 
first  been  observed  in  Arizona  in  September  1916.  It  was  confused 
in  this  report  with  D.  zecDcolella.  Severe  damage  by  this  pest  was 
reported  in  1917  {12,  Rpt.  9,  p.  J^3),  and  it  was  listed  in  1922 
(^,  p.  59)  as  being  generally  distributed  over  Pima  County,  but  under 
the  name  of  D.  lineolata,  a  tropical  species  not  known  to  occur  in  the 
United  States.  A  brief  article  {13)  of  recent  date  on  the  south- 
western corn  borer  contains  some  notes  on  this  insect  from  western 
Texas. 

The  insect  has  Undoubtedly  been  present  in  the  Southwest  for 
many  years  and  possibly  infested  corn  planted  by  the  Indians  along 
rivers  before  the  coming  of  the  white  man.  With  the  practice  dur- 
ing recent  years  of  irrigation  on  a  larger  scale  and  the  gradual  link- 
ing of  one  agricultural  area  with  another,  the  natural  desert  barriers 
have  been  removed,  and  conditions  are  gradually  becoming  more 
favorable  for  the  rapid  spread  of  the  insect  and  consequently  for 
increased  areas  of  distribution  and  damage. 

*  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  61. 
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SPECIES   OF   DIATRAEA    IN   THE   UNITED   STATES 

Five  species  of  Diatraea  are  recorded  from  the  United  States  by 
Dyar  and  Heinrich  (J),  as  follows: 

Diatraea  savcharaiis  (Fabricius)  *  *  ♦  Well  distributed  tliroughout 
tropical  America  from  the  Gulf  coast  of  United  States  to  Mexico  and  Argen- 
tina, including  tlie  Antilles. 

Diatraea  evanescoM  Uyar  *  *  *  Specimens  are  before  us  from  Louisi- 
ana and  Mississippi,  and  a  series  of  four  males  and  four  females  from  Cayuga, 
Guatemala,  the  latter  running  larger  than  those  from  the  Gulf  coast. 

Diatraea  zeaeolella  D.var  *  *  *  Specimens  are  before  us  from  the  South- 
ern States,  Virginia.  North  Carolina,  and  Florida,  also  recently  a  specimen 
from  Kansas. 

(This  species,  now  called  craiiihidoides  Grt.,  has  been  discussed  under 
the  name  zeaeolella  Dyar  in  several  Bureau  of  Entomology  publica- 
tions (  7,  3^  8,  9).  Box  (^,  p.  20)  has  recently  determined  through 
a  study  of  the  type  in  the  British  Museum  that  cramhidoides  Grote 
is  the  older  name  for  this  species  and  therefore  should  be  used.) 

Diatraea  venonalis  (D.var)     ♦     *     *     Audubon  Park.  La. 

Diatraea  grandionella  Dyar  *  *  ♦  From  southwestern  Texas,  southern 
New  Mexico,  and  Arizona  to  Mexico — Los  Modus  and  Venadio,  Sinaloa ;  C<ilima, 
Guadalajara.  Tehuacan. 

Only  8  of  the  5  species  previously  mentioned  are  of  economic 
importance  in  the  United  States,  viz,  Diatraea  saccharalis^  D.  cram- 
hidoides^  and  />.  grandioseUa.  1).  cramhidoides  (7,  p,  4)  is  distrib- 
uted along  the  Atlantic  coast  from  northern  Florida  to  Maryland, 
but  was  originally  described  from  Kansas  (7).  Like  the  south- 
western corn  borer,  it  is  not  known  seriously  to  damage  crops  other 
than  corn.  I),  saccharcdis  (JO,  pp.  9-10)  is  found  in  a  strip  along 
the  Gulf  coast  from  the  southern  tip  of  Texas,  through  Louisiana, 
and  including  the  southern  edge  of  Mississippi.  It  also  occurs  in 
the  southern  half  of  Florida.  This  insect  is  the  principal  insect  pest 
of  sugarcane  in  the  United  States,  but  also  does  serious  damage  to 
corn.  It  also  attacks  nonsaccharine  sorghums  and  grasses  to  some 
extent.  D.  grandioseUa,  which  has  been  confused  with  the  other 
species,  resembles  D.  saochccralis  and  D.  cramhidoides,  but  because  its 
present  distribution  is  confined  to  the  Southwest  as  herein  delimited, 
with  as  yet  no  overlapping  of  the  territory  occupied  by  the  other 
species,  any  specimen  taken  from  that  region  at  present  is  almost 
certain  to  be  .^.  grandioseUa, 

GEOGRAPHIC  DISTRIBUTION 

The  southwestern  corn  borer  is  believed  to  be  quite  generally 
distributed  throughout  Mexico,  having  been  reported  from  the  States 
of  Sonora,  Chihuahua,  Sinaloa,  Nayarit,  Jalisco,  Colima,  Puebla, 
and  Vera  Cruz.  Proceeding  northward,  the  known  area  of  distribu- 
tion in  the  United  States  (fig.  1)  as  of  November  1931  includes  the 
southeastern  corner  of  Arizona,  nearly  the  southeastern  two  thirds 
of  New  Mexico,  most  of  the  Panhandle  and  Big  Bend  districts  of 
Texas,  and  about  two  thirds  of  the  Oklahoma  Panhandle.  In  1931 
it  appeared  in  the  extreme  southwestern  corner  of  Kansas  and  the 
extreme  southeastern  corner  of  Colorado. 
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In  detail,  the  known  distribution  in  the  United  States,  as  of 
November,  1931,  is  as  follows: 

Arizona:  Santa  Cruz  and  Cochise  Counties,  the  eastern  quarter  of  Pima 
County,  the  eastern  third  of  Pinal  County,  a  small  section  in  the  southeastern 
end  of  Gila  County,  the  southern  two  thirds  of  Graham  County,  and  the 
southern  half  of  Greenlee  County. 

New  Mexico:  Hidalgo,  Luna, 'Dona  Ana,  Otero,  Eddy,  Roosevelt,  Chaves, 
Lincoln,  Torrance,  Guadalupe,  De  Baca,  Curry,  and  Quay  Counties,  a  small 
area  in  the  southwest  corner  of  Catron  County,  all  but  the  northeast  corner 
of  Grant  County,  the  southeastern  two  thirds  of  Sierra  County,  from  the  Rio 
Grande  to  the  east  line  of  Socorro.  Valencia,  and  Bernalillo  Counties,  the 
southeastern  corner  of  Sandoval  County,  the  southern  third  of  Santa  Fe  and 
San  Miguel  Counties,   the  southeastern   two  thirds  of  Harding  County,   the 


Figure  1. — Map  showing  the  portions  of  Arizona,  New  Mexico,  Texas,  Oklahoma,  Colorado, 
and  Kansas  known  to  be  infested  by  the  southwestern  corn  borer  in  November  1981. 


southeastern  corner  of  Union  County,  and  all  but  the  extreme  southeast  corner 
of  Lea  County. 

Texas:  The  infestation  in  the  Panhandle  district  includes  the  counties  of 
Dallam,  Sherman,  Hansford,  Hartley,  Moore,  Hutchinson,  Oldham,  Potter, 
Carson,  Deaf  Smith,  Randall,  Armstrong,  Donley,  Parmer,  Castro,  Swisher^ 
Briscoe,  Bailey,  Lamb,  Cochran,  Hockley,  and  Yoakum.  A  small  area  in  the 
southwest  corner  of  Ochiltree  County,  all  of  Roberts  County  except  the 
northeast  and  southeast  corners,  a  small  area  in  the  west-central  part  of 
Hamphill  County,  the  western  two  thirds  of  Gray  C^ounty,  the  western  half 
or  more  of  Collingsworth  County,  all  but  the  southeastern  fourth  of  Hall  County, 
the  northwest  corner  of  Motley  County,  the  northern  third  of  Floyd  County, 
all  but  the  extreme  southeast  corner  of  Hale  County,  the  northwestern  half 
of  Lubbock  County,  the  northwestern  half  of  Terry  County,  and  the  western 
half  of  Gaines  County.  The  infestation  in  the  Big  Bend  district  of  Texas 
includes:  El  Paso,  Hudspeth,  Culberson,  Loving,  Reeves,.  Jeff  Davis,  and  Pre- 
sidio Counties,  a  strip  along  the  western  boundary  of  Winkler  County,  the 
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western  half  of  Ward  County,  the  western  hall"  of  Pecos  County,  and  all  but 
the  eastern  corner  of  Brewster  County. 

Oklahoma:  The  infestation  in  Oklahoma  covers  practically  all  of  Cimarron 
and  Texas  Counties. 

Kansas:  In  Kansas  the  borer  has  been  found  in  Morton  County  as  far  north 
as  Kichfield ;  and  in  Stevens  County  as  far  as  3  miles  north  of  the  Kansas- 
Oklahoma   State  line. 

Colorado:  Very  slight  infestations  of  the  borer  have  been  found  to  extend 
across  about  the  southern  one  eiglith  of  Baca  County.  ^ 

This  area  of  infestation  in  the  United  States  is  not  uniformly  or 
continuously  infested.  Within  the  infested  territory  are  quite  large 
sections  which,  owing  to  the  lack  of  host  plants,  are  free  from  infes- 
tation, such  as  deserts,  cattle  ranges,  mountains,  etc.  It  is  possible 
that  all  of  the  actually  infested  area  has  not  been  included  in  this 
list  owing  to  limited  scouting  facilities. 

DISSEMINATION 

ARTIFICIAL  SPREAD 

The  dissemination  of  this  pest  through  transportation  of  any  of 
its  stages  from  one  locality  to  another  is  probably  of  little  conse- 
quence. It  is  a  common  custom  for  the  Mexican  farmers  of  the 
Southwest,  driving  by  team  from  one  place  to  another,  to  carry 
green  fodder  for  horse  feed.  These  stalks  are  largely  consumed  en 
route,  and  the  chance  of  establishing  a  new  infestation  by  such  means 
is  small.  The  overwintering  larvae  are  located  in  the  low^er  main 
roots  of  the  host  plants,  and  since  such  roots  are  not  utilized  they 
are  not  usually  moved  except  occasionally  by  floods.  The  mature 
cornstalks  w^hich  might  contain  larvae  or  pupae  are  probably  seldom 
hauled  to  any  great  distance,  being  as  a  rule  consumed  locally  either 
as  ensilage  or  fed  in  the  stalk.  The  borer  does  not  ordinarily  pupate 
in  corn  ears,  and  it  is  improbable  that  infestations  in  new  localities 
are  started  from  cast-oif  ears,  although  this  is  possible. 

NATURAL  SPREAD 

Natural  spread  is  largely  accomplished  by  the  flight  of  the  adults. 
The  larvae  ordinarily  do  not  leave  the  plant  on  which  they  were 
hatched,  and  no  true  migration  of  them  over  land  has  been  observed. 

The  newly  emerged  gravid  females  show  an  apparent  disinclina- 
tion to  fly  with  their  heavy  burden  of  eggs,  and  when  suitable  host 
plants  are  present  in  the  immediate  vicinitv  they  doubtless  do  not 
migrate  to  any  great  distance.  It  is  probable,  however,  that  when 
suitable  host  plants  are  not  available  they  may  migrate  for  consider- 
able distances.  Partly  spent  females  are  more  active  and  thus  may, 
because  of  wind  or  climatic  conditions,  migrate  more  readily  from 
one  field  to  another  or  even  be  carried  across  desert  barriers  to  estab- 
lish new  infestations.  Notwithstanding  this,  extensive  nonculti- 
vated  areas  often  serve  as  effective  barriers  for  considerable  ])eriods 
of  time,  and  certainly  serve  greatly  to  retard  the  advance  of  the 
species.  There  are,  however,  localities  in  which  the  insect  has  appar- 
ently succeeded  in  crossing  even  large  barriers,  and  this  would  seem 
to  indicate  that  flight  was  aided  by  wind.  Although  there  is,  of 
course,  the  possibility  of  transportation  of  immature  stages  by  ve- 
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hides,  the  broad  front  of  the  advance  which  has  been  observed  indi- 
cates rather  a  natural  spread  by  flight. 

River  valleys  with  their  growing  crops  have  afforded  the  main 
channels  of  dissemination  northward.  Aside  from  the  river  valleys, 
cultivation  in  this  region  occurs  in  relatively  small  isolated  areas 
interspersed  among  mountains,  deserts,  and  cattle  ranges  which  are 
free  from  any  known  host  plants  of  the  borer.  This  insect  has, 
therefore,  been  very  largely,  if  not  entirely,  restricted  to  these  culti- 
vated areas.    During  the  past  few  years  large  desert  tracts  have  been 

made  productive  by  the  appli- 
cation of  water,  and  many 
large  cattle  ranges  have  been 
subdivided  into  farm  land. 
This  has  doubtless  facilitated 
the  spread  of  the  borer  into 
new  territory. 

Throughout  southern  Ari- 
zona, during  the  hot  summer 
months,  there  are  whirlwinds 
or  "  dust  devils "  of  sufficient 
size  and  strength  to  carry  small 
objects  to  a  height  of  a  quarter 
of  a  mile  or  more.  Moths 
caught  in  the  path  of  such 
winds  might  easily  be  lifted 
high  into  the  air  and  then 
transported  for  miles  with 
the  prevailing  air  currents. 
Straight  winds  of  considerable 
velocity  or  dust  storms  are  also 
of  common  occurrence  and  may 
afford  a  rapid  means  of  spread, 
especially  in  areas  where  the 
cultivation  is  continuous.  As 
the  adult  moths  fly  only  at 
night  and  apparently  are  not 
attracted  to  light,  it  has  not 
been  possible  to  observe  their 
flif^ht  under  natural  conditions. 


FOOD  PLANTS 


Figure  2. — A  larva  (winter  form)  of  the 
southwestern  corn  borer  in  the  base  of  a 
stalk  of  sugarcane.      X    %. 


The  known  food  plants  of 
the  southwestern  corn  borer 
are  corn,  the  grain  sorghums,  sugarcane  (fig.  2),  broomcom,  and 
Johnson  grass.  Observations  to  date  indicate  that  severe  damage  is 
usually  confined  to  corn.  Infestation  counts  made  by  the  authors 
in  numerous  fields  have  shown  a  range  of  infestation  in  different 
fields  from  a  trace  to  100  percent  of  the  cornstalks,  many  of  which 
contained  from  3  to  8  larvae  each.  Gable,  however,  noted  an  infes- 
tation of  100  percent  of  the  stalks  of  sugarcane  in  a  field  of  Brewster 
County,  Tex. 
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The  grain  sorghums  and  broonicorn  have  never  been  found  to  be 
more  than  slightly  infested.  Horton,  in  northeastern  New  Mexico, 
noted  milo  having  an  infestation  of  from  3  to  10  percent,  broomcorn 
5  percent,  hegari  2  percent,  kafirita  ^  10  percent,  and  f  eterita  1  per- 
cent.   While  such  compar- 

atively  slight  infestations 
do  no  serious  dama":e,  yet 
the  presence  of  borers, 
either  in  the  gi'ain  sor- 
ghums or  in  Johnson  grass 
(fig.  3),  may  furnish  a 
source  of  infestation  for 
adjacent  or  future  corn. 

INJURY  TO  THE 
PLANT 

Injury  to  the  plant  is 
caused  exclusively  by  the 
larva.  With  the  single 
exception  of  sugarcane,  as 
noted  by  Gable,  corn  is 
the  only  food  plant  so  far 
known  to  be  severely  dam- 
aged. Practically  all  por- 
tions of  the  corn  plant  are 
damaged  to  a  certain  de- 
gree, although  the  most 
severe  injury  results  from 
attack  on  the  growing 
point,  or  "  bud  ",  and  the 
stalk  proper. 

LEAF  INJURY 

Feeding  by  the  early 
instar  larvae  on  both  the 
open  and  the  whorled 
leaves  may  prove  serious, 
especially  when  the  corn 
plants  ar6  young..  This 
type  of  feeding,  which 
severely  reduces  the  sur- 
face area  of  the  leaves 
(fig.  4),  often  materially 
retards  the  growth  of 
the  plant.  Holes  bored 
through  the  whorled  leaves  not  only  limit  the  flow  of  sap  through 
the  leaves  but  often  result  in  the  breaking  of  the  leaf  across  the 
portion   punctured.     ''Leaf   breaking"   of   this   character   and    the 

^  Kafirita  is  aparently  a  cross  b«'twe»'ii  Kafir  and  feterita.  It  is  grown  by  tho  Kansas 
Agricultural  Experiment  Station,  by  sonae  of  the  dry-land  experiment  stations,  and  also 
by  farmers. 


Fi(;uRE  3. — Wiuter-loriu  larva  of  the  suutliwcstern 
corn   borer  in  Johnson   grass.      X    %. 
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boring  of  the  larvae  into  the  midrib  of  the  open  leaves  reduce  the 
vigor  of  the  plant.  In  the  northeastern  portion  of  the  borer's  range, 
the  injury  to  the  leaf  rolls  or  "  buds  "  is  often  so  greatly  augmented 
by  the  work  of  the  fall  army  worm,  Laphygma  frugiperdu^  that  it  is 
impossible  to  distinguish  which  species  has  done  the  greater  damage. 

BUD  INJURY 

Bud  injury  to  young  corn  by  the  larvae  in  early  instars  is  often 
serious.  When  several  larvae  are  feeding  in  the  throat  of  a  plant, 
there  is  excellent  chance  that  one  or  more  will  transfer  their  feeding 

from  the  whorled  leaves  to 
a  point  nearer  the  base  of 
the  growing  tip  of  the  stalk. 
The  feeding  of  several  small 
larvae  on  partly  expanded 
leaves  may  not  injure  the 
plant  permanently,  but  if 
even  one  larva  cuts  across 
the  narrow  neck  of  the  bud, 
the  plant  usually  dies  or 
fails  to  develop  normally. 
When  this  deep  feeding  suc- 
ceeds in  killing  the  bud  out- 
right in  young  plants,  a 
type  of  injury  known  in 
some  sections  as  "  dead 
heart  "  results.  Where  this 
occurs  after  the  plant  has 
begun  to  joint,  the  top  may 
be  either  killed  or  seriously 
deformed.  Dead  heart  is 
often  a  leading  factor  in  the 
loss  from  the  southwestern 
corn  borer.  Epperson,  in 
his  manuscript  notes,  re- 
ports seeing  a  small  field 
completely  killed,  and  other 
observers  have  noticed  many 
fields  which  had  a  high 
percentage  of  young  corn 
plants  killed  or  dwarfed  by 
this  type  of  borer  feeding. 

EAR  INJURY 
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Figure  4. — Typical  injury  to  leaves  of  young  corn 
by  early-instar  larvae  of  the  southwestern  corn 
borer. 


Damage  to  the  ears  by  di- 
rect attack  of  the  borers 
(fig.  5)  is  not,  as  a  rule,  extensive  and  is  not  an  important  factor  in 
preventing  the  production  of  a  grain  crop.  The  borers  sometimes 
enter  the  shank  of  the  ear  and  cause  considerable  damage  by  weak- 
ening the  shank  so  that  the  ear  droops  and  fails  to  develop  properly ; 
or,  if  the  damage  is  done  in  the  early  formation  stage  of  the  ear,  it 
may  result  in  a  stunted  growth  of  nubbin. 
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Figure  5, — Unusual  injury  to  cars  of  corn  by  the  southwestern  corn  borer,  showing  pupae 
In  undeveloped  ears.     X   %. 
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STALK  INJURY 


Stalk  injury  (fig.  6),  due  to  larval  tunneling,  is  the  most  serious 
damage  inflicted  and  the  most  difficult  to  see  or  to  evaluate.  When  a 
large  number  of  larvae  attack  the  plant  in  this  way  while  it  is 
young  it  is  frequently  killed.  The  usual  result  of  an  intensive  infes- 
tation is  to  weaken  the  plants,  causing  a  reduction  in  the  size  of 
stalks  and  ears,  as  shown  in  figure  7.  Many  ears  fail  to  develop  and 
others  are  so  small  as  materially  to  reduce  the  yield  of  shelled  corn. 

Where  corn  is  grown  for  silage 
there  is,  in  he'avily  infested  fields, 
considerable  loss  due  to  retarded 
growth. 

Tunneling  not  far  above  the 
ground  often  results  in  the  break- 
ing off  or  lodging  of  the  stalk. 
Also  there  is  a  type  of  girdling  of 
cornstalks,  uncommon  in  Arizona 
but  generally  prevalent  in  New 
Mexico  and  Texas,  in  which  the 
full-grown  borers  in  late  summer 
cut  a  circular  groove  around  the 
inside  of  the  stalk,  leaving  only  a 
thin  outer  shell  to  support  it.  Ex- 
ternally these  girdled  stalks  may 
appear  normal,  but,  owing  to  the 
weight  of  the  plant  and  the  effect 
of  winds,  they  often  break  over  or 
lodge,  as  shown  in  figure  8.  These 
encircling  grooves  usually  occur 
in  the  first,  second,  or  third  inter- 
nodes  above  ground.  The  fall 
army  worm,  Laphygvia  frugi- 
perda^  also  has  the  habit  of  cutting 
large  pockets  in  the  stalks  near 
the  base  which  are  quite  different 
in  appearance  from  the  girdling 
of  the  southwestern  corn  borer  but 
which  might  be  mistaken  for  it  by 
one  not  familiar  with  the  two 
types  of  injury.  The  pockets  made 
by  the  fall  army  worm  do  not 
usually  result  in  the  lodging  of 
the  plants. 

The  girdling  done  by  the  borer,  as  previously  described,  may 
result  in  considerable  loss  to  the  grower.  This  type  of  damage 
results  after  the  plants  have  reached  maturity  and  is  due  to  the 
gnawing  by  the  mature  larvae  shortly  before  they  enter  their  winter 
cells.  Up  to  75  percent  of  fallen  stalks,  or  even  more,  may  result 
from  this  type  of  injury.  Where  the  lodged  corn  is  harvested  by 
hand  this  occasions  much  extra  labor,  but  if  the  harvesting  is  done 
by  machinery  the  fallen  stalks  are  a  direct  loss. 
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Figure  6. — Typical  external  damage  to 
cornstalks  by  the  southwestern  corn 
borer. 
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GENERAL  DAMAGE 


The  larval  damage  on  any  one  part  of  the  plant,  sucli  as  the 
leaves,  buds,  ears,  or  stalk,  is  not  often  sufficient  in  ilscll  to  cause 
material  loss,  but  the  combined  loss  nniy  prove  serious.  The  per- 
centage of  infestation  in  a  field  is  not  always  an  index  to  the  damage 
that  will  occur.**  A  field  may  have  a  fairly  high  percentage  of  bored 
stalks  and  yet  show  less  damage  than  one  with  less  stalk  infesta- 
tion, on  account  of  favorable  factors,  such  as  fertility  of  the  soil, 
cultural  conditions,  water  supply,  temperature,  and  size  of  plants  on 
initial  infestation.  Plants 
not  attached  until  after 
they  have  attained  a  good 
growth  are  more  likely  to 
withstand  the  attack  than 
are  young,  succulent  ones. 

The  damage  done  by  the 
southwestern  corn  borer 
differs  greatly  in  different 
fields  and  in  different  sea- 
sons, ranging  from  none  to 
a  total  loss  of  the  crop.  It 
is  never  uniform  within 
any  given  district,  even  ad- 
jacent fields  sometimes 
showing  wide  variation  in 
the  damage  suffered.  Com- 
plete destruction  of  a  crop 
by  the  borer  is  compara- 
tively rare  and  occui*s  only 
in  yeai*s  of  severe  regional 
infestation.  On  the  other 
h  a  n  d,  losses  connnonly 
range  between  10  and  50 
percent. 

A  direct  relationship 
exists  between  the  percent- 
age of  infestation  and  the 
damage  within  any  single 
field  at  a  given  time,  but 
this  relationship  is  difficult 
to  evaluate  quantitatively. 
There  is  a  critical  point  to 
which  the  infestation  can 
increase  at  any  given  time  without  apparent  injury,  but  when  the 
infestation  goes  beyond  that  point  the  increased  injury  precludes 
the  possibility  of  complete  recovery,  and  noticeable  damage  inva- 
riably results.  This  point  to  which  the  infestation  may  increase  and 
yet  be  overcome  by  the  plants  necessarily  varies  in  accordance  with 
the  cultural  and  climatic  conditions  under  which  the  crop  is  grown. 


Figure    7. — Coru    plants    stunted    as    a    result    of 
stalk  tunneling  by  the  southwestern  corn  borer. 


•  "  Percentage  of  Infestation  "  as  used  in  this  bulletin  means  in  all  cases  the  number  of 
stalks  infested  per  hundred,  regardless  of  the  number  of  larvae  per  stalk. 
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INVESTIGATIONAL  METHODS 

Where  practicable,  direct  observations  were  made  in  the  field,  but 
it  was  necessary  to  cage  and  rear  specimens  indoors  to  secure  the 
data  on  hatching  and  incubation,  larval  molts  and  instars,  and  the 
duration  of  the  pupal  period.  Emergence,  mating,  oviposition,  and 
longevity  of  the  moths  were  observed  partly  on  plants  under  screen 
cages  in  the  field  and  partly  in  devices  for  indoor  observation.  No 
variation,  however,  was  noted  as  between  field  and  indoor  cages. 

Incubation  and  hatching  of  the  eggs  were  readily  observed  by 
placing  the  clusters,  which  were  either  on  corn  leaves  or  on  waxed 
paper,  in  salve  tins  or  small  glass  vials.  Soft  paper  was  found  to 
be  unsuitable,  as  the  eggs  dried  out,  collapsed,  and  failed  to  hatch. 


Figure  8. 


-Fallen  cornstalks,  in  foreground.     These  had  been  girdled  internally  near  the 
ground  by  the  southwestern  corn  borer. 


It  was  also  found  advisable  to  increase  the  humidity  by  introducing 
strips  of  water-soaked  blotting  paper.  Egg  clusters  could  be  tem- 
porarily withdrawn  and  observed  under  a  binocular,  with  no  ill 
effect  to  them.  Potted  corn  plants  also  were  found  to  be  very  serv- 
iceable in  making  studies  of  the  egg  stage. 

Larval  molts  and  instars  were  observed  by  placing  the  newly 
hatched  larvae  in  tin  salve  boxes  with  a  portion  of  corn-leaf  bud  or 
stalk  for  food — the  bud  during  the  first  three  instars,  the  stalk  dur- 
ing the  succeeding  instars.  Daily  observations  were  made,  in  which 
molting  was  recorded  and  the  body  and  head  casts  were  removed. 
Additional  food  was  supplied  as  needed.  Glass  vials  were  found 
to  be  less  satisfactory  for  the  study  of  larval  development  because 
they  failed  to  afford  the  desired  darkness  and  seclusion  and  were  less 
convenient  to  handle.  The  tin  salve  boxes  also  served  admirably  in 
rearing  and  studying  pupae.    The  larvae  were  allowed  to  pujpate 
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and  the  adults  to  emerge  in  these  boxes,  a  portion  of  green  cornstalk 
serving  to  maintain  the  necessary  moisture. 

Two  sizes  of  16-mesh  screen  cages  were  used  to  study  oyiposition 
and  other  adult  activities  in  the  field,  the  larger  cages  being  3  feet 
and  the  smaller  cages  IV2  ^^^^  each  way,  to  accommodate  different- 
sized  plants.  They  were  open  at  one  end  so  that  they  could  be  set 
over  one  or  more  corn  plants.  A  cylindrical  cage,  6  inches  wide  by 
12  inches  high,  made  of  16-mesh  screen,  was  used  in  the  laboratory 
to  observe  egg  deposition,  mating,  and  longevity  of  the  adults.  These 
cages  were  placed  over  small  potted  corn  plants.  Cardboard  mailing 
tubes  also  made  very  good  cages  for  obtaining  eggs,  when  one  or 
more  fertilized  females  were  confined  therein  together  with  a  piece 
of  waxed  paper  on  which  to  oviposit.  The  moths,  which  normally 
deposit  eggs  after  dark,  are  often  stimulated  into  egg  deposition 
within  the  dark  mailing  tubes  during  the  day  and  readily  oviposit 
on  the  papers,  which  may  be  removed  and  renewed  with  little  trouble. 

DESCRIPTIONS  OF  THE  STAGES 

THE  EGG 

The  egg  is  narrowly  compressed  vertically  or  flattened,  elliptical, 
its  average  length  1.3  mm,  the  average  width  0.8  mm.  The  eggs  are 
quite  uniform  in  size  and  shape.  The  upper  surface  is  slightly  con- 
vex, while  the  lower  surface  assumes  the  shape  of  the  object  upon 
which  it  is  deposited,  this  usually  being  the  leaf  or  stalk  surface. 
About  a  day  after  the  egg  is  laid  a  flat  margin  appears  at  the 
periphery.  The  chorion  has  a  slightly  protruding  network  of  reticu- 
lations, the  lines  of  which  anastomose,  forming  polygons  usually  of 
5  or  6  sides,  somewhat  like  the  meshes  of  chicken-wire  fencing. 

When  first  exuded  from  the  ovarian  tubes,  the  egg  is  translucent 
white  but  shortly  assumes  a  greenish-white  appearance  on  the  plant 
owing  to  the  green  background.  It  gradually  becomes  darker  until 
at  the  end  of  24  hours  it  is  of  a  cream  color,  and  there  also  appear 
three  parallel  transverse  orange-red  lines  or  markings  which  divide 
the  egg  into  four  more  or  less  equal  parts.  These  markings  give 
the  egg  an  orange  hue.  About  24  hours  before  hatching,  the  egg 
becomes  yellow,  and  the  head  and  thoracic  plate  of  the  enclosed  larva 
may  be  seen  through  the  chorion  as  a  black  spot.  Movement  of  the 
larva  may  be  seen  just  before  it  emerges  from  the  shell.  After  the 
larva  has  made  its  exit  through  a  slit  at  one  end  the  chorion  is 
silvery  in  appearance.  This  exit  slit  is  usually  at  the  same  end 
in  all  the  eggs  of  a  cluster  and  aj)pears  uniform  in  size  and  shape. 
The  eggs  are  commonly  deposited  in  a  mass  (fig.  9,  J.)  and  overlap 
one  another  as  do  shingles  on  a  roof. 

Parasitized  eggs  have  a  different  appearance  from  the  normal 
eggs  after  the  parasites  have  developed  to  a  certain  degree  (fig. 
9,  5).  They  are  much  more  easily  distinguished  in  the  field  than 
the  nonparasitized  eggs,  owing  to  their  blackish  color  which  con- 
trasts more  sharply  with  the  green  background  of  the  plant  than 
does  the  color  of  the  nonparasitized  eggs.  The  parasites  escape  from 
the  eggs  by  making  circular  holes  in  the  upper  surface  of  the 
chorion.    These  circular  exit  holes  of  the  parasites  are  more  con- 
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spicuous  than  the  barely  discernible  exit  slits  made  near  the  mar- 
gins of  the  eggs  by  the  issuing  corn-borer  larvae.  The  eggshells 
remain  dark  in  color  even  after  the  parasites  have  emerged. 

THE  LARVA 

The  larvae  of  the  southwestern  corn  borer  present  a  summer  form 
and  a  winter  form.    The  summer  form  (fig.  10,  A  and  B),  which 


Figure  9. 


-Egg  mass  of  the  southwestern  corn  borer  :  A,  normal  eggs ;  B,  eggs  parasitized 
by  Trichogramma  minutum.      X   13. 


occurs  in  the  host  plant  above  ground  during  the  summer,  is  milky 
white  with  a  brown  head  and  prothpracic  plate  and  bears  brownish- 
black  polka  dots  on  the  body.  The  winter  form  (fig.  10,  6/  and 
Z>)  occurs  only  in  the  roots  of  the  host  plant  below  the  ground 
during  the  winter.  The  body  of  this  form  is  a  light  butter-yellow 
color  or  a  little  darker  than  that  of  the  summer  form,  and  the  head 
and  the  prothoracic  plate  are  less  intensely  brown.  The  brownish- 
black  dots  of  the  summer  form  are  missing  in  the  winter  form. 
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When  full  grown  the  larva  is  approximately  25  mm  long  and  from 
3  to  5  mm  wide. 

The  technical  descriptions  of  the  larva,  pupa,  and  adult  have 
been  furnished  by  Carl  Heinrich.  Regarding  these  descriptions  Mr. 
Heinrich  says  that  no  consistent  character,  structural  or  otherwise, 
has  been  found  as  yet  that  will  distinguish  the  larvae  or  pupae  of 
the  corn-feeding  species  of  Diatraea.     The  descriptions,  however, 


FiODRB  10. — Full-grown  larvae  of  Diatraea  grandioaella:  A,  B,  Summer  form,  dorsal  and 
lateral  views;  V,  D,  winter  form,  dorsal  and  lateral  views.     Approximately   X  3. 

will  identify  the  larvae  and  pupae  as  to  genus  and  distinguish  them 
from  anything  other  than  Diatraea  that  may  be  found  in  corn.  The 
adults,  however,  may  be  specifically  identified. 

Larva. — Body  sordid  whitish  with  areas  about  tubercles  strongly  sclerotize<l 
and  blackish  brown  (normal  summer  form)  or  pale  smoky  or  yellowish  (normal 
winter  form).  Skin  smooth.  I'rothoracic  shield  broad,  divided;  pale  yellow 
to  brown,  with  a  transverse  row  of  fuscous  reticulations  near  anterior  margin 
and  a  cluster  of  similar  reticulations  on  each  side  below  the  level  of  setae 
16 — i\b^     A  narrow  pigmented  .shield  on  mesothorax  caudad  of  setae  1°  and 
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I*  bearing  no  setae.  Anal  shield  pale  yellow  with  several  scattered  fuscous 
reticulations.  No  secondary  hairs.  Legs  and  prolegs  normal.  Crochets  of 
abdominal  prolegs  triordinal  and  arranged  in  a  complete  circle  (fig.  11).  Body 
setae  moderately  long ;  yellowish  brown  to  blackish  brown ;  prespiracular  shield 
of  prothorax  narrow,  horizontally  elongate,  bearing  only  two  setae  (IV  and  V) 
(fig.  12,  A)  ;  group  IV  bisetose  on  prothorax,  mesothorax,  and  metathorax; 
IV  and  V  on  abdominal  segments  1  to  8  under  the  spiracle  and  approximate; 
abdominal  segment  9  with  six  setae  distinguishable  (on  each  side),  I  absent 
or  very  greatly  reduced,  IV  and  V  united  and  closely  approximate  to  III,  VI 
long  and  with  an  enlarged  sclerotized  area  surrounding  the  tubercle;  VII 
unisetose;  VIII  short  but  clearly  distinguishable;  setigerous  tubercles  blackish 
brown.  Spiracles  blackish  brown,  elongate  oval;  prothoracic  spiracle  twice 
the  size  of  those  on  abdominal  segments  1  to  7;  that  on  segment  8  slightly 
larger  than  prothoracic  spiracle  and  somewhat  dorsad  of  other  abdominal 
spiracles. 

Head  (fig.  12,  B)  yellow  to  yellowish  brown  with  faint,  dark  reticulations; 
broadly  oval  (nearly  square)  viewed  from  above.  Frons  (FR)  a  trifle  longer 
than  wide,  not  quite  reaching  to  middle  of  head;  frontal  punctures  (F")  close 
together    and    immediately    between    frontal    setae    (F^).    Adfrontal    sutures 

(ADFS)  meeting  longitudinal  ridge 
slightly  behind  middle  of  head. 
Longitudinal  ridge  a  trifle  longer 
than  frons.  Epicranial  setae  and 
punctures  as  flgured ;  anterior  setae 
(A\  A^  A^)  in  a  right  angle;  punc- 
ture A"  closely  approximate  and 
posterior  to  A^;  posterior  setae 
(P^,  P'')  and  puncture  (P^)  lying 
parallel  with  longitudinal  ridge; 
lateral  seta  (L^)  lying  in  a  line 
with  setae  A^  and  A^  also  with 
second  ocellar  seta  (O^)  and  third 
subocellar  seta   (SO^). 

Length  of  full-grown  larva  15-35 
mm. 

THE  PUPA 

On  completing  its  develop- 
ment the  larva  transforms  into 
the  prepupal  stage  and  soon 
thereafter  into  the  pupal  or 
resting  stage  (fig.  13.)  The 
newly  formed  pupa  is  of  the 
same  color  as  the  larva.  The  wing  pads  and  appendages  gradually 
assume  a  darker  color  or  yellowish  color.  The  pupa  at  this  stage  has 
a  delicate  velvety  appearance.  Reddish-brown  reticulations  next  ap- 
pear on  the  dorsum,  which  gradually  darken  until  the  entire  pupa 
assumes  within  a  period  of  less  than  a  day  the  normal  dark-brown 
color  of  the  stage.  The  pupa  ranges  between  13  and  25  mm  in 
length. 

The  male  pupa  is  generally  smaller  than  the  female.  The  genital 
opening  of  the  male  is  located  nearer  the  anal  opening  than  is  that 
of  the  female. 

Pupa. — Elongate,  moderately  stout.  Pilifers  present  and  well  developed. 
Maxillary  palpi  present.  Prothoracic  and  mesothoracic  legs  not  extending 
cephalad  between  sculptured  eyepiece  and  antenna.  Sculptured  and  glazed  eyes, 
labrum,  frontoclypeal  suture,  and  invaginations  for  anterior  arms  of  tentorium 
clearly  indicated.  Front  roughened,  extending  upward  into  two  blunt  hornlike 
projections.  Maxillae  half  the  length  of  the  wings.  Wings  extending  to  mid- 
venter  of  fourth  abdominal  segment.  Mesothoracic  legs  not  extending  to  end 
of  wings.    Metathoracic  legs  extending  to  or  a  trifle  beyond  tips  of  wings.    Fe- 


FiGDBE  11. — Crochets  of  abdominal  prolegs 
of  southwestern  corn  borer  {Diatraea 
grandiosella) . 
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FiGUBi  12. — Setal  map  of  Diatraea  yrainlioisella:  A,  Setae  of  body  of  Beventh-lnstar  larva 

B,  setae  of  head. 
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mora  of  prothoracic  legs  clearly  indicated.  Antennae  not  reaching  tips  of  wings. 
Body  without  hooks  or  prominent  setae.  Cremaster  absent.  Posterior  end 
broad.  Tubercles  of  eighth,  ninth,  and  tenth  segments  developed  into  short, 
stout,  sharp,  thornlike  projections.  Dorsum  of  prothorax,  mesothorax,  meta- 
thorax,  and  the  first  nine  abdominal  segments  rugosely  scobinate ;  on  abdominal 
segments  5,  6,  7,  and  8  the  seobinations  form  a  median  band  encircling  each 
segment.  A  deep  furrow  on  dorsum  separating  ninth  and  tenth  abdominal 
segments.  Genital  openings  slitlike  in  both  sexes.  Anal  opening  a  slit  ter- 
minating in  two  short  lines,  like  an  inverted  Y.  Spiracles  elongate,  oval, 
moderately  large,  dark  brown. 

Color  yellow  or  yellowish  brown,  darkest  at  caudal  and  cephalic  ends;  the 
front,  dypeus,  s<?obinate  areas,  and  enlarged  abdominal  tubercles  dark  brown. 

Length  15-22  mm,  width  3.5-^.5  mm. 


N- 


A  ^^ 
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FiGUBE  13. — Pupa  of  Diatraea  grandiosella:  A,  B,  Ventral  and  dorsal  views  of  male, 
3.2  ;  C,  tip  of  abdomen  of  female,   X  6.4  ;  D,  tip  of  abdomen  of  male,  x   6.4. 

THE  ADULT 


GENERAL  DESCRIPTION 

The  adult  is  a  light-straw-colored  or  sordid  (or  dull)  white  moth. 
The  fore  wings  are  slightly  darker  than  the  hind  wings  and  their 
edges  are  nearly  parallel.  The  hind  wings  are  broad  but  lack  the 
anal  angle,  thus  giving  them  a  semicircular  outline.  The  labial  palpi 
extend  beaklike  forward  and  downward.  When  at  rest  the  wings 
are  folded  close  over  the  body.  The  males  (fig.  14,  A)  are  slightly 
smaller  than  the  females  (fig.  14,  B)  and  a  very  little  darker  in  color. 
The  antennae  of  the  female  are  filiform  proximad  and  very  slightly 
pectinate  distad  and  those  of  the  male  slightly  pectinate.    They  are 
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also  a  trifle  shorter  and  thicker  in  the  male  than  in  the  female,  and 
in  the  dried  specimens  they  tend  to  curl  more.  The  tufts  of  hair 
on  the  tip  of  the  abdomen  of  the  male  are  slightly  dilated  or  fan 
shaped.  The  sexes  can  be  differentiated  positively  by  examining  the 
genitalia. 


FiGTRB  14. — The  southwestern  corn  borer,  Diatraea  yrandiosella:  A,  Male  ;  B,  female.     X  3.4. 

TECHNICAL  DESCRIPTION 

The  original  description  by  H.  G.  Dyar  (4)  is  as  follows: 

Diatraea  grandioxeUa,  new  species. 

A  single  large  female  diflFers  from  the  series  of  Uneolata  in  its  brownish  color, 
without  any  yellow  tint.  The  linings  on  the  veins  and  between  are  very  distinct ; 
terminal  dots  minute,  black;  discal  dot  obsolete.  The  front  is  smooth,  without 
prominence.    Hind  wings  soiled  white. 

One  female,  Guadalajara,  Mexico  (Schaus  collection.) 

Type  no.  13619,  United  States  National  Museum. 

This  may  be  a  variation  of  HneoseUa,  but  it  does  not  match  any  in  the  series. 
In  Ihieolata  when  the  veins  are  strongly  lined  the  intravenular  streaks  are  less 
strongly  marked.     In  grandiosella,  all  are  alike,  heavily  marked. 
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Heinrich's  technical  description  of  the  adult  of  Diatraea  gramdio- 
sella  which  specifically  sets  it  aside  from  other  species  is  as  follows : 

Adult. — Proboscis  minute.  Labial  palpi  porrect  and  down  curved,  smooth, 
extending  over  twice  the  length  of  the  head.  Maxillary  palpi  well  developed; 
triangularly  dilated,  with  scales.  Front  rounded ;  without  tubercle.  Ocelli 
absent.  Fore  wing  with  12  veins ;  3  from  before  angle  of  cell ;  4  and  5  separate 
at  origin ;  6  from  below  apex  of  cell ;  7  at  apex ;  8  and  9  stalked,  from  before 
angle  of  cell ;  10  arising  shortly  basally  thereof ;  11  running  into  12.  Hind 
wing  with  median  vein  pectinate  on  upper  side ;  8  veins ;  7  anastomosing  with 
8 ;  4  and  5  connate  from  the  sharp  angle  of  the  cell ;  6  from  apex  of  cell,  close 
to  the  stalk  of  7-8.     Hind  tibia  of  male  without  tuft. 

Color  of  fore  wing  pale,  whitish,  with  a  slight  yellow  tint;  veins  and  inter- 
venular  lines  brown;  no  transverse  markings;  a  very  faint  (almost  obsolete) 
blackish  discal  dot  and  a  row  of  faint  terminal  dots. 

Male  genitalia  (fig.  15)  with  harpe  simple  except  for  a  slight  hairy  protuber- 
ance  from    base    of   costa.     Tegumen    simple.     Uncus    and    gnathos    strongly 


D  -^^^^ 


Figure  15. — Details  of  male  genitalia  of  Diatraea  grandioseUa:  A,  Tegumen,  uncus,  and 
gnathos  (lateral  view)  ;  B,  same  (three  quarters  view)  ;  G,  harpes,  vinculum,  and 
anellus   (ventral  view)  ;  D,  aedeagus,      (Dyar  and  Heinrich.) 


sclerotized;  broadened  (spatulate)  at  their  tips.  Socii  absent.  Transtilla 
absent.  Anellus  with  long,  slender,  lateral  arms,  each  with  a  short  subapieal 
spur.    Penis  without  cornutus. 

Female  genitalia  (fig.  16)  with  ductus  bursae  extremely  short.  Area  behind 
genital  opening  sclerotized,  this  sclerotization  continuing  in  a  narrow,  some- 
what wrinkled  band  almost  to  ovipositor.  A  heavily  sclerotized  semicircular 
band  in  neck  of  bursa.     Bursa  copulatrix  large,  elongate ;  without  signum. 

Abdomen  of  male  without  hair  tuft  on  second  segment. 

Alar  expanse — male  15-30  mm,  female  20-40  mm. 

SEASONAL  HISTORY 


The  southwestern  corn  borer,  from  observations  made  in  southern 
Arizona  at  an  elevation  of  2,387  feet,  has  two  complete  generations 
and  a  partial  third,  annually,  as  shown  graphically  in  figure  17. 
The  winter  is  passed  as  a  creamy-white  larva,  usually  in  the  lowest 
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part  of  the  main  root  of  the  host  plant.  There  is  considerable  varia- 
tion in  the  time  of  spring  development  and  emergence  of  the  borers, 
even  in  adjacent  fields,  as  different  soil  types  warm  up  in  different 
lengths  of  time,  resulting  in  uneven  development.  On  May  22,  1929, 
a  check  of  the  borers  in  one  field  revealed  tliat  11  percent  had 
emerged  as  adults,  another  field  on  the  same  (hiy  showed  an  emer- 
gence of  25  percent,  while  a  third  showed  that  55  percent  had  escaped 
as  moths. 
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Italia     of    Diatraea    grandiosella, 

ventral    view.      (Dyar   and    Hein-    Figure    17. — Seasonal    history    of    the    southwestern    corn 
rich.)  .  borer   in   a  field  at   Tucson,   Ariz.,   for   1931. 

There  is  such  a  difference  in  the  seasonal  development  of  the  borer 
from  year  to  year  and  in  adjacent  fields  with  apparently  similar 
conditions  that  seasonal-history  charts  for  different  seasons  or  fields 
may  not  be  the  same.  Figure  17,  which  graphically  illustrates  the 
seasonal  development  of  the  borer  for  one  field  at  Tucson,  Ariz.,  for 
1931,  is  presented  to  show  a  typical  seasonal  history  of  the  borer. 

There  is  a  slight  variation  in  the  duration  of  the  life  cycle  as 
between  the  first  and  second  generations,  as  shown  in  table  1. 
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Table  1. — Average  duration  of  the  life  cycle  of  the  southwestern  corn  borer,  hy 
stages,  at  Tucson,  Ariz.,  1929 


Stage 

Generation 

First 

Second 

Egg.... 

Days 

5 

27 

11 

5 

Dayx 

5 

liFva . 

25 

Pupa - 

g 

Adult  (female) . 

5 

Total  .    .      - 

48 

43 

In  the  vicinity  of  Tucson,  Ariz.,  pupation  of  the  overwintered 
larvae  begins  about  April  15.  One  larva,  however,  which  was  car- 
ried over  the  winter  of  1927-28  in  the  laboratory,  pupated  April  3, 
and  emerged  as  an  adult  April  28 — an  early  record  due  doubtless  to 
abnormal,  indoor  conditions.  The  greater  proportion  pupate  dur- 
ing the  first  half  of  May,  and  the  pupal  period  ends  about  the  last 
of  May. 

In  eastern  New  Mexico,  it  has  not  yet  been  possible  to  make  an- 
nual and  continuous  pupation  counts  in  the  field,  but  it  is  evident 
from  scattered  and  interrupted  counts  that  the  time  of  pupation 
from  overwintering  larvae  varies  greatly  in  different  years  and,  on 
the  average,,  occurs  somewhat  later  there  than  in  Arizona.  The 
earliest  pupation  observed  under  cage  conditions  in  New  Mexico 
was  May  14.  The  earliest  field  pupation  recorded  in  undisturbed 
stubble  was  May  22.  Under  the  adverse  condition  obtaining  in  up- 
rooted, weathered  stubs  12  percent  of  the  dead  forms  found  on  May 
15  were  pupae,  although  there  were  no  pupae  to  be  found  in  ad- 
jacent, undisturbed  stubs  on  that  date.  The  peak  of  pupation  ap- 
parently occurs  during  the  first  half  of  June,  and  the  period  ends 
some  time  during  the  last  half  of  June. 

The  pupal  period  of  the  overwintered  larvae  therefore  extends 
over  about  1^2  months,  depending  on  weather  conditions,  latitude, 
and  altitude,  and  disregarding  conditions  which  occasionally  may 
stimulate  earlier  pupation  in  limited  areas  or  retard  it  in  others. 

Emergence  of  adults  from  the  overwintered  generation  normally 
begins  in  the  first  part  of  May  and  ends  during  the  first  days  of 
June  in  the  southwestern  range  of  the  borer  in  Arizona;  in  north- 
eastern New  Mexico  emergence  begins  in  the  latter  half  of  May  and 
ends  some  time  before  June  20.  The  peak  of  emergence  is  usually 
reached  about  May  15  to  20  in  Arizona  and  somewhat  later  in  north- 
eastern New  Mexico.  Slight,  straggling  emergence  has  been  noted 
in  some  years  as  lat€  as  July;  and  in  one  season  (1931)  living  larvae 
still  occurred  in  stubs  as  late  as  July  22.  However,  it  is  improbable 
that  such  larvae  would  become  adults  and  succeed  in  emerging. 

FIRST  GENERATION 

Egg  deposition  normally  begins  48  hours  after  emergence  of  the 
adult.  In  southern  Arizona  ^gg  deposition  of  the  overwintering 
generation  begins  in  the  first  third  of  May  and  extends  into  the  first 
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week  of  June.  In  northeastern  New  Mexico  it  usually  begins  some- 
what later  and  extends  over  an  approximately  equal  period.  Most 
of  the  eggs  have  been  deposited  in  most  years  by  May  25  in  both 
localities,  but  in  some  years  deposition  has  been  prolonged  much 
beyond  that  date,  as  was  shown  at  Tucumcari,  N.Mex.,  in  1927, 
when  corn  which  came  up  as  late  as  June  23  was  infested  by  first- 
generation  borers. 

The  larvae  of  the  first  generation  begin  to  appear  in  the  south- 
western portion  of  their  range  before  the  middle  of  May  and  some- 
what later  in  the  northeastern  portion,  and  may  be  found  in  the 
corn  districts  until  about  the  last  of  July.  Larvae  are  present  in 
the  corn  during  a  period  of  more  than  2  months.  They  are  most 
numerous  during  the  first  half  of  June. 

Pupation  begins  in  southern  Arizona  before  the  middle  of  June 
and  is  practically  over  by  July  25.  Most  of  the  pupae  appear  about 
the  end  of  June.  In  northeastern  New  Mexico  pupation  of  the  first 
generation  normally  begins  soon  after  the  middle  of  July  and  ends 
about  the  middle  of  August. 

Emergence  of  adults  of  the  first  generation  starts  in  southern  Ari- 
zona around  June  20,  reaches  its  peak  near  July  6,  and  is  practically 
over  by  the  last  of  July.  In  northeastern  New  Mexico  adult  emer- 
gence begins  about  the  last  third  of  July  and  is  practically  com- 
pleted by  the  end  of  the  third  week  in  August. 

SECOND  GENERATION 

Eggs  of  the  second  generation  are  first  found  in  the  field  in 
southern  Arizona  by  the  latter  part  of  June  and  become  scarce  by 
the  first  part  of  August.    They  are  most  numerous  near  July  10. 

Larvae  first  appear  the  last  of  June,  and  by  the  last  of  August 
and  the  first  of  September  some  of  them  have  entered  their  winter 
quarters  in  the  stubs.  By  the  last  of  October  practically  all  are  in 
winter  quarters  in  the  stubs,  and  a  considerable  portion  have 
assumed  the  winter  form,  in  which  they  have  lost  their  black  spots. 
After  the  larvae  have  reached  this  condition  they  never  feed  again. 
A  certain  proportion  of  second-generation  larvae,  however  (the  exact 
percentage  differing  in  different  localities  and  even  in  adjacent  fields 
according  to  the  advancement  of  the  larvae),  reach  the  pupal  stage 
and  go  on  to  form  a  partial  third  generation.  The  larvae  which  thus 
continue  their  development  to  the  pupal  stage  consist  largely  of 
those  individuals  derived  from  the  earlier-hatching  second-generation 
eggs. 

Those  second-generation  larvae  that  continue  their  development  to 
produce  a  third  generation  begin  to  pupate  about  the  middle  of 
July,  and  the  last  of  them  have  pupated  by  about  August  25.  The 
pupae  of  this  brood  are  most  numerous  around  August  10. 

Adult  emergence  from  these  second-generation  pupae  starts  about 
the  last  of  July,  reaches  its  peak  near  August  12,  and  continues  to 
about  the  first  of  September. 

The  correspondingly  later  development  of  the  second  generation 
in  northeastern  New  Mexico  results  from  the  later  deposition  of  the 
eggs  of  that  generation,  over  a  period,  roughly,  from  the  third  week 
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in  July  to  the  last  week  in  Aii<rust,  the  maximum  deposition  occurring 
from  about  the  last  of  July  to  about  the  middle  of  August. 

Larvae  first  appear  in  that  section  about  the  last  of  July.  A  large 
proportion  of  this  brood  attain  full  growth  and  prepare  their  winter 
quarters  in  the  tips  of  the  main  roots  by  the  last  week  of  Septemben 
A  smaller  proportion,  averaging  from  perhaps  7  to  15  percent,  are 
i\t  that  time  less  than  half  grown  and  located  high  in  the  stalk. 
These  ar^  for  the  most  part  destined  never  to  mature. 

An  exceedingly  small  portion  of  the  second-generation  larvae 
(probably  only  a  few  of  the  most  advanced  individuals)  pupate  in 
the  latter  part  of  September.  This  has  amounted  to  only  1  or  2 
percent  of  the  forms  found  in  the  field  during  that  period  in  those 
cases  where  special  count  was  made.  In  no  case  have  these  pupae 
been  observed  to  survive. 

PARTIAL  THIRD  GENERATION 

As  previously  stated,  the  adults  which  lay  the  eggs  for  the  third 
generation  begin  to  appear  the  last  of  July.  In  southern  Arizona 
the  deposition  of  the  eggs  which  begin  this  partial  third  generation 
starts  during  the  last  days  of  July  and  is  completed  in  the  first  days 
of  September,  the  peak  of  the  egg-laying  period  being  reached  close 
to  the  middle  of  August. 

Very  few  of  these  eggs  have  hatched  in  the  years  1927  to  1930, 
inclusive,  to  complete  the  third  generation  owing  to  the  attacks  of 
the  egg  parasite  Trichogrammha  fninutum.  A  survey  in  cornfields 
of  the  eggs  of  the  partial  third  generation,  conducted  at  Tucson 
in  1928,  revealed  that  over  90  percent  of  them  had  been  parasitized. 
Apparently  a  large  part  of  those  that  did  hatch  failed  to  mature 
because  of  the  inability  of  the  larvae  to  bore  into  the  toughened 
cornstalks.     A  few,  however,  were  able  to  survive  the  winter. 

While  in  a  few  cases  second-generation  pupae  have  been  observed 
to  transform  to  adults  in  northeastern  New  Mexico,  eggs  of  a  third 
generation  have  never  been  found.  There  could  be,  at  most,  only  the 
mere  beginning  of  a  third  generation  in  that  district,  and  this  would 
be  cut  off  by  harvest  and  colder  weather. 

EFFECT  OF  ELEVATION  AND  LATITUDE  ON  SEASONAL  HISTORY 

Observations  carried  on  in  the  Sulphur  Springs  Valley,  Ariz., 
which  has  an  elevation  of  approximately  4,000  feet  and  a  latitude  of 
about  31°45'  N.  showed  considerable  variation  in  the  seasonal  habits 
of  the  southwestern  corn  borer  from  those  occurring  in  the  vicinity 
of  Tucson,  where  there  is  an  elevation  of  approximately  2,000  feet 
and  a  latitude  of  about  32°  15'  N.  The  emergence  of  the  spring 
adults  was  approximately  2  to  4  weeks  later  in  Sulphur  Springs 
Valley  than  at  Tucson.  By  the  time  the  adults  of  the  first  genera- 
tion at  Sulphur  Springs  Valley  emerged  they  were  about  3  weeks 
behind  those  at  Tucson.  However,  the  larvae  of  the  second  genera- 
tion at  Sulphur  Springs  valley  started  into  the  winter  form  about 
1  or  2  weeks  in  advance  of  those  at  Tucson. 

The  higher  elevation,  accompanied  by  a  shorter  growing  period 
(fig.  18,  A  and  B)^  retarded  the  development  of  the  borer  in  the 
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spring  and  summer  as  compared  with  the  borer  in  the  lower  eleva- 
tion, but  hastened  the  development  of  the  larvae  into  the  winter  form. 
The  situation  is  similar  in  the  vicinity  of  Tucumcari,  N.Mex., 
elevation  4,100  feet,  latitude  about  35°  10'  N.  Examinations  of  the 
condition  of  the  larvae  during  the  period  September  24  to  October 
7  have  shown  from  90  to  95  percent  of  them  to  be  in  hibernation 
quarters,  with  a  belated  few  crawling  about  looking  for  a  place  of 
entry. 

LIFE  HISTORY  AND  HABITS 

THE  EGG 

DEPOSITION 

Eggs  are  deposited  both  singly  and  in  groups  or  clusters,  field 
counts  showing  a  range  of  from  1  egg  to  clusters  of  9  or  more, 
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Figure  18. — Mean  temperatures  of  two  districts  of  different  elevations  in  southern  Ari- 
zona during  the  active  corn-borer  season  :  A,  At  Tucson,  altitude  approximately  2,000 
feet ;  B,  at  Sulphur  Springs  Valley,  altitude  approximately  4.000  feet. 

with  an  average  of  approximately  5.  When  moths  were  confined 
in  screen  cages,  they  deposited  an  average  of  approximately  nine  eggs 
per  cluster,  or  nearly  twice  the  normal  field  number.  The  largest 
number  in  a  single  cluster  under  screened-cage  conditions  in  the 
laboratory  was  119. 

The  rate  of  o^gg  deposition  and  the  size  of  the  clusters  are  usually 
greatest  during  the  first  and  second  days  of  ovi position.  Each  suc- 
ceeding day  the  number  of  clusters  and  of  eggs  per  cluster  become 
less  until  the  end  of  the  fourth  day,  when  oviposition  practically 
ceases.  Immediately  after  emergence  most  of  the  females  bear  a 
heavy  burden  of  eggs  and  hence  are  sluggish  and  not  readily  dis- 
turbed. This  probably  accounts  for  the  larger  size  of  the  clusters 
observed  during  the  first  part  of  the  oviposition  period  and  the 
decrease  in  the  number  of  eggs  per  cluster  during  succeeding  days. 

The  number  of  eggs  laid  by  1  female  under  field  conditions 
ranges  from  perhaps  150  or  less  to  as  many  as  400.  One  female 
placed  in  a  screen  field  cage  deposited  299  eggs;  another,  however, 
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confined  under  similar  conditions,  deposited  118.  Females  con- 
fined singly  in  small  screen  cages  in  the  laboratory  had  an  egg- 
deposition  range  of  from  66  to  489  eggs  each.  The  data  from  the 
cages  are  shown  in  table  2. 

Table  2. — Number  of  eggs  laid  ty  females  of  Dlatraea  grandiosclla  {rnie  female 
in  each  cage)  at  Tucson,  Ariz.,  1929-30 


Cage  no. 

Date 

Masses 

Eggs 

Cage  no. 

Date 

Masses 

Eggs 

1 

1929 
July     8 

...do 

...do..... 
Aug.    9 
Aug.  10 
Aug.  15 

1930 
May     1 
May    3 

Number 
28 
37 
26 
43 
35 
16 

Number 
340 
262 
230 
414 
299 
118 

375 
196 

9-. 
10.. 
11-. 
12-. 
13-. 
14.. 
15.. 

1930 
May    3 
May    4 
May    7 

-.-do 

May  11 
May  16 
May  17 

Number 
90 
33 
44 
63 
33 
23 
8 

Number 
157 

2 

90 

3 

137 

4 



489 

6 

200 

6 

311 

66 

7 

41 

246 

8... 

In  ovipositing,  the  moth  extends  the  tip  of  her  abdomen  down- 
ward to  the  surface  of  the  plant,  exserts  the  ovipositor,  and  deposits 
and  tamps  the  eggs  in  place  one  after  another.  The  female  remains 
motionless  during  oviposition  except  for  a  very  slight  trembling  of 
the  tip  of  the  abdomen,  and  often  deposits  an  entire  cluster  without 
moving  the  remainder  of  her  body.  The  eggs,  as  they  exude  from 
the  ovaries,  are  pliable  and  globular,  but  immediately  upon  deposi- 
tion they  are  tamped  into  their  final,  flattened,  disk-like  form  by  the 
tip  of  the  ovipositor. 

The  time  required  to  deposit  one  egg  varies  greatly,  the  rate  of 
deposition  seeming  to  depend  largely  on  the  number  of  developed 
eggs  in  the  ovarian  tubes  at  the  time  of  oviposition.  Females  having 
many  fully  developed  eggs  in  their  ovisacs  have  been  observed  to 
deposit  an  egg  approximately  every  9  seconds,  whereas  females  not 
distended  with  eggs  have  taken  over  a  minute  to  deposit  1.  The 
rate  of  egg  deposition  is  lower  in  nonfertilized  than  in  fertilized 
females  owing  to  slower  egg  development  in  the  former.  Nonfer- 
tilized females  have  been  observed  to  take  as  long  as  3%  minutes  to 
deposit  an  egg.  Oviposition  is  not  continuous  until  the  entire  supply 
of  eggs  is  exhausted,  but  is  interrupted  at  intervals  between  clusters 
for  more  or  less  prolonged  rest  periods. 

WHERE  EGGS  ARE    LAID 

Under  field  conditions  the  eggs  are  deposited  only  on  the  leaves 
and  stalk  of  the  host  plant,  most  of  the  clusters^being  found  on  the 
lower  half  of  the  plant.  The  most  favored  location  is  the  upper 
surface  of  the  leaf  within  a  foot  of  the  angle  between  leaf  and  stalk. 
A  less  favored  location  is  the  lower  leaf  surface,  and  a  third  choice 
the  stalk  itself.  As  a  rule  a  greater  number  of  clusters  are  found  on 
the  upper  leaf  surface  than  on  both  lower  surface  and  stalk  together. 
A  field  count  to  determine  the  preference  in  place  of  egg  deposition, 
made  near  Tucumcari,  N.Mex.,  in  1923,  however,  showed  approxi- 
mately 50  percent  deposited  on  the  upper  surface  of  the  leaves,  35 
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percent  on  the  lower  surface,  and  15  percent  on  the  leaf  sheaths  sur- 
rounding the  stalks. 

Eggs  may  be  deposited  indiscriminately  when  the  moths  are  im- 
prisoned and  living  under  more  or  less  abnormal  conditions.  This 
was  illustrated  by  a  case  where  several  pairs  of  moths  were  confined 
in  a  screen  cage  in  a  cornfield.  Their  e^^ig  clusters  were  found  on 
grass,  weeds,  dry  corn  leaves,  living  pui)ae,  and  the  cage  walls,  as 
well  as  on  the  corn  plant  within  the  cage. 

PERIOD  OF  INCUBATION 

The  period  of  incubation  at  Tucson  was  consistently  5  days  dur- 
ing most  of  the  season.  Eg^s  deposited  on  paper  or  on  dry  corn 
leaves  in  the  laboratory  occasionally  required  6  or  more  days,  owing 
perhaps  to  a  difference  in  temperature  and  moisture  as  compared 
with  field  conditions.  When  the  clusters  were  allowed  to  become  too 
dry,  the  eggs  failed  to  hatch.  Cooler  weather  occurring  in  the  early 
part  of  the  season  or  adverse  weather  conditions  during  the  summer 
have  been  observed  to  retard  egg  development. 

FERTILITY 

Not  all  of  the  eggs  deposited,  even  by  fertilized  females,  hatch 
(table  8).  The  percentage  of  fertile  eggs  in  the  total  deposition  by 
7  individual  females  known  to  have  mated  was  determined,  and  it 
was  found  that  the  infertile  eggs  were  those  deposited  at  the  begin- 
ning and  at  the  end  of  the  oviposition  period.  Fertility  was,  how- 
ever, consistently  high,  as  was  indicated  by  the  fact  that  from  74  to 
99  percent  of  the  entire  output  of  each  moth  hatched,  the  average 
hatch  for  all  the  eggs  being  89  percent.  The  infertility  found  may 
have  been  due  to  unnatural  conditions  caused  by  the  caging,  since  it 
is  very  difficult  to  find  infertile  eggs  in  the  field.  On  the  other  hand, 
infertile  eggs  deposited  in  the  field  may  dry  up  quickly  and  blow 
away  and  thus  escape  observation. 


Table  3. — Fertility  of  egg  of  the  southicesteni  corn  borer  {one  female  in  each 
mge),  at  Tu€8(yn,  Ariz.,  1930 


Cage  no. 

Eggs 
depos- 
ited 

Fertile 
eggs 

Infer- 
tile 
eggs 

Pro- 
por- 
tion 
fertile 

Cage  no. 

Eggs 
depos- 
ited 

Fertile 
eggs 

Infer- 
tile 
eggs 

Pro- 
Son 
fertile 

Num- 
ber 
378 
196 
157 
90 

Num- 
ber 
280 
163 
138 
82 

Num- 
ber 
98 
33 
19 
8 

Per- 
cent 
74 
83 
88 
91 

5. 

Num- 
ber 
137 
489 
299 

Num- 
ber 
132 
484 
278 

Num- 
ber 
5 
5 
21 

Per- 
cent 
96 

2 

6 

99 

3  

7 

93 

4 

Total  or  average -- 

1,746 

1,557 

189 

89 

Unmated,  caged  females  usually  deposited  eggs  in  the  typical  clus- 
ters, but  their  eggs  have  invariably  failed  to  mature  or  even  to  change 
color,  merely  drying  up  and  disintegrating.  One  such  female  which 
emerged  in  a  tin  box  lived  for  5  days  and  deposited  105  eggs. 
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HATCHING 

Hatching,  in  general,  takes  place  during  the  daylight  hours  and 
commonly  in  the  morning.  The  larva  (fig.  19)  liberates  itself  from 
the  eggshell  by  forcing  its  head  through  at  one  end  and  making  a 
slit  large  enough  to  crawl  through.  These  slits  are  all  uniform  in 
a  cluster  and  at  the  same  side  of  each  egg,  and  close  observation  is 
necessary  to  determine  just  where  the  larvae  escaped. 

The  hatching  of  the  eggs  of  an  individual  cluster  is  usually 
completed  within  a  few  hours  after  it  has  started,  although  in  excep- 
tional cases  the  hatching  may  extend  over  an  entire  day.  Wind  and 
rain  soon  dislodge  the  empty  eggshells,  so  early  observation  after 
the  hatching  period  is  necessary  in  order  to  find  the  empty  eggshells. 


/ 

Figure  19. — First-instar  larva  of  Diatraea  grandiosella.      X  35. 
THE  LARVA 

FEEDING  HABITS 

The  newly  hatched  larvae  are  very  active  and  usually  begin  to 
feed  very  soon  after  they  are  free  from  the  eggshells.  Larvae  from 
first-generation  eggs  deposited  on  the  open  leaves  may  feed  close  to 
the  place  of  oviposition  for  one  or  more  instars  before  entering  the 
folded  leaves  of  the  bud  or  growing  point;  however,  they  more  often 
crawl  to  the  bud  to  begin  their  feeding.  The  newly  hatched  larvae 
do  not  eat  the  empty  eggshells  as  do  some  other  lepidopterous  larvae. 

Larvae  hatched  from  eggs  laid  near  the  center  of  the  larger  leaves 
often  tunnel  into  the  midrib  of  the  leaf,  where  1  or  2  instars  may  be 

Eassed.  Such  tunneling  is  accompanied  by  a  small  amount  of  fine 
rown  f rass  mingled  with  the  cast  skins  of  the  larval  molts.  Upon 
reaching  the  curled  leaves  the  young  larvae  eat  their  way  directly  or 
indirectly  to  the  center  of  the  fold.  Surface  feeding  causes  trans- 
lucent areas  in  the  leaves  ranging  from  mere  dots  to  patches  a 
quarter  of  an  inch  wide  by  1  to  2  inches  long,  the  green  layers  of  the 
leaf  being  eaten  away  (fig.  4).  Where  a  larva  eats  horizontally 
through  the  folded  leaves,  a  horizontal  row  of  small  holes  afterward 
appears  in  such  leaves  when  they  unfold.     On  the  other  hand,  those 
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which  feed  downward  into  the  bud  leave  long  narrow  areas  of  trans- 
parent epidermal  tissue  or,  if  their  course  is  diagonal,  irregular  slits 
and  holes.  Any  of  these  types  of  feeding  causes  a  decidedly  ragged 
appearance  in  the  expanded  leaves. 

During  the  third  or  early  fourth  instar  the  larvae  leave  the  bud 
and  work  their  way  down  the  outside  of  the  stalk;  some  wedge 
themselves  between  the  leaf  sheath  and  stalk  (fig.  20),  tunneling 
downward  and  inward  as  they  go,  while  others  crawl  to  within  a 
few  inches  of  the  ground,  where  they  eat  directly  into  the  stalk, 
making  a  hole  about  one 
eighth  of  an  inch  in  diam- 
eter. An  occasional  larva 
may  eat  directly  downward 
into  the  stalk  from  the  bud. 
Once  inside  the  stalk,  they 
tunnel  either  up  or  down, 
usually  for  a  distance  of 
from  3  to  12  inches  and  per- 
haps 6  inches  on  an  average. 
The  length  of  the  tunnel 
depends  on  the  size  of  the 
larva  at  the  time  it  enters 
the  stalk,  the  smaller  larvae 
tunneling  farther  than  the 
larger  ones.  The  tunnels 
gradually  increase  in  size 
until  the  larvae  are  full 
grown,  at  which  time  they 
are  about  one  fourth  inch  in 
diameter  at  the  larger  end. 

It  is  quite  usual  to  find 
larvae  entering  the  stalk  in 
the  angle  between  leaf  and 
stalk,  because  the  leaf  angle 
affords  them  footing  and 
shelter  from  weather  and 
enemies  while  entering  the 
stalk.  This  is  especially 
true  of  the  second  genera- 
tion when  entering  older 
plants  which  have  the  lower 
portion  of  the  stalks  tough  and  woody.  The  feeding  of  larvae  of  the 
second  generation  on  young  corn,  however,  simulates  that  of  larvae 
of  the  first  generation. 

Early-instar  larvae  of  the  partial  third  generation  on  old  corn 
plants  having  tough  dry  leaves  often  wedge  themselves  between 
the  leaf  and  stalk,  even  in  the  early  instars,  to  get  succulent  food. 
Belated  larvae,  when  entering  the  stalk  for  hibernation,  often  avoid 
the  sleek,  tough,  exposed  stalk  base  by  boring  in  between  rows 
of  brace  roots,  or  even  into  these  roots  themselves.  Occasionally  a 
tunnel  is  bored  completely  around  the  stalk  in  the  vicinity  of  the 
brace  roots. 


FuiURE  20. — Leaf  of  a  corn  plant  pulled  down  to 
expose  the  entrance  hole  of  a  partly  grown 
larva  at  the  junction  of  leaf  and  stalk. 
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CANNIBALISM 

Cannibalism  is  of  frequent  occurrence  among  such  larvae  as  come 
into  contact  with  one  another  through  crowding,  either  in  the 
field  or  in  breeding  cages.  When  there  are  as  many  as  four  full- 
grown  larvae  in  a  single  stalk,  frequently  but  one  will  survive  to 
})upate.  Many  of  the  overwintering  larvae  are  killed  in  this  way 
while  attempting  to  reach  the  tip  of  the  main  root,  and  the  authors 
believe  that  cannibalism  is  an  important  cause  of  the  usual  survival 
of  but  one  larva  to  enter  winter  quarters  in  a  single  root  stock. 
An  example  of  what  probably  often  happens  was  observed  by  Davis, 
who  found  three  larvae  in  separate  tunnels  which  converged  about 
0  inches  from  the  base  of  a  single  stalk.  The  larva  first  to  reach 
the  tip  of  the  main  root  was  destroyed  by  the  second  to  arrive,  and 
as  the  stalk  w^as  being  split  the  third  larva  was  found  in  the  act 
of  destroying  the  second  one. 

Four  is  the  maximum  number  of  larvae  found  hibernating  in  a 
single  root,  and  this  number  is  rarely  encountered.  It  is  seldom 
that  as  many  as  10  percent  of  the  infested  stalks  are  found  to  harbor 
more  than  one  larva. 

MIGRATION 

Larval  migration,  in  the  true  sense  of  the  word,  has  not  been 
observed.  Larval  movement  ordinarily  is  restricted  to  movements 
from  egg  cluster  to  leaf  bud  and  from  there  to  the  lower  portions 
of  the  stalk.  There  is  some  wandering  of  larvae  from  one  part  of 
the  plant  to  another;  and,  in  cases  of  abundance  of  larvae  on  one 
plant,  there  has  been  some  evidence  of  transfer  to  other  nearby 
plants.  Movement,  however,  is  in  all  probability  very  largely  re- 
stricted to  the  original  host  plant. 

MOLTING 

Prior  to  molting,  the  larva  becomes  motionless  and  less  readily 
disturbed.  The  skin  then  divides  at  its  juncture  with  the  head  cap- 
sule, and  the  larva  slowly  works  its  wa}^  forward,  pushing  the  head 
capsule  aside  and  the  body  skin  back,  freeing  one  segment  at  a  time, 
by  peristaltic  movements  from  front  to  rear.  The  larva  forces  its 
head  cast  forward  and  off  by  pressing  against  some  object,  or  by 
using  the  prothoracic  legs,  or  by  both.  Larvae  observed  in  the 
laboratory  completed  the  molting  process  in  a  few  minutes. 

The  number  of  molts  varies  according  to  environment,  being  com- 
paratively small  under  favorable  field  conditions  and  fairly  large  in 
the  unfavorable  environment  of  the  breeding  cage.  Larvae  of  the 
first  generation  usually  molt  but  5  times,  occasionally  6  times.  Those 
of  the  second  generation  that  complete  the  cycle  ordinarily  molt  6 
times,  with  an  occasional  borer  molting  7  times.  The  increased 
number  of  molts  of  second-generation  larvae  is  probably  due  to 
declining  temperatures  during  that  part  of  the  season.  Larvae  of 
the  winter  form  in  tin  boxes  have  been  observed  to  molt  as  many 
as  10  times,  8  molts  being  the  most  usual.  The  number  of  molts  of 
overwintering  larvae  under  field  conditions  after  they  have  entered 
the  winter  cells  probably  does  not  exceed  2  and  appears  to  be  usually 
1,  as  revealed  by  field  examinations  of  the  winter  cells  in  the  spring. 
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INSTARS 

Immediately  after  molting  the  larvae  are  immaculate,  creamy 
white,  but  soon  assume  the  characteristic  markings.  The  pigmented 
areas  about  the  setae  first  become  gray,  but  later  they  grow  darker. 
Similarly,  the  head  capsule  and  thoracic  plate,  which  are  pale  imme- 
diately after  molting,  soon  darken  to  the  normal  color.  Immediately 
after  hatching  (fig.  19)  the  head  capsule  and  thoracic  plate  are  very 
dark  brown,  almost  black,  but  become  lighter  after  each  succeeding 
molt  until  the  dark  amber  color  of  the  fully  developed  larva  is 
reached. 

There  is  considerable  variation  in  the  length  of  the  mstar  periods 
as  determined  from  specimens  reared  in  the  laboratory,  as  shown  in 
table  4.  Most  of  the  larvae  reared  in  cages  had  6  instars,  although  a 
few  had  7.  Toward  the  end  of  the  season  it  is  not  unusual  for 
larvae  in  salve-box  cages  to  pass  through  8  or  even  9  instars.  The 
third  instar  required  the  least  time,  the  final  instars  the  most. 

The  average  length  of  the  larvae  at  the  beginning  of  each  instar 
is  as  follows:  First  instar  1.55  mm,  second  instar  4.5  mm,  third  instar 
7.5  mm,  fourth  instar  10.5  mm,  fifth  instar  16  mm,  and  the  sixth 
instar  23  mm.  The  length  of  the  larva  in  each  instar  is  governed 
by  the  rapidity  with  which  it  grows.  Growth  of  the  larva  in  turn 
is  governed  by  many  factors,  among  which  temperature  and  quality 
and  quantity  of  food  play  an  important  part.  If  the  temperature 
drops  sufficiently,  the  metabolism  of  the  insect  is  retarded  and  thus 
its  development  is  delayed ;  and  a  similar  result  is  brought  about  by 
unsuitable  or  insufficient  food.  Thus  variations  exist  in  the  length 
of  the  instars  and  the  length  of  the  larval  period,  each  of  which 
may  be  either  increased  or  decreased,  from  time  to  time,  depending 
on  the  conditions. 

Table  4. — Lenyih  of  the  inatars  of  .wmmer  larvae  of  the  southioestem  coi-n 
borer,  Tucsmi,  Ariz.,  June  23  to  Oct.  1,  1929 


Indi- 
viduals 

Length  of  instar  period 

Instar 

Indi- 
viduals 

Length  of  instar  period 

Instar 

Min- 
imum 

Max- 
imum 

Aver- 
age 

Min- 
imum 

Max- 
imum 

Aver- 
age 

First 

Num- 
ber 
60 
51 
44 
36 

Days 

1 
1 
3 

Days 
6 
4 
4 
5 

Days 
3.68 
2.51 
2.43 
3.47 

Fifth 

Num- 
ber 
29 
20 
4 

Days 
3 
3 
6 

Days 
11 
12 
12 

Days 
6.38 

Sixth 

6.80 

Third 

Seventh        

10.00 

Fourth 

DURATION  OF  LARVAL  PERIOD 


The  larval  stage  of  the  southwestern  corn  borer  has  the  greatest 
duration  and  is  the  most  variable  of  its  stages.  Larvae  reared  from 
the  same  egg  cluster,  under  the  same  conditions,  often  differ  con- 
siderably in  the  duration  of  their  instars.  The  average  duration  of 
the  larval  stage  of  the  first-generation  larvae  at  Tucson  in  1929 
ranged  from  20  to  30  days. 

Larvae  of  the  second  generation  develop  less  uniformly  than  those 
of  the  first,  the  average  time  at  Tucson  in  1929  being  between  25 
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and  35  days.  Specimens  reared  in  the  laboratory  in  the  fall  varied 
as  much  as  30  days,  but  this  was  caused  by  the  cooler  weather  at  this 
time  of  year.  Those  larvae  that  survive  the  winter  have  a  larval 
period  lasting  from  July  of  one  year  until  May  of  the  following 
year,  a  period  of  about  lOi/^  months. 

Such  larvae  of  the  partial  third  generation  as  are  able  to  survive 
are  present  in  the  field  from  August  or  September  of  one  year  until 
May  of  the  following,  a  period  of  from  8  to  9  months. 

HIBERNATION 

FALL    ACTIVITY 


With  the  intervention  of  cooler  fall  weather  a  large  majority  of 
the  full-grown  larvae,  and  some  not  yet  quite  full  grown,  leave  their 

feeding  places  higher  up 
in  the  stalk  and  move  to 
its  base,  entering  either  by 
tunneling  down  the  stalk; 
by  gnawing  in  through 
sound  tissue;  or,  more 
rarely,  through  the  exit 
hole  of  a  borer  of  the  pre- 
ceding generation.  Upon 
reaching  the  extreme  base 
of  the  stalk  (fig.  21)  they 
hibernate.  After  reaching 
this  favored  position  the 
larva  clears  the  tunnel  to  a 
point  just  above  ground 
line,  plugging  the  entrance 
hole  with  frass,  in  case  it 
entered  the  stalk  at  that 
point,  or  plugging  the  tun- 
nel on  the  inside  of  the 
stalk  in  case  it  tunneled 
down  the  stalk.  As  previ- 
ously stated,  before  pre- 
paring their  winter  cells, 
larvae  in  certain  sections 
of  the  infested  area  often 
chew  a  ring  notch  around 
the  inside  of  the  stalk  a 
short  distance  above  the 
ground,  thus  leaving  only  a  thin  outer  shell  to  support  the  stalk. 

In  certain  sections,  especially  in  the  more  easterly  range  of  the 
borer,  where  lighter  soils  are  more  prevalent  and  the  stubble  may 
have  been  cultivated  with  a  lister  between  rows  to  prevent  blowing  of 
the  soil,  the  roots  may  be  buried  in  the  fall  to  a  considerable  depth. 
In  these  cases  the  larvae  do  not  always  go  to  the  tip  of  the  under- 
ground stalk. 

A  case  was  noted  by  E.  V.  Walter  at  Verden,  N.Mex.,  in  which 
corn  had  been  listed  deeply  and  later  a  heavy  rain  had  added  several 


Figure  21. — Summer  larva  of  the  southwestern 
corn  borer  preparing  a  hibernation  cell  at  the 
base  of  the  stalk  of  a  corn  plant.     Natural  size. 
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inches  of  sand  from  a  neij;hborin<;  hillside,  thus  burying  the  stalk 
bases  to  a  depth  of  a  foot  or  more.  Here  the  pupae  were  found  in 
tunnels,  usually  about  4  or  5  inches  below  the  surface. 

The  first  noticeable  change  in  the  transition  of  the  larva  from  the 
summer  to  the  winter  form  is  that  from  the  general  milky  coloring 
of  the  former  to  the  creamy  coloring  of  the  latter.  The  next  notice- 
able change  is  in  the  spots  about  the  setae,  which  gradually  grow 
paler  until  the  larvjf  finally  molts  and  assumes  the  true  immaculate 
winter  form. 

Soon  after  this  transition  the  larva  cleans  out  the  lower  end  of 
the  tunnel  for  a  distance  of  1  to  3  inches,  and  spins  a  frail,  yellowish 


FiGURK    22. 


-A,  Larva  of  the  southwestern  corn  borer  in  hibernation  at  the  base  of  a 
corn  plant,   x   %\  B,  prepupal  stage  of  the  larva,  X   %• 


silken  lining  to  the  wall  of  the  tunnel  from  the  bottom  to  the  plug. 
It  then  becomes  inactive  within  the  enclosure  and  is  in  the  true 
winter  condition  as  shown  in  figure  22. 

As  previously  stated,  the  movement  down  the  stalk  to  hibernating 
quarU^rs  is  executed  either  by  tunneling  down  through  the  stalk  or 
by  emerging  from  the  upper  stalk  portion,  crawling  down  to  its 
basal  portion,  and  reentering  there.  The  tunnels  within  the  stalk 
are  often  from  points  2  or  3  feet  above  the  ground  but  usually  are 
less  than  a  foot  long.  The  movement  of  the  larvae  down  the  outside 
of  the  stalks  is  more  common  in  old,  tough  stalks  where  internal 
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tunneling  is  difficult.  In  southern  Arizona  the  first  larvae  that  seek 
hibernating  quarters  in  the  fall  usually  tunnel  downward  through  the 
stalk  but,  as  the  season  progresses  and  the  stalks  become  more  tough 
and  fibrous,  the  numbers  that  crawl  down  the  outside  of  the  stalks 
and  reenter  at  the  surface  of  the  ground  increase.  In  the  north- 
eastern portion  of  its  range  in  New  Mexico  the  hibernating  larvae 
almost  exclusively  crawl  down  the  outside  of  the  stalks  and  reenter 
near  the  ground.  This  movement  from  the  upper  to  the  lower  por- 
tions of  stalks  is  not  a  mass  movement,  as  it  is  scattered  over  a  period 
of  from  2  weeks  to  a  month,  but  is  due  rather  to  individual  hiberna- 
tion stimulus.  The  entry  holes  can  be  distinguished  from  the  exit 
holes  by  their  fresh  appearance  and  by  their  being  plugged  with 
frass. 

SPRIx\G   ACTIVITY 

In  the  spring,  normally  during  April  in  southern  Arizona  and 
later  in  the  northeastern  portion  of  its  range,  the  larva  becomes 
active  when  metabolism  is  accelerated  by  rising  temperatures.  The 
larva  first  cleans  out  its  tunnel  and  prepares  it  for  the  exit  of  the 
emerging  adult  by  extending  it  to  the  stalk  surface  and  assuring  that 
its  exit  opening  shall  have  a  protective  cap  or  cover  by  leaving  a  thin 
shell  of  the  outer  surface. 

As  soon  as  the  emergence  tunnel  is  completed,  the  larva  spins  a 
thin  cocoon  at  the  lower  end  of  the  tunnel  in  which  to  pupate.  This 
is  composed  of  a  fine  silken  thread  exuded  from  the  spinneret  of  the 
larva,  combined  with  a  small  quantity  of  frass  and  fragments  of  the 
cornstalk  woven  into  the  mesh  of  the  thread.  The  thread  is  first 
attached,  a  few  lengths  at  a  time,  to  the  side  of  the  tunnel  by  lateral 
motions  of  the  head,  then  the  cocoon  is  gradually  formed.  When 
completed  it  is  fragile  and  just  large  enough  to  contain  the  larva. 
Often  the  larva  within  may  be  seen  through  the  side  of  its  cocoon. 

THE  PREPUPA 

Shortly  before  transformation  to  the  pupal  stage,  the  larva  under- 
goes a  change  resulting  in  the  prepupal  condition  shown  in  figure  22, 
B.  No  molting  occurs  when  this  state  is  entered,  and  in  general  the 
larval  shape  and  color  are  maintained.  There  is,  however,  a  notice- 
able constriction  of  the  anterior  portion  of  the  abdomen,  the  ab- 
dominal skin  becoming  tightly  stretched  and  the  body  straight  and 
rigid.  The  thoracic  segments  become  pale  amber  yellowish  and  are 
more  pronounced.  When  disturbed,  the  prepupa  reacts  by  squirming 
from  side  to  side.     The  duration  of  this  stage  is  about  1  day. 

Before  molting  from  the  prepupa  to  the  pupa,  the  skin  of  the 
former  is  stretched  tightly  and  smoothly  over  the  fore  part  of  the 
body  and  accumulates  in  loose,  wrinkled  folds  posteriorly,  imparting 
a  grayish  color  to  the  abdomen.  The  skin  eventually  becomes  so 
tight  that  the  head  capsule  splits  longitudinally  on  the  dorsum. 
The  anterior  end  of  the  pupa  is  then  forced  through  this  opening 
and  the  skin  slowly  forced  caudad  by  body  movements  until  the  pupa 
is  free.  Specimens  in  the  laboratory  required  about  20  minutes  for 
this  process. 
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THE  PUPA 

PLACE  OF  PUPATION 
BUMMER-UENESATION    PUPAE 

The  pupal  period  of  the  summer  form  is  usually  passed  in  the 
stalks  above  tne  surface  of  the  ground.  Pupation  normally  takes 
place  in  the  larval  tunnel  anywhere  from  the  surface  of  the  ground 
to  about  3  feet  up  the  stalk.  In  the  northeastern  portion  of  the 
insect's  range  the  most  common  place  of  pupation  of  this  genera- 
tion is  in  the  fii-st  to  fifth  internodes  above  the  ground.  It  is  not 
unusual,  however,  to  find  pupae  below  the  surface  of  the  ground  or 
above  a  height  of  3  feet.  Occasionally  a  pupa  may  be  found  in 
the  shank  of  the  ear  or  in  the  bud  of  the  plant,  and  still  more  rarely 
one  may  be  found  in  the  ear  proper.  The  normal  place  of  pupation, 
however,  is  in  the  lower  internodes  of  the  stalk  above  ground. 

PUPAE  OF   THE    HIBERNATING   GENERATION 

Pupation  of  the  larvae  that  have  survived  the  winter  invariably 
takes  place  below  the  surface  of  the  ground,  as  shown  in  figure  23. 
With  a  few  rare  exceptions,,  the  pupal  period  is  passed  in  the  base 
of  the  stalk.  An  exceptional  pupa  may  be  found  in  one  of  the 
larger  secondary  roots  or  an  inch  or  two  above  the  tip. 

ACTIVITY 

The  pupa  is  inactive  under  normal  conditions,  this  stage  ordinarily 
being  nonmotile  and  its  energy  absorbed  in  the  metabolism  and  trans- 
formation preparatory  to  emergence.  If  disturbed,  however,  it 
reacts  with  a  series  of  whiplike  lateral  movements.  When  subjected 
to  bright  light,  the  movement  of  the  pupa  becomes  progressive  if  the 
surface  on  which  it  rests  is  not  too  smooth,  and  continues  until  shade 
is  reached.  If  light  cannot  be  avoided  in  this  way  it  will  turn  the 
dorsum  to  the  light. 

DURATION  OF  PUPAL  PERIOD 

The  spring  pupae,  from  the  overwintering  larvae,  have  an  average 
pupal  period  of  about  11  days.  Those  which  become  pupae  late  in 
April  or  in  early  May  have  a  longer  pupal  periotl  than  those  which 
pupate  late  in  May.  The  longest  pupal  period  observed  in  the  lab- 
oratorv  was  25  days  and  the  shortest  was  8  days. 

Table  5  gives  the  pupal  periods  as  found  by  laboratory  rearings 
under  conditions  similar  to  those  of  the  field.  In  these  records  the 
pupal  period  of  the  summer  generation  is  more  uniform  than  that 
of  the  overwintering  generation  and  on  the  average  not  so  long. 
(The  general  trend  of  the  temperatures  at  Tucson  during  April  to 
August,  inclusive,  is  shown  in  figure  18,  A.) 
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Figure  23. — Spring  pupa  of  the  southwestern  corn  borer  In  the  base  of  the  stalk  of 

corn  plant     X  %. 
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Table  5. — Length  of  the  pupal  period  of  the  Houthwcstcrn  com  horer  at  Tucson, 

Ariz.,  1928 


Overwintering  generation 

Summer  generation 

Number  of  pupae 

Date  of 
pupation 

Date  of 
emer- 
gence 

Length 

of  pupal 

stage 

Number  of  pupae 

Date  of 
pupation 

Date  of 
emer- 
gence 

Length 

of  pupal 

stage 

Apr.     3 
Apr.    14 
Apr.   26 
Apr.   28 
May     1 
May    4 
May  10 
May  11 
May  18 
May  19 
May  21 
do 

Apr.  28 
May    2 
May    9 
May  11 
May  16 
May  17 
May  24 
May  25 
May  31 
May  30 
June    2 
June     1 
June    3 
June    4 
June    3 
June    5 
June    4 
June    6 

...do 

June    5 
June    7 
June    6 
June    7 
June    8 
June  10 
June  13 
June  12 
June  14 
June  17 
June  18 
June  17 

Days 
25 
18 
13 
13 
14 
13 
14 
14 
13 
11 
12 
11 
12 
10 
9 
10 
9 
11 
9 
8 
10 
8 
9 
10 
11 
12 
10 
11 
12 
12 
11 

3 

July    15 
July    18 
July    19 
Aug.  16 
Aug.   17 
Aug.  18 

...do 

Aug.  23 

...do 

Aug.  27 
Aug.  28 
Sept.    9 
Sept.  10 

Sept' 'if 
Sept.  18 
Sept.  22 
Sept.  23 
Oct.     2 

July   23 
July   27 

...do 

Aug.  23 
Aug.  24 
Aug.  27 
Aug.  2,5 
Aug.  31 
Aug.  30 
Sept.    3 
Sept.    5 
Sept.  19 

Sept '20" 
Sept.  22 
Sept.  26 
Oct.      1 
Oct.      5 
Oct.    11 

Days 

9 

1 

8 

7 

7 

g 

2///..  "........... 

7 

8 

7 

7 

2 

8 

1 

10 

2-_- 

May  22 
May  25 
do 

9 

2       

10 

2             

11 

2 

May  26 
do 

8 

2 

9 

1 

do 

12 

3 

May  28 
do 

9 

1 

Average 

1 

...do 

8.5 

May  29 
do 

2       

1-- 

...do 

May  30 
June     1 
June    2 
June    3 
June    5 
June    6 

...do 

2       -              ... 

1. 

2 

3 

I 

11.39 

THE  ADULT 


EMERGENCE 

Emergence  of  the  adults  usually  takes  place  during  the  early 
evening.  The  moth  forces  its  way  through  the  anterior  end  of  the 
pupal  case,  splitting  the  latter,  as  a  rule  in  three  places,  for  about 
one  third  the  length  of  the  wing  pads,  and  losing  many  wing  scales 
in  the  process.  One  break  in  the  pupal  case  occurs  dorsally,  the 
other  two  take  place  laterally.  The  adult  then  passes  through  the 
tunnel  to  the  exit  where  it  breaks  the  thin  papery  cover  left  by  the 
larva  and  crawls  out. 

Immediately  after  emergence  the  moth  is  sluggish,  having  the 
wings,  which  are  about  one  half  expanded,  folded  close  to  the  body. 
Within  a  half  hour  or  so  the  wings  have  attained  their  full  size  and 
the  adult  appears  to  be  fully  developed.  The  wnngs  are  then  raised 
vertically  over  the  dorsum  for  about  5  minutes,  probably  for  the 
purpose  of  straightening  them  before  they  permanently  stiffen. 
There  is  little  activity  for  a  few  hours,  however,  and  during  this 
time  the  moth  undoubtedly  remains  close  to  the  exit  hole.  Occa- 
sionally an  adult  completes  its  posteniergence  development  while 
still  in  the  tunnel,  in  which  case  it  may  become  active  as  soon  as  it 
leaves  the  tunneL 
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Moths  reared  from  pupae  on  damp  sand  in  cages  completed  their 
postemergence  development  with  their  bodies  in  a  vertical  position 
on  the  sides  of  the  cage.  This  appears  to  be  the  normal  position 
of  the  adult  immediately  after  emergence  during  its  final  develop- 
ment, and  in  the  fields  it  doubtless  assumes  such  a  position  on  the 
stalk  of  the  host  plant  before  coming  to  rest. 

ACTIVITY 

The  moths  are  nocturnal  in  habit.  In  daylight  hours  they  may 
be  found,  by  careful  search,  resting  on  corn  plants  in  the  shade, 
usually  on  the  open  leaves  or  in  the  folded  leaves  of  the  throat  or 
bud.  At  such  times  they  are  not  readily  disturbed.  Leaves  upon 
which  they  are  resting  may  be  moved  from  one  position  to  another 
without  causing  flight.  When  disturbed  into  flight  in  the  cornfields 
they  travel  for  from  10  to  30  feet  or  more  in  a  zigzag  course  before 
coming  to  rest  on  another  plant.  In  the  latter  part  of  the  afternoon 
they  become  restless  and  are  easily  disturbed  and  by  nightfall  are 
active,  although  their  activities  in  the  field  after  dark  have  not 
been  observed. 

It  is  probable  that  no  feeding  takes  place  in  the  adult  stage.  The 
fact  that  the  proboscis  is  minute  indicates  the  probable  obsolescence 
of  the  mouth  parts.  Sweetened  solutions  placed  in  cages  with  the 
moths  have  not  been  observed  to  attract  them  or  to  induce  feeding. 

PROPORTION  OF  THE  SEXES 

The  ratio  of  males  to  females  remains  fairly  constant  throughout 
the  season,  the  females  being  always  present  in  larger  numbers. 
Emergence  of  both  sexes  starts  approximately  at  the  same  time  in 
both  the  overwmtered  and  the  later  generations.  The  proportion 
of  the  sexes  in  the  field  was  determined  from  examination  of  over 
200  pupae,  with  the  results  shown  in  table  6. 

Table  6. — Proportion  of  sexes  of  the  southwestern  com  borer,  as  determined 
from  pupae  of  the  overtcintered  generation  collected  in  a  single  field  at 
Tucson,  Ariz.,  1930 


Date 

Males 

Females 

Date 

Males 

Females 

Apr.  24 

Number 
6 
4 
15 
11 
12 
15 

Percent 
43 
40 
30 
41 
46 
42 

Number 

8 
6 
35 
16 
14 
21 

Percent 
57 
60 
70 
59 
54 
58 

May  14- 

Number 
8 
4 
7 
0 

Percent 
33 
33 
70 
0 

Number 
16 
8 
3 
3 

Percent 
67 

Apt  25 

May  22- 

67 

May4.-  

May  5 

May  23 

30 

May  30 

100 

A/f  Q17    O 

Average 

May  10 

39 

61 

MATING 


Adults  usually  do  not  mate  on  the  night  of  emergence,  but  spend 
that  night  completing  development  and  the  following  day  in  rest- 
ing. Mating  normally  takes  place  early  the  next  night  after  emerg- 
ence, although  it  occasionally  happens  on  the  night  of  emergence.  It 
has  not  been  observed,  under  cage  conditions,  to  start  after  midnight. 
One  mating  appears  to  be  sufficient,  as  females  mated  but  once  have 
deposited  the  normal  number  of  fertile  eggs. 
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Mating  has  been  observed  only  under  cage  conditions,  the  observa- 
tions being  made  by  Davis  in  Arizona.  The  males  take  the  active 
part  in  the  courtship  and  they  have  been  observed  to  mate  with  two 
different  females.  During  mating  the  bodies  form  a  straight  line, 
the  wings  of  the  female  overlapping  those  of  the  male,  and  the  two 
individuals  facing  in  opposite  directicms.  Mating  may  last  from 
11/2  to  31/2  hours. 

OVIPOSITION 

Oviposition  usually  begins  on  the  second  night  after  emergence 
(table  7),  or  the  night  following  that  spent  mating.  Apparently  all 
the  egg  laying  is  done  at  night,  as  no  observations  to  the  contrary 
have  been  made  except  where  females  have  been  kept  in  dark  cages. 

Table  7. — Preovipoaition  period  of  the  south  we  at  em  corn  horer,  Tucson,  Ariz., 

1929^0 


Adults 

Date  of  emergence 

Date  of  initial 
ovijwsition 

Interval 
between 

Cage  no. 

Female 

Male 

emergence 
and  ovi- 
position 

1      

Number 
2 

1 
1 
2 
2 
1 
2 

2 

1 

Number 
2 

1 
2 
1 
2 
1 
2 
1 
2 
1 

June  3 

June  5 

Day$ 
2 

2 

June  11 

June  13 

2 

3 

July  6 

Julys 

2 

4 

July  7 

July  10      

3 

6 

do 

July  9 

2 

6 

July  8             -  - 

July  10 

2 

7 

July  13 

July  15 

2 

8 

Aug.  9 -- 

Aug.  11 

2 

0 

Aug.  13 

Aug.  15.. -- 

2 

10 

Aug   15 

Aug.  19       

4 

Average 

2.26 

The  females  do  not  move  about  as  actively  during  their  first  night 
of  oviposition,  when  they  are  burdened  with  a  large  nuinber  of  eggs, 
as  they  do  on  succeeding  nights.  Their  activity  increases  in  propor- 
tion to  the  depletion  of  the  stock  of  eggs  present  in  the  ovarian 
tubules.  Oviposition  occupies  3  or  4  days,  after  which  the  female 
becomes  very  sluggish  for  a  day  or  so  and  then  dies. 

The  moths  tend  to  select  corn  plants  of  intermediate  age  and 
growth  for  oviposition,  and  to  avoid  the  older,  more  fibrous  plants 
and  very  young  ones.  Corn  planted  on  different  dates  at  Tucson  in 
1928  showed  a  higher  percentage  of  infested  stalks  among  those  of 
the  intermediate  planting  dates  than  among  those  of  the  earlier  or 
the  very  late  dates.  There  was  an  increase  of  infested  stalks  in  the 
younger  plants  down  to  those  which  had  attained  a  height  of  about 
2  feet,  whereas  in  those  under  2  feet  the  percentage  infested  rapidly 
declined. 

LONGEVITY 

The  duration  of  the  adult  stage  ranges  from  about  2  to  6  days. 
The  average  longevity  of  the  female  is  about  5  days,  that  of  the 
male  about  3  days,  based  on  the  data  obtained  in  cages  as  shown 
in  table  8.  Males  usually  die  soon  after  mating.  The  advance  of 
age  in  the  moths  is  indicated  by  a  loss  of  scales  and  hairs,  by  ragged 
wings,  and  a  generally  bedraggled  appearance.  When  spent  they 
become  the  easy  prey  of  ants  and  other  insects. 
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Table  8. — Longevity  of  caged  adults  of  the  southwestern  corn  borer  at  Tucson^ 

Ariz.,  1928  and  1929 


Longevity  of  males 

Longevity  of  females 

Date  emerged 

Date  died 

Indi- 
viduals 

Length 
of  life 

Date  emerged 

Date  died 

'Indi- 
viduals 

Length 
of  life 

May  22 

May  24 

June  19 

July  10 ._- 

July  11 

Aug.  16 

Aug.  17 

Aug.  18 

Number 
1 
2 

Days 
2 
3 
3 
3 
4 
3 
2 

June  15 

June  20 

June  21 

July  12 

Aug.  14 

Aug.  16 

Aug.  17 

Aug.  18 

Number 
1 
2 

Days 
5 

June  16 

5 

July  7 

July  7 

5 

Julys 

Aug.  9  . 

5 

Aug.  12 

Aug.  10 

Aug  12 

5 

Aug  14 

6 

Aug.  16    ... 

Aug.  13 

5 

Average 

2.87 

5.  12 

SEASONAL  DEGREE  OF  INFESTATION 

At  Tucson,  during  the  summer  of  1928,  the  maximum  infestation 
of  corn  stalks  in  one  field  by  the  first  generation  was  42  percent, 
whereas  the  maximum  infestation  of  that  field  by  the  second  genera- 
tion was  90  percent,  or  more  than  tw^ice  as  heavy.  Corn  not  seriously 
infested  by  the  first  generation  may  be  greatly  damaged  by  the 
second  generation  because  of  the  great  increase  in  the  number  of 
larvae  present. 

The  partial  third  generation  is  usually  reduced  by  the  parasite 
THcho gramma  mAnutum  to  a  very  small  percentage  of  the  original 
number.  During  the  years  1928  to  1930,  inclusive,  in  southern  Ari- 
zona, over  90  percent  of  the  eggs  laid  by  the  second-generation  moths 
were  parasitized. 

ASSOCIATED  INSECTS 


THE  CORN  EAR  WORM 

The  corn  ear  worm  (Heliofhis  ohsolefa  Fab.)  is  closely  associated 
with  the  southwestern  corn  borers,  particularly  in  the  early  instars, 
and  sometimes  they  may  be  confused.  The  larvae  of  the  two  species 
are  readily  distinguished  in  their  later  instars,  but  close  examination 
may  be  required  to  distinguish  the  young  larvae.  The  corn  ear 
worm  is  larger  and  in  general  has  a  dark-brown  or  green  appearance, 
usually  with  longitudinal  stripes  of  varying  color.  The  southwestern 
corn  borer,  on  the  other  hand,  has  a  white  body  color  with  distinct 
brownish-black  markings  or  dots. 

The  corn  ear  worm  is  nearly  always  found  either  on  the  open 
leaves,  in  the  bud,  or  in  the  ear,  whereas  the  southwestern  corn  borer, 
in  its  later  instars,  is  usually  in  the  stalk.  Both  species  feed  on 
the  open  and  curled  leaves  and  in  the  ear  sheaths  in  the  early  larval 
instars. 

In  any  j)articular  case  of  leaf  injury  it  is  difficult  to  distinguish 
which  species  is  more  concerned.  The  corn  ear  worm,  however,  eats 
larger  and  more  irregular  holes,  as  shown  in  figure  24,  thus  giving 
the  plant  a  more  ragged  appearance ;  whereas  the  southwestern  corn 
borer  cuts  more  cleanly  and  incisively  into  the  leaves,  scarcely  or 
not  at  all  imparting  this  ragged  appearance.    Tunneling  or  boring 
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into  the  ears  can  usually  be  associated  with  the  corn  ear  worm, 
although  even  this  is  occasionally  done  by  the  southwestern  corn 
borer.  Large  larvae  found  in  the  "  whorl  "  or  bud  usually  are  either 
the  corn  ear  worm  or  the  fall  army  worm  rather  than  the  southwest- 
ern corn  borer.  The  castings  or  excrement  associated  with  the 
damage  will  also  serve  to 
distinguish  between  corn- 
ear-worm  and  southwest- 
ern-corn-borer work,  that 
of  ear-worm  origin  being 
coarser  and  greater  in 
quantity. 

During  the  winter 
months  the  southwestern 
corn  borer  is  found  as  a 
creamy-white  larva  in  the 
base  of  the  main  roots  of 
its  host  plant,  whereas  the 
corn  ear  worm  is  seldom 
if  ever  found  in  the  plant, 
but  occurs  in  the  ground 
as  a  brown  shiny  pupa. 

THE    FALL   ARMY   WORM 

Closely  associated  with 
the  southwestern  corn 
borer  and  the  corn  ear 
worm,  in  their  feeding  in 
the  bud  of  the  young  corn 
plant,  is  the  fall  army 
worm  (LafhygTYva  frmgi- 
perda  S.  and  A.).  This 
msect  is  a  voracious 
feeder,  and  where  abun- 
dant, as  it  is  in  some  parts 
of  the  borer  territory 
nearl}^  every  summer,  it 
riddles  the  young  corn 
buds  and  leaves  with  holes 
and  ragged  patches  and 
fills  the  space  between  the 
leaves  with  droppings  (fig. 
24).  The  larva  is  a  fast 
grower  and  attains  a  size 
about  equal  to  that  of  the 
corn  ear  worm,  dt  has  to  some  extent  the  boring  propensities  of  the 
southwestern  corn  borer,  tunneling  into  the  cornstalks  and  particu- 
larly into  the  aborted  ears  along  the  stalk,  from  which  it  often  enters 
the  stalk  itself.  The  fall  army  worm  is  as  likely  to  be  found  in  the 
corn  ears  as  is  the  ear  worm.  While  its  tunnelings  into  the  upper 
stalk  and  into  the  base  of  the  belated  ears  may  be  confused  with 
those  of  the  southwestern  corn  borer,  these  do  not  penetrate  into 


B^iGUKE  24. — Upper  portion  of  a  corn  plant  showing 
damage  caused  by  the  fall  army  worm.  This  type 
of  damage  is  also  characteristic  of  the  corn  ear 
worm.     Note  the  ragged  appearance. 
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the  crown  below  ground  as  do  those  of  the  latter.  The  fall  army 
worm  in  its  later  instars  is  striped  and  easily  distinguished  from 
the  corn  borer. 

THE  CURLEW  BUG 

The  injury  to  corn  by  the  curlew  bug  (Calendra  ccMosa  Oliv.), 
also  known  as  corn  billbug,  is  occasionally  confused  with  that  of 
the  corn  borer.  The  boring  of  the  curlew  bug  is  confined  to  a  small 
area  usually  just  above  the  ground.  The  injury  is  confined  to 
the  excavation  of  a  hole  in  the  stalk,  ranging  in  size  from  one 
fourth  to  three  fourths  of  an  inch  in  diameter,  and  occasionally 
a  short,  roughly  chewed  tunnel.  The  holes  later  appear  as  brown 
pockets  in  the  stalks.  Tunneling  of  the  corn  borer  is  clean-cut,  with 
the  tunnels  running  lengthwise  of  the  stalk  for  considerable 
distances. 

The  adult  curlew  bug  is  a  weevil  or  snout  beetle  which  cannot  be 
confused  with  the  moth  of  the  corn  borer.  The  white  or  cream-col- 
ored pupa  of  the  curlew  bug  is  naked  and  resembles  the  adult  except 
for  the  coloration.  It  is  easily  distinguished  from  the  brown  pupa 
of  the  borer.  The  larva  of  the  curlew  bug  is  a  white  footless  grub 
which  does  not  closely  resemble  the  southwestern  corn  borer,  being 
much  larger  posteriorly  and  easily  recognized  by  its  shape.  When 
full  grown  it  is  about  one  half  inch  long. 

NATURAL  CONTROL 

The  borer  population  and  the  consequent  damage  to  corn  vary 
greatly  in  different  years  and  in  different  parts  of  the  range  of  the 
southwestern  corn  borer.  The  more  important  of  the  known  factors 
controlling  outbreaks  are  climatic  conditions  and  natural  enemies. 

PHYSICAL  AND  CLIMATIC  DETERRENTS 

MORTALITY  DURING  HIBERNATION 

Fortunately  for  corn  production  in  the  invaded  region,  the  south- 
western corn  borer  suffers  a  considerable  setback  during  the  hiberna- 
tion period.  This  begins  with  the  exposure  of  the  larva  in  the  fall 
when  it  temporarily  leaves  the  cornstalk  to  seek  hibernating  quar- 
ters in  the  main  root.  If  it  succeeds  in  reentering  the  stalk  it  must 
often  make  the  fight  for  position,  of  which  mention  has  been  made 
on  page  30.  Once  established  in  the  favored  position  in  the  base 
of  the  stalk,  the  surviving  larva  is  exposed  for  approximately  8 
months  to  such  possible  factors  as  unfavorable  conditions  of  cold, 
moisture,  drought,  stubble  rot,  termites,  ants,  and  disease. 

The  hibernation  mortality  has  been  determined  on  different  dates 
in  the  spring  in  different  localities  several  times  during  the  years 
from  1923  to  1930,  inclusive.    These  data  are  summarized  in  table  9. 
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Table  9. 


-Hibernation  mortalHy  of  Hfc  nouthuH'Hicni  cortt  borer  in  Arizona  und 
New  Mexico  from  neat  tared  records,  J  923-30 


Year 


1923 
1924 


1925 


1926 
1927 


1929 


1930 


Date  of 
examination 


May  2-3- . 
May  12... 
June  12... 
Feb.  28... 
Feb.  28..-. 
Apr.  14... 

Apr.  1 

June  27.--- 

Jan. 6 

Jan.  25.... 
Feb.  15--.- 
Feb.  17.... 

.-..do 

Apr.  23-27 
Apr.  24-.-- 
Apr.  25.--. 

Feb. 8 

Mar.  26... 
Mar.  27... 
Apr.  10--.. 
Apr.  20.-.- 

May  8 

May  30-- . 


LocaUty 


Tucuracari,  ,N.  Mex . 

--.-do 

do 


-.-do 

Logan,  N.Mex 

Tucumcari,  N.Mex. 

Clovis,  N.Mex 

...-do 

Elfrida,  Ariz 

Tucson,  Aril 

Elfrida,  Ariz 

Tucson,  Ariz.- 

Cortaro,  Ariz 

Clovis,  N.Mex 

Tucumcari,  N.Mex. 

Elfrida,  Ariz.. 

Tucson,  Ariz 

—-do 


—do 

.-..do 

...-do 

Clovis,  N.Mex. 
Tucson,  Ariz... 


Fields 
exam- 
ined 


Number 


Number  and  condition 
of  borers 


Total     Living 


Number 

104 

164 

52 

179 

168 

223 

238 

134 

46 

10 

52 

12 

23 

273 

29 

43 

47 

48 

45 

54 

32 

84 

53 


Number 

89 

108 

3 

64 

21 

142 

134 

6 

43 

9 

48 

10 

20 

108 

15 

41 


Dead 


Number 
16 
56 
49 
115 
147 
81 
104 


Range  of 
percent- 
age dead 
in  dif- 
ferent 


rrcent 
14 

Percent 

34 

94 

64 

88 

58-70 

36 

44 

96 

7 

20-100 
93-98 

10 

8 

17 

13 

60 
48 

17-100 

5 

17 

31 

40 

20 

6 

45 
30 

42-100 

'  Same  field  in  which  the  May  12  examination  was  made. 
*  No  record  kept  of  number  of  fields  examined. 

From  these  figures  it  is  seen  that,  while  the  mortality  varies  greatly 
in  diflferent  fields  and  in  different  seasons,  it  is  high  on  the  average. 
The  extreme  range  in  these  examinations  was  from  5  percent  (El- 
frida, Ariz.,  1928)  to  100  percent  (Clovis,  N.Mex.,  1927,  1928,  and 
1929).  The  mortality  increases  as  the  spring  season  advances  toward 
planting  time,  even  in  fields  not  yet  spring  cultivated. 

In  general  the  winter  mortality  is  greater  in  New  Mexico  than 
in  Arizona.  This  is  probably  due  to  the  more  severe  winters  in 
the  localities  of  New  Mexico  in  which  winter-mortality  counts  were 
made  than  in  southern  Arizona. 

Davis  has  determined  that  the  success  of  the  overwintering  larva 
in  overcoming  the  inimical  conditions  to  which  it  is  subjected  during 
hibernation  is  largely  dependent  on  its  initial  endowment  of  fatty 
tissue  at  the  time  of  entering  hibernation.  Larvae  which  have  only 
a  relatively  small  quantity  of  fatty  tissue  when  winter  begins  are 
less  likely  to  survive  the  winter  than  those  which  are  large  and  fat. 
The  former  may,  however,  survive  a  winter  which  is  not  too  severe, 
and  in  which  the  fluctuations  of  temperature  are  not  too  great. 
There  is  always  a  small  proportion  ot  larvae  of  this  type  which 
are  so  weakened  in  spring  that  they  cannot  prepare  the  emergence 
tunnels  or  transform  to  the  pupal  stage. 

Borers  have  been  found  to  be  approximately  15  percent  shorter 
in  the  spring  than  in  the  fall,  owing  to  the  loss  of  adipose  tissue 
consumed  during  the  winter.  In  order  to  avoid  depleting  this 
energy  too  rapidly,  the  larva  must  maintain  a  state  of  relative 
quiescence.  The  principal  factors  disturbing  this  state  are  tem- 
perature and  moisture.     The  effect  of  these  depend  somewhat  on 
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the  position  of  the  larva  in  the  stub.  If  the  plant  happens  to  be 
shallow-rooted,  or  if  the  larva  be  located  too  high  up,  as  sometimes 
happens  in  the  competition  for  position,  very  low  temperatures 
may  destroy  it.  Too  much  moisture,  whether  due  to  rains,  over- 
flows, or  irrigation,  causes  stubble  rot,  thus  inducing  disease  or 
exposing  the  larva  more  fully  to  temperature  fluctuations. 

SUMMER  MORTALITY 

Rain,  accompanied  by  wind,  may  wash  many  of  the  eggs  off  the 
plants.  Even  if  such  eggs  should  hatch,  the  young  larvae  probably 
would  perish  before  reaching  food.  A  count  of  plants  containing 
egg  masses  on  August  17, 1927,  by  Blanchard,  showed  that  95  percent 


Figure  25. — FemalP  of  Trichogramma  minutum,  an  egg  parasite  of  the  southwestern  corn 

borer,      x  30. 

were  infested.  On  August  19,  after  a  hard  rain,  only  25  percent  of 
these  same  plants  contained  egg  masses. 

Water  standing  in  the  "  heart "  of  curled  leaves  often  causes  the 
death  of  young  larvae  feeding  in  the  folded  leaves.  The  larvae  fall 
into  the  water  and  apparently  are  unable  to  escape. 

Small  larvae  of  the  partial  third  generation,  when  attempting  to 
feed  upon  the  tough  and  fibrous  plants  of  late  summer,  often  fail 
to  find  succulent  tissue  or  are  unable  to  penetrate  the  hard  stalks 
and  soon  perish  from  starvation. 

NATURAL  ENEMIES 

INSECT  PARASITES 

TRICHOGRAMMA   MINUTUM   RILEY 

By  far  the  most  effective  parasite  of  the  southwestern  corn  borer 
is  Trichogramma  minutmti  (determined  by  A.  B.  Gahan)  (fig.  25). 
This  minute,  yellow,  hymenopterous  insect,  which  can  scarcely  be 
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seen  with  the  unaided  eye,  oviposits  in  the  eggs  of  Diatraea  grandio- 
seUxi^  after  which,  instead  of  the  borer  larvae  issuing,  parasite  adults 
emerge.  Six  or  more  of  these  adults  may  emerge  from  one  borer 
egg,  but  the  average  is  3  or  4. 

Tlie  parasites  are  very  scarce  during  the  period  of  egg  deposition 
by  the  spring  adults,  which,  in  southern  Arizona,  is  during  the  last 
part  of  May  and  first  part  of  June.  There  is  an  increase  during  the 
oviposition  ])eriod  of  the  moths  of  the  first  generation,  or  during 
early  July  of  the  same  year.  By  the  last  of  August  and  firsi:  of  Sep- 
tember, when  the  moths  of  #he  second  generation  are  laying  eggs, 
the  parasite  makes  an  enormous  increase  in  numbers.  During  the 
egg-laying  period  of  the  moths  of  the  second  generation  of  1927, 
in  the  vicinity  of  Tucson,  about  75  percent  of  the  eggs  were  para- 
sitized and  in  1928  to  1931,  inclusive,  more  than  90  percent.  Para- 
sites were  exceedingly  plentiful  during  1930.  They  were  first 
noticed  in  cornfields  on  May  16  and  increased  in  number  much  more 
rapidly  than  usual.  Heliothh  ohsoleta^  the  eggs  of  which  were  pres- 
ent in  large  numbers  at  all  times,  served  as  an  alternate  host  and 
thus  served  to  increase  the  numbers  of  parasites  present.  By  the 
time  the  corn-borer  eggs  of  the  second  generation  were  being  laid 
(July  1-15)  T.  minutuvi  was  so  plentiful  that  only  the  early  de- 
posited eggs  survived,  approximately  75  percent  of  the  eggs  being 
parasitized.  Parasitization  of  the  eggs  of  the  third  generation  has 
practically  controlled  that  generation  in  southern  Arizona  during 
the  last  few  years. 

Life-history  studies  of  T.  nmiutmn,  in  cages,  conducted  by  Davis 
at  Tucson,  revealed  that  the  length  of  the  period  from  oviposition  to 
emergence  of  the  adult  ranged  from  6  to  10  days,  the  average  time 
being  about  7  days  during  the  warmer  portion  of  the  summer  and 
8  or  9  days  during  the  cooler  periods.  The  oviposition  period  of 
the  southwestern  corn  borer  of  the  second  generation,  at  Tucson,  is 
approximately  15  days,  which  would  allow  two  generations  of  T. 
Tninutum  during  the  period.  There  are  possibly  three  generations 
of  the  parasite  during  the  oviposition  period  of  the  third  generation, 
as  it  covers  a  longer  period.  During  the  most  active  season  (May 
to  September,  inclusive)  there  are  approximately  19  generations  of 
the  parasite. 

T richogram/ma  minutvmi  has  also  been  found  parasitizing  the 
eggs  of  D.  grandiosella  in  northeastern  New  Mexico.  The  highest 
parasitization  found  at  any  time  was  that  near  Tucumcari  in  1923, 
when  Horton  found  about  6  percent  of  the  eggs  parasitized  by 
T.  viinutum.  and  another  hymenopterous  parasite,  the  former 
predominating. 

PROSPALTEULA    SP. 

An  undescribed  hymenopterous  parasite  species  of  the  genus 
Prospdltella  (determined  by  A.  B.  Gahan)  has  been  reared  by  Davis 
from  eggs  (in  cages)  of  both  the  southwestern  corn  borer  and  the 
corn  ear  worm.  Detailed  information  on  the  status  of  this  insect  is 
not  available. 

TELENOMUS    SP. 

Another  hymenopterous  parasite  was  reared  by  Horton  from  eggs 
of  Diatrdea  grandioaellu  collected  near  Tucumcari,  N.Mex.,  in  August 
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1923.  This  was  determined  by  xV.  B.  Gahan  as  belonging  to  the  genus 
TelenoDvus.  The  extent  to  which  this  parasite  is  beneficial,  as  af- 
fecting the  control  of  the  borer,  is  not  known. 

APANTELES    DIATRAEAE    MUE8EBECK 

A  hymenopterous  parasite  of  the  corn -borer  larva  w^hich  is  a  con- 
siderable factor  in  reducing  the  number  of  borers  has  been  deter- 
mined by  X.  B.  Gahan  as  being  Apanteles  cUatraem  (fig.  26).  It 
is  a  small  black  species  which  searches  out  and  parasitizes  the 
borers.  Its  oviposition  has  not  been  observed  in  the  field,  but  Davis 
found  that  in  cages  with  Diatraea  grandiosella  larvae  it  readily  at- 
tacked those  of  the  first  and  second  instars,  although  it  did  not  so 
successfully  parasitize  the  larger  larvae.  It  therefore  seems  prob- 
able that  it  parasitizes  the  young  larvae  while  they  are  in  these 
instars  and  before  they  have  had  a  chance  to  conceal  themselves  b}^ 
tunneling  into  the  host  plant. 

When  the  parasite  larvae  have  attained  about  full  development 
they  emerge  and  spin  cocoons  in  a  mass  which  somewhat  resembles 
the  corn  borer  larvae  in  shape  (fig.  27).  Each  individual  cocoon  is 
about  1.5  mm  wide  by  3  mm  long  and  is  composed  of  fine  silken 
thread  which  is  tough  and  leathery.  The  mass  of  cocoons  is  snowy 
white.  The  number  of  parasites  that  issue  from  one  larva  varies  in 
accordance  with  the  size  of  the  larva.  An  average  sized  grandio- 
sella  larva  contains  about  70  parasites. 

Very  few  borers  of  the  first  generation,  during  June,  are  para- 
sitized. In  a  field  of  corn  that  has  50  percent  of  the  stalks  infested 
by  the  first -generation  larvae,  one  may  search  all  day  without  locat- 
ing a  larva  that  is  parasitized.  The  percentage  of  larvae  that  are 
parasitized  increases  during  the  second  generation  and  reaches  a 
maximum  during  August.  On  August  16,  1928,  a  count  of  the 
southwestern  corn  borers  at  Tucson  indicated  that  about  20  percent 
had  been  parasitized.  The  effect  of  Apanteles  diatraeae  varies  from 
year  to  year  but  is  not  known  to  approach  effective  control  at  any 
time. 

INSECT  PREDATORS 

SOLBNOPSIS  GBMINATA  VAR.  DIABOLA  WHLR. 

SoU/nopsis  geminata  var.  diahola  (determined  by  W.  M.  Mann), 
a  small  red  ant,  preys  upon  the  larvae,  pupae,  and  adults  of  the  south- 
western corn  borer.  These  ants  make  their  entrance  into  the  tunnels 
by  crawling  up  the  stalk  and  entering  the  exit  holes.  Destruction 
of  the  larvae  and  pupae  has  been  estimated  to  be,  on  occasions,  as 
high  as  75  percent.  These  ants,  however,  are  not  generally  numerous 
enough  to  be  of  great  importance  in  reducing  the  number  of  borers. 

Experiments  with  caged  adults  were  greatly  hampered  by  the  pres- 
ence of  these  ants.  They  would  enter  the  cages  and  kill  the  adults 
and  carry  them  away  piece  by  piece,  usually  leaving  the  wings  in 
the  cage. 

CREMATOGASTER   8P. 

Whole  colonies  of  an  ant,  a  species  of  Orematog aster ^  including 
queens,  workers,  eggs,  and  young,  have  been  found  nesting  in  corn 
stubs  in  the  tunnels  of  the  southwestern  corn  borer.     Although  not 
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FiouBB  26. — Apantel€9  diatraeae,  a  larval  parasite  of  the  southwestern  corn  borer :  A, 

male;  B,  female.     X   16. 
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seen  attacking  the  borers,  they  undoubtedly  would  do  so  if  they 
came  in  contact  with  them,  and  in  the  cases  observed  very  probably 
had  destroyed  the  borer  occupants  of  the  stalk. . 

BETIOULITEBMES    HUMILIS    BKS. 

A  termite  commonly  found  in  southern  Arizona  works  in  the  in- 
terior of  the  dry  cornstalks  during  the  fall  and  winter.  This  ter- 
mite, ReticuLitei'Tries  hurmlis  (determined  by  T.  E.  Snyder),  causes 
the  death  of  a  small  percentage  of  the  winter  larvae  by  hollowing  out 
the  interior  of  the  infested  stubs  so  completely  that  only  the  outside 
shell  remains,  thus  destroying  the  insulation  which  would  otherwise 
have  aiforded  the  corn-borer  larva  its  necessary  protection. 

A  corn  stub  examined  the  last  of  May  1928,  at  Tucson,  Ariz.,  was 
completely  hollowed  out  and  was  alive  with  termites.  This  stub 
contained  a  live  winter-form  larva  which  undoubtedly  had  been  ex- 
posed to  the  termites  and  could  readily  have  been  attacT^ed  by 
them. 

Termites  of  undetermined  species  have  frequently  been  found 
cleaning  out  corn  stubs   and  stalks   in   the  winter   and   spring  in 


Figure  27. — Cocoons  of  Apanteles  diatraeae  covering  a  larva  of  the  southwestern  corn 

borer.      X  3. 

New  Mexico  and  the  Texas  Panhandle.  At  times  they  have  been 
found  working  in  stalks  inhabited  by  living  southwestern  corn 
borers  without  interfering  with  the  latter.  In  an  occasional  field, 
however,  in  which  an  unusual  number  of  stalks  were  infested  with 
termites,  no  borers  would  be  found. 

THRIPS 

A  thrips,  the  species  of  which  is  as  yet  undetermined,  has  been 
observed  feeding  on  the  eggs  of  the  second-generation  moths  at 
Cortaro,  Ariz.  The  thrips  is  fairly  abundant  on  the  corn  during 
August.     The  status  of  this  insect  as  a  borer  enemy  is  not  known. 

DISEASES 

Many  of  the  dead  larvae,  especially  of  the  winter  form,  are  in- 
fected with  a  fungus,  Isaria  harberi  Giard,  according  to  a  determina- 
tion by  Vera  K.  Charles.  Larvae  containing  this  fungus  assume  a 
grayish  color  due  to  the  gray  fruiting  bodies  on  the  outside  of  the 
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borer.  Whether  the  larvae  die  as  a  result  of  the  presence  of  the 
fungus  or  whether  the  fungus  develops  as  a  result  of  the  death  of 
the  larvae  is  problematical. 

The  frequency  of  occurrence  of  fungus  growth  on  larvae  which 
had  died  in  the  stubs  over  the  winter  attracted  the  attention  of 
Horton,  who,  on  April  23,  1924,  found  72  dead  out  of  125  borers, 
most  of  the  dead  being  covered  with  a  reddish  fungus  growth. 
This  was  identified  positively  as  Fibsarlum  sp.,  and  tentatively  as 
F.  larvaruni  Fck.,  by  Vera  K.  Charles.  No  special  effort  has  been 
made  to  determine  whether  or  not  it  is  merely  saprophytic,  and 
although  it  has  seldom  since  been  found  so  abundant,  it  is  often 
seen  on  isolated  specimens. 

A  dead  larva  or  pupa  characterized  by  limpness,  discoloration, 
and  watery  contents  of  very  pungent  odor  is  occasionally  found  in 
the  field.  Specimens  reared  in  the  laboratory  sometimes  die  and 
assume  this  conditi(m.  This  type  of  disintegration  appears  to  be 
due  to  bacteria,  but  its  nature  is  not  known  by  the  writers. 

OTHER  ENEMIES 

A  predacious  mite  has  been  observed  destroying  the  overwintering 
larvae  at  Elfrida  and  Tucson,  Ariz.,  and  also  at  Tucumcari,  N.Mex. 
The  mites  have  been  found  clinging  to  the  larvae  in  the  main  roots 
of  the  cornstalks  during  the  winter.  Several  tin  boxes,  each  contain- 
ing 10  to  20  mite-infested  overwintering  larvae,  were  brought  to  the 
laboratory  at  Tucson,  and  in  a  week's  time  all  the  larvae  had  been 
killed.  These  mites  are  so  scarce  in  the  field,  however,  that  it  is 
doubtful  whether  they  are  of  much  importance. 

Birds,  spiders,  etc.,  undoubtedly  reduce  the  number  of  corn  borers. 
Birds  have  never  actually  been  observed  in  the  act  of  feeding  on  any 
stage  of  the  borer,  yet  they  have  been  seen  in  cornfields  in  quite  large 
numbers  when  young  surface-feeding  borers  were  present.  These 
early  instar  larvae,  before  they  have  bored  into  the  stalks,  are  easily 
accessible.  Adults  resting  on  the  corn  plants  during  the  day,  or 
gravid  females  at  night,  might  easily  become  the  prey  of  spiders. 

ARTIFICIAL  CONTROL 

DELAYED  PLANTING  OF  CORN  TO  AVOID  BORERS 

Corn  may  be  planted  in  the  lower  altitudes  in  southern  Arizona 
from  April  to  as  late  as  August  and  still  mature.  The  first  emer- 
gence of  moths  takes  place  late  in  May  and  early  in  June,  and  the 
second  emergence  during  the  early  4)art  of  July.  With  these  facts  in 
mind,  corn  was  planted  in  i/o-acre  plots  at  Tucson  on  various  dates 
during  the  summers  from  1927  to  1931,  inclusive,  to  ascertain  at  what 
date  corn  may  be  planted  to  receive  the  least  borer  damage.  It  was 
found  that  corn  planted  about  June  1  withstood  the  feeding  of  the 
second  generation  very  well  and  missed  the  first  generation  entirely. 
Table  10  shows  the  cfegree  of  infestation  by  the  borers  of  the  two 
principal  generations. 
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Table  10. — Infestation  by  larvae  of  the  first  and  second  generations  of  the 
southivestern  corn  borer  in  corn  planted  on  various  dates  at  Tucson,  Ariz., 
1928-^0 


Date  of  planting 


Stalks 

Stalks 

infested 

infested 

by  first 

by  second 

genera- 

genera- 

tion 

tion 

PercerU 

Percent 

42 

70 

10 

77 

1 

86 

0 

90 

0 

36 

14 

64 

2 

82 

0 

86 

0 

68 

Date  of  planting 


Stalks 
infested 
by  first 
genera- 
tion 


Stalks 
infested 
by  second 
genera- 
tion 


1928 

Apr.  2 

Apr.  21 

May  12 

May  29 

June  15 

1929 

Apr.  20 

May  12.. 

May  24 

May  31 


Apr.  8- 
Apr.  23 
May  7- 
May  24 
June  7- 
June  25 
July  19. 


Percent 
26 
8 
3 
0 
0 
0 
0 


Percent 
81 

71 
72 
81 
71 
11 
0 


Combining  the  data  of  table  10  with  growing  conditions,  it  may  be 
stated  that,  as  a  rule,  corn  planted  as  early  as  the  first  half  of  April 
was  attacked  by  larvae  of  both  the  first  generation  and  second  gener- 
ation; and  this  injury  combined  with  poor  growing  conditions  at 
that  season  reacted  to  the  detriment  of  the  crop. 

Corn  planted  as  late  as  the  latter  part  of  June,  although  less 
heavily  infested,  was  also  subjected  to  unfavorable  growing  condi- 
tions which  more  than  offset  the  lessened  borer  damage. 

It  is  evident,  however,  that  corn  planted  during  tlie  last  part  of 
May  and  the  first  part  of  June  will  in  most  years  escape  the  first- 
generation  larvae  completely,  and  by  the  time  the  second  generation 
is  present  it  will  have  made  enough  growth  to  enable  it  to  withstand 
considerable  infestation  without  substantial  injury.  Experimental 
plantings  embracing  also  those  of  1927  and  1931  showed  that  al- 
though corn  planted  about  June  1  had  a  high  percentage  of  the  stalks 
infested,  the  favorable  weather  during  the  time  the  corn  was  growing 
more  than  made  up  for  the  increased  borer  work. 

Other  experiments  to  determine  whether  or  not  it  is  feasible 
to  avoid  the  first-generation  borers  were  conducted  at  Tucumcari, 
N.Mex.,  over  the  5-year  period  of  1925-29.  During  the  first  3 
years  plantings  were  made  every  15  days  over  a  period  from  about 
May  1  to  June  30.  In  1928  and  1929  they  were  made  in  triplicate 
and  on  only  two  dates,  near  the  beginning  and  end  of  the  planting 
period  for  corn.  The  infestation  by  borers  of  the  first  and  second 
generations  in  these  plots  is  shown  in  table  11. 


THE  SOUTHWESTERN   CORN    BOKEB 


51 


Table  11. — Infestation  by  larvae  of  the  first  and  second  generations  of  the 
southtoestern  corn  borer  in  Mexmm  June  com  planted  on  different  dates  at 
Tucutncari,   NMex.,  Ji)25   to  102i),   inclusive 


Date  planted 


1925 

May  1 

May  15 

June  1 

June  16 

June  30 

1926 

May  1 

May  16 

June  1 

June  15 

June  30 


Stalks  infested- 

Date  com 

first  ap- 

peared 

By  borers 

By  borers 

above 

of  the 

of  the  sec- 

ground 

first  gen- 
eration 

ond  gen- 

eration 

PercerU 

Percent 

(1) 

(») 

2 

81 

June  22 

0 

82 

June  24 

0 

79 

July    6 

0 

61 

May  11 

16 

31 

May  22 

3 

27 

June    7 

0 

30 

June  21 

0 

43 

July     6 

0 

63 

Date  planted 


1927 

May  2 

May  16 

May  23 

June  1 

June  17 

July  1 

1928 

May  5 

June  16 

1929 

May  8 

June  18 


Date  corn 
first  ap- 
peared 
above 
ground 


May  16 
May  24 
June  1 
June  20 
June  23 
July     7 


May  21 
June    5 


May  19 
June  26 


Stalks  infested— 


By  borers 

of  the 
first  fen 
eration 


Percent 
18 
16 
12 
10 
6 
0 


By  borers 
of  the  sec- 
ond gen- 
eration 


PercerU 
18 
20 
24 
12 
10 
20 


97 


•  No  stand  was  secured  in  the  May  1  planting. 

*  Corn  came  up  very  irregularly  and  made  a  poor  stand. 

Table  11  shows  that  in  4  years  out  of  5  the  corn  planted  in  June 
was  not  infested  by  borers  of  the  first  generation.  One  year,  1927, 
was  so  dry  that  the  experimental  plantings  had  to  be  made  in  poorly 
prepared  soil,  and  general  planting  was  delayed  on  the  average 
until  June  15.  The  total  precipitation  for  the  period  January  1 
to  May  31,  inclusive,  was  only  0.77  inch.  This  condition  of  drought 
retarded  the  development  of  the  overwintered  borers  so  that  there 
was  no  emergence  of  moths  before  the  end  of  June,  and  all  the  corn 
l^lantings  were  up  by  the  time  the  emergence  of  moths  was  well 
under  way. 

Corn  planted  before  May  18  suffered  more  infestation  from  the 
first  generation  than  corn  planted  after  that  date.  This  is  shown 
especially  in  1926,  1928,  and  1929.  The  1925  record  might  have 
shown  a  greater  difference  had  there  been  a  stand  from  the  May  1 
seeding,  as  corn  planted  May  14  in  a  nearby  plot  under  better  con- 
ditions of  tilth  was  much  taller,  more  uniform  in  stand  than  that  in 
the  regular  plot,  and  was  38  percent  infested  by  first-generation 
larvae. 

It  may  be  considered  as  established  that  corn  should  not  be  planted 
in  northeastern  New  Mexico  before  the  middle  of  May  if  first- 
generation  borers  are  to  be  avoided.  The  desirable  period  of  plant- 
ing, from  other  standpoints  as  well  as  that  of  the  borer,  would  seem 
to  be  from  May  18  to  June  5.  Records  and  results  of  the  work  at 
the  Tucumcari  (N.Mex.)  field  station  of  the  Bureau  of  Plant  In- 
dustry show  that  Mexican  June  corn  was  planted  there  7  years  in 
May  and  3  years  in  June.  The  May  plantings  ranged  from  May 
18  to  30.  In  only  one  of  these  years  was  the  corn  not  fully  mature 
when  harvested.  The  June  plantings,  on  dates  ranging  from  June 
4  to  20,  were  somewhat  immature  when  harvested,  although  the 
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actual  loss  from  immaturity  was  probably  small  in  most  years,  as 
ears  immature  when  harvested  harden  considerably  in  the  shock. 
The  degree  of  immaturity  will  depend  on  the  individual  season. 
The  immaturity  of  the  June  plantings  is  not  serious  unless  quite 
pronounced. 

From  the  foregoing  it  appears  that  in  the  neighborhood  of  Tucum- 
cari  corn  can  be  planted,  in  most  years,  late  enough  largely  to  avoid 
the  first-generation  borers  and  yet  within  the  favorable  planting 
period  for  corn.  The  exceptions  w^ill  be  years  when  there  is  insuffi- 
cient moisture  for  preparing  the  land  and  germinating  the  seed. 
Since  the  sole  purpose  of  delaying  planting,  as  here  considered,  is 
avoidance  of  infestation  by  first-generation  borers,  the  maximum 
benefit  could  be  secured  only  when  all  growers  in  an  isolated  district 
cooperated  in  the  delaying  of  planting. 

DESTRUCTION  OF  HIBERNATING  BORERS  IN  STUBBLE 

The  life-history  studies  of  the  southwestern  corn  borer  indicated 
that  it  is  most  susceptible  to  control  by  modifications  in  farm  prac- 
tice during  the  period  of  hibernation.  Early  in  the  investigation 
the  field  inspections  by  Horton  revealed  that  the  borers  could  not 
successfully  wdnter  in  cornstalks  or  stubs  Avhich  had  been  uprooted 
in  the  course  of  plowing  and  exposed  for  a  considerable  period  to 
weathering. 

Control  methods  applied  to  stubble  should,  if  possible,  be  made  to 
fit  in  with  local  farm  practice  in  handling  the  corn  land  after  the 
crop  has  been  harvested,  for  farm  practice  in  this  respect  varies 
Avidely  in  different  sections.  In  northeastern  New  Mexico  and  the 
Texas  Panhandle  the  general  practice  is  to  harvest  the  ears,  leaving 
the  stalks  standing,  or  less  generally  to  cut  the  crop  with  a  binder, 
leaving  the  stubble  standing,  without  fall  preparation  of  the  land. 
Fall  preparation  is  particularly  avoided  on  sandy  soils  to  prevent 
soil  blowing.  In  southern  Arizona  the  usual  practice  is  to  cut  the 
corn  crop,  disk  the  land,  and  plant  a  winter  grain  crop  for  hay  and 
pasturage.  This  light  surface  cultivation  leaves  the  stubble  intact 
and  the  hibernating  borers  in  safety. 

It  is  seen,  therefore,  that  the  problem  of  destroying  the  borers  in 
hibernation  must  be  solved  somewhat  differently  in  the  two  sections 
mentioned,  and  the  method  used  on  sandy  soil  must  differ  from  that 
used  on  the  more  dense  loam  and  clay  soils.  Where  soil  blowing  is 
not  an  important  factor  the  stubs  can  be  plowed  under  or  rooted 
out  in  the  fall,  or  otherwise  treated  by  any  economical  method  that 
will  destroy  the  borers.  With  these  points  in  mind,  several  methods 
of  controlling  the  borers  in  hibernation  have  been  tested. 

EFFECT    OF    DIFFERENT    TREATMENTS    OF    STUBBLE    ON    EMERGENCE 

Two  preliminary  experiments  were  conducted  to  test  the  effect  of 
different  methods  of  handling  the  corn  stubble  on  the  emergence  of 
the  hibernating  generation. 

One  of  these  was  conducted  near  Tucson  in  1928.  In  this  test  100 
stubs  were  buried  horizontally  in  each  of  three  wooden  frames  at 
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depths  of  2,  4,  and  6  inches,  respectively  (fig.  28).  After  this  the 
frames  were  covered  with  wire  screens  to  catch  emerging  moths.  No 
moths  emerged  from  the  stubs  buried  at  4-  and  6-inch  depths,  and 
only  two  emerged  from  those  buried  2  inches  deep. 

In  the  other  experiment,  conducted  near  Tucumcari,  N.Mex.,  in 
1923,  four  groups  of  eight  selected  infested  stubs  each  were  treated 
as  follows :  Two  lots  of  stubs  were  buried  in  soil  to  depths  of  8  and 
4  inches,  respectively,  the  third  lot  was  set  in  a  normal  growing  posi- 
tion to  serve  as  a  check,  and  the  fourth  lot  was  freed  irom  soil  and 
laid  loosely  on  the  surface.  All  were  covered  by  screen  cages.  No 
moths  emerged  from  the  stubs  buried  8  and  4  inches  deep,  or  from 
those  left  lying  on  the  surface ;  whereas  6  moths  emerged  in  the  check 
cage  from  the  planted  stubs,  and  one  living  unemerged  moth  was 
found  in  a  pupal  skin. 

The  conclusion  was  that  either  complete  burial  to  a  depth  of  not 
less  than  4  inches  or  complete  exposure  of  the  stubs  to  weathering  is 
sufficient  to  destroy  the  borers  and  prevent  emergence. 


Figure  28. 


-Type  of  wooden  frame  used  in  experiments  to  determine  possible  emergence 
of  buried  borers  from  soil. 


EFFECT    ON    HIBERNATING    BORERS    OF    DIFFERENT    METHODS    OF    CULTIVATING 

STUBBLE 

The  effect  of  different  methods  of  cultivating  stubble  fields  was 
tried  out  on  a  practical  scale  at  Sulphur  Springs  Vallej^,  Ariz.,  in 
the  season  of  1927-28.  Three  stubble  plots  were  given  different  treat- 
ments in  December  1927,  and  mortality  counts  of  the  borers  were 
made  in  March  1928.  The  treatments  were  as  follows:  (1)  Stubs 
dragged  with  an  iron  rail  and  flooded  once  by  irrigation;  (2)  stubs 
plowed  out  on  the  surface  of  the  ground;  (3)  stubs  disked  twice, 
plowed,  and  harrowed  twice.  In  another  plot  left  as  a  check  the 
stubs  were  left  standing. 

The  results  of  these  experiments  show  that  treatment  by  dragging 
and  flooding  was  of  no  value  in  destroying  the  borers ;  whereas  bury- 
ing by  disking,  plowing,  and  harrowing  was  followed  by  96  percent 
borer  mortality,  and  plowing  the  stubs  out  onto  the  surface  by  83 
percent  borer  mortality.    The  results  are  shown  in  detail  in  table  12. 
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Table  12. — Winter  mortality  of  the  southwestern  com  "borer  folloiving  different 
methods  of  cultivating  stubble  plots,  Sulphur  Springs  Valley,  Ariz.,  1927-28 


Plot 

Plot  treatment,  December  1927 

Stubs  ex- 
amined, 
March  1928 

Hibernating  borers  found 

Total 

Dead 

1 

Stubs  dragged  with  an  iron  rail  and  flooded  once 

Number 
50 
100 
100 
100 

Number 
38 
72 
73 
85 

Number 
5 

60 
70 
12 

Percent 

13 

2 

Stubs  plowed  out  onto  the  surface 

83 

3 

4 

Disked  twice,  plowed,  and  harrowed  twice 

Check;  stubs  left  in  planting  position  over  winter. 

96 
14 

A  portion  of  a  stubble  field  at  Elfrida,  Ariz.,  was  treated  in  the 
fall  of  1927  by  dragging  a  heavy  iron  rail  crosswise  over  the  stubs 
so  that  they  w^ere  cracked  open  or  broken  off,  with  the  idea  of 
increasing  and  prolonging  the  exposure  of  the  larvae  to  the  weather. 
Examination  of  the  borers  in  this  field  the  following  spring  proved 
the  mortality  to  be  no  greater  in  the  dragged  stubs  than  in  undis- 
turbed check  stubs. 

DESTRUCTION   OF   BORERS   BY   UPROOTING   THE    STUBS 

A  study,  by  Horton  in  1923,  of  spring-cultivated  stubble  fields  in 
northeastern  New  Mexico  showed  that  in  practice  varying  quantities 
of  stubs  are  either  thrown  out  onto  the  surface,  partially  buried,  or 
wholly  buried,  depending  on  the  thoroughness  and  manner  of  culti- 
vation. An  examination  of  the  borer  population  of  these  fields 
showed  a  higher  mortality  among  the  borers  in  the  first  group  than 
among  those  in  either  of  the  other  groups.  Experiments  were  there- 
fore initiated  that  year  to  determine  the  control  value  of  weathering 
the  stubs  by  uprooting  them. 

In  experiments  conducted  at  Tucumcari,  over  a  period  of  5  years, 
stubs  were  exposed  to  w^eathering  for  various  periods  of  time,  by 
uprooting  by  different  methods  and  on  different  dates  in  fall  and 
spring.  This  was  followed  by  mortality  counts  of  the  borer  just  be- 
fore the  land  had  to  be  prepared  for  replanting.  In  some  plots  the 
stubs  were  uprooted  with  a  cowpea  harvester,  in  others  wdth  a  lister 
having  its  moldboards  removed,  and  in  still  others  by  the  use  of 
a  hand  implement.  Suitable  check  plots  were  maintained  in  which 
the  stubs  were  left  standing  in  the  rows  as  planted.  The  plots  were 
of  one  tenth  acre  each.    The  results  are  shown  in  table  13. 

Table  13. — Experhnents  in  uprooting  stubble  to  control  the  southwestern  corn 
borer,  Tucunwari,  N.Mex. 


Infesta- 

Period 

tion  of 

Season 

Plot 
no. 

Method  of  treatment 

Date 
treated 

Date  ex- 
amined 

of 
weath- 
ering 

100 
stubs 
exam- 
ined 

Total 
borers 

Dead  borers 

1923-24 

1 

Uprooted     with     cowpea 
harvester 

1924 

1924 

Days 

Percent 

Number 

Number 

Percent 

Apr.     1 

May  12 

41 

a 

59 

41 

69 

2 

Check;  stubs  left  standing. 

--do 

76 

19 

25 

3 

Uprooted     with     cowpea 
harvester 

Apr.     9 
Apr.   16 

do 

33 

0) 
(0 

83 

53 

64 

4 

do 

—do-.- 

26 

64 

19 

30 

6 

do 

Apr.   23 
May    1 

.--do 

19 

0) 

50 

15 

30 

6 

do 

—do 

11 

0) 

87 

37 

43 

7 

do 

May    7 

—do 

5 

0) 

81 

32 

40 

8 

Check;  stubs  left  standing- 

— do-.... 



(0 

88 

37 

42 

1  Rate  of  infestation  not  determined. 
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Table  13.- 


-Experiments  in  uprooting  stubble  to  control  the  southwestorn  corn 
borer,  Tucumcari,  N.Mcx. — Continued 


Season 


192&-27 


1927-28 


Plot 
no 


1928-29 


1929-30 


Method  of  treatment 


Uprooted    with    cowpea 
harvester • 


—-do 

.—do 

—.do 

Check;  stubs  left  standing 


Uprooted  with  a  lister. 
do 


Check;  stubs  left  standing. 


Uprooted  with  a  lister 

do 

Check;  stubs  left  standing. 


Uprooted  with  a  lister 

Check;  stubs  left  standing. 
Uprooted  by  hand 


Uprooted  with  a  lister 

Check;  stubs  left  standing. 
Uprooted  by  hand 


do 

Check;  stubs  left  standing. 
Uprooted  with  a  lister 


Uprooted  by  hand 

Check;  stubs  left  standing. 
Uprooted  with  a  lister 


Date 
treated 


1926 
Nov.    1 

1927 
Feb.   15 
Mar.  10 
Apr.     6 


Nov.    4 
..do.—. 


Feb.     8 
...do..... 


Oct.   30 


Oct.   30 

1929 
Feb.  23 

Feb. "23' 

Oct.    29 

Nov.    6 

1930 
Mar.    4 

Mar." '4' 


Date  ex- 
amined 


1927 
May  15 


...do. 
...do- 
...do. 
...do- 


May  21 
..do..-, 
-do..... 


..do. 
..do- 
..do. 


May    7 

-.do 

-do 


-do—, 
-do—., 
-do—.. 

1930 
Apr.   17 

-do 

-do 


...do- 
-do. 
.do- 


Period 

of 
weath- 
ering 


Days 
195 


199 


Infesta- 
tion of 

100 
stubs 
exam- 
ined 


Percent 
24 


34 


69 


85 


Total 
borers 


Dead  borers 


nber 

Number 

24 

21 

19 

13 

21 

12 

29 

10 

72 

11 

34 

34 

26 

26 

44 

18 

21 

17 

31 

21 

34 

10 

46 

41 

56 

10 

68 

53 

69 

59 

66 

19 

66 

60 

93 

90 

85 

74 

96 

92 

98 

84 

90 

74 

93 

72 

Percent 


100 
100 
41 


The  first  year's  experiments  consisted  entirely  of  uprootings  made 
weekly  in  the  spring,  beginning  April  1  and  ending  May  7,  1924, 
the  stubs  being  exposed  for  periods  of  from  5  to  41  days.  The  longer 
periods  of  weathering,  33  and  41  days,  in  the  treatments  of  April  1 
and  9,  though  not  long  enough  for  a  satisfactory  kill,  were  long 
enough  to  offer  encouragement  regarding  this  method,  since  the 
average  mortality  in  these  two  uprootings  was  66  percent  of  the 
borers,  whereas  in  the  contiguous  check  stubs  the  mortality  was  only 
25  percent  During  the  second  season  (1926-27)  stubs  were  uprooted 
in  the  winter,  beginning  November  1,  as  well  as  in  the  spring,  the 
time  of  exposure  ranging  from  39  to  195  days.  The  resulting  mor- 
tality increased  by  degrees  roughly  commensurate  with  the  duration 
of  exposure,  the  winter  treatments  causing  the  greater  mortality. 

Thereafter  the  mortality  comparisons  were  confined  to  plots  culti- 
vated usually  in  late  October  or  early  November,  and  others  culti- 
vated in  late  February  or  early  March.  In  the  season  of  1927-28  a 
comparison  of  the  mortality  of  the  two  November  uprootings  (100 
percent  in  each  case)  with  the  average  mortality  of  the  two  checks 
showed  that  a  net  mortality  of  65  percent  could  be  credited  to  the 
November  listing,  whereas  the  listing  in  February  gave  a  net  kill  of 
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only  40  percent.  In  other  words  the  diiFerence  in  net  mortality 
between  the  February  and  the  November  treatments  was  25  percent 
of  the  total  number  of  larvae.  This  difference,  though  slight,  indi- 
cates an  advantage  in  fall  cultivation,  and  the  difference  would  be 
more  pronounced  were  the  natural  mortality  lower.  The  work  of 
the  season  of  1928-29  verifies  this  conclusion,  the  advantage  of  early 
uprooting  being  shown  by  the  fact  that  the  difference  in  the  average 
net  mortality  for  the  fall  treatments  as  compared  with  the  spring 
treatments,  after  allowing  for  the  mortality  in  the  respective  checks, 
was  13  percent  of  the  total  number  of  larvae. 

The  results  of  the  experiments  in  the  season  1929-30  are  illus- 
trative of  the  fact  that  natural  mortality  is  sometimes  very  high,  an 
average  of  85  percent  of  the  borers  having  perished  in  the  non- 
cultivated  stubs  before  planting  time  in  1930.  The  same  tendency, 
however,  is  shown  in  that  season  as  before,  more  borers  having  been 
destroyed  by  the  fall  cultivation  than  by  the  winter  cultivation, 
after  discounting  the  natural  mortality. 

As  is  to  be  expected,  not  all  of  the  stubble  can  be  cleanl}^  uprooted 
and  completely  freed  from  soil  by  listing.  However,  the  data  for 
the  seasons  of  1928-29  and  1929-30  indicate  that  only  a  slight  in- 
crease in  borer  mortality  was  accomplished  when  stubble  was 
uprooted  w^ith  a  grubbing  hoe  and  completely  freed  from  soil,  as 
compared  with  listing. 

Similar  experiments  in  exposing  the  stubs  to  weathering  by  plow- 
ing them  out  in  the  winter  were  conducted  in  Arizona,  mortality 
counts  being  made  the  following  spring  just  before  pupation.  The 
percentage  of  borers  killed  by  this  method  ranged  from  30  to  83, 
depending  on  soil  type.  The  higher  mortality  occurred  on  sandy 
soil,  doubtless  because  this  soil  separates  more  readily  from  the 
roots,  whereas  heavier  soil  clings  to  them  in  compact  clods. 

SURFACE  TREATMENT  OF  STUBS 

Tests  were  made  in  southern  Arizona  to  determine  the  feasibility 
of  destroying  the  hibernating  larvae  by  thoroughly  burying  the 
stubs  and  then  working  the  topsoil  in  the  fall.  A  stubble  field  was 
deeply  plowed,  then  disked,  then  harrowed  twice  with  a  spring- 
tooth  harrow,  with  the  result  that  the  soil  w^as  thoroughly  and  finely 
broken  up.  Such  stubs  as  remained  on  the  surface  had  been  freed 
from  soil  and  many  of  them  split  open  by  the  treatment.  Examina- 
tion of  the  borers  in  the  exposed  stubs  the  following  spring  showed 
96  percent  of  them  to  be  dead  and  the  rest  so  devitalized  that  they 
most  probably  would  be  unable  to  continue  to  the  adult  stage 
(table  12). 

This  process  of  plowing  the  stubs  under  and  working  the  topsoil 
in  the  fall  or  early  winter,  if  thoroughly  done,  will  kill  practically  all 
of  the  overwintering  larvae  in  the  fields.  The  earlier  in  the  season 
it  is  done  the  better,  as  the  larvae  in  stubs  that  escape  burial  will 
be  longer  subject  to  weather  conditions. 

In  southern  Arizona,  where  stubble  fields  as  a  rule  are  merely 
disked  and  then  planted  to  winter  grain  for  hay  and  pasturage,  the 
stubs  are  left  intact,  and  consequently  many  of  the  borers  survive 
the  winter  as  safely  as  if  the  stubs  had  not  been  touched.     The 
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larvae  must  be  either  buried  or  exposed  to  adverse  winter  weather 
if  they  are  to  be  destroyed.  This  is  best  accomplished  by  deep  plow- 
ing and  thorough  working  of  the  topsoil. 

Control  by  fall  plowing  and  topworking  the  soil  in  stubble  fields 
has  not  thus  far  been  put  to  the  test  in  the  largely  prevailing  sandy 
soils  in  eastern  New  Mexico  because  of  the  danger  of  blowing. 
Doubtless  there  are  soil  types,  however,  both  in  eastern  New  Mexico 
and  in  the  Texas  Panhandle  where  stubble  plowing  could  be  prac- 
ticed. 

CLEAN  FARMING 

Clean  farming  will  be  found  of  assistance  in  controlling  the  borer. 
Infested  corn  stubs  are  occasionally  piled  on  or  adjacent  to  a  culti- 
vated area  in  the  fall  in  southern  Arizona.  Many  of  the  larvae  in 
such  piles  will  pass  the  winter  successfully  and  emerge  as  adults  in 
the  spring  to  reinfest  early  planted  corn.  Stubs  removed  from  fields 
should  be  burned  to  destroy  the  contained  larvae,  thus  removing  this 
source  of  infestation.  Early  corn  planted  adjacent  to  infested  corn 
stubble  of  the  previous  year  has  an  excellent  chance  of  being  infested 
by  the  issuing  spring  moths. 

Since  the  borer  may  pass  the  winter  in  Johnson  grass,  care  should 
be  taken  to  keep  the  fields,  fence  rows,  and  ditch  banks  free  from  this 
grass. 

OVICIDES  AND  LARVICIDES 

Although  cultural  practices  carried  out  cooperatively  are  the 
cheapest  and  most  reliable  means  of  preventing  serious  damage  to 
large  plantings  of  field  corn,  there  may  be  an  occasional  use  for 
insecticides  in  controlling  the  southwestern  corn  borer  in  high-price 
sweet  corn,  in  small  patches,  and  in  years  of  unusually  heavy  out- 
breaks of  the  borer. 

Experiments  with,  ovicides  and  larvicides  for  the  second  genera- 
tion were  conducted  by  Davis  at  Tucson  during  1929  and  1930.  The 
first  generation  was  avoided  by  late  planting  (June  1),  and  the  third 
generation  was  taken  care  of  oy  the  advanced  growth  of  the  plants, 
aided  by  the  natural  enemies.  The  larvicides  used  in  these  tests 
included  various  types  of  arsenical  and  fluorine  dusts,  and  various 
sprays  consisting  of  mixtures  of  arsenates,  fluosilicates,  and  nicotine. 
Several  different  oils  were  applied  as  ovicides. 

The  experiments  of  1929  indicated  little  value  in  nicotine  and  lead- 
arsenate  sprays  or  in  lead  arsenate  as  a  dust.  Only  one  proprietary 
miscible  oil  of  those  used  as  ovicides  gave  any  promise  of  a  satisfac- 
tory control.  The  tests  of  1929  were  preliminary  in  nature,  how- 
ever, applied  with  the  idea  of  finding  one  or  more  promising  sub- 
stances which  might  be  given  a  more  thorough  trial  later. 

In  1930  the  materials  which  did  not  show  promise  in  1929  were 
omitted.  Barium  and  sodium  fluosilicates  and  cryolite  (sodium  fluo- 
aluminate)  were  dusted  and  sprayed  as  larvicides.  Lead-arsenate 
spray  was  also  used  for  comparison  with  the  other  materials.  A 
miscible  oil  was  applied  as  an  ovicide. 

At  the  time  of  these  control  applications  the  corn  plants  ranged 
from  2  to  3  feet  high,  a  majority  of  the  plants  being  approximately 
2  feet  high.    The  larvicides  were  applied  at  about  the  peak  of  the 


58  TECHNICAL  BULLETIN   3  8  8,   U.S.   DEPT.   OF  AGRICULTURE 


egg  stage  of  the  second  generation,  but  before  very  many  of  the 
eggs  had  hatched.  The  larvae  were  thus  largely  in  the  first  instar 
when  affected  bj  the  insecticides. 

The  results  ot  the  insecticides  applied  in  1930  are  shown  in  table  14. 

Table  14. — Results  of  insecticide  tests  on  the  southwestern  corn  borer  at  Tucson, 

Ariz.,  1930 

DUSTS 


Stalks  infested 

Insecticides  and  strength  at  which  used 

Treated 
plots 

Check 
plots 

Barium  fluosilicate,i  80  percent.. 

Percent 
3 
14 
15 
23 
31 

Percent 

47 

Barium  fluosilicate,  33  percent;  talc,  67  percent 

48 

Barium  fluosilicate,  33  percent;  hydrated  lime,  67  percent. 

45 

Cryolite,  33  percent;  hydrated  lime,  67  percent.. ... 

47 

Sodium  fluosilicate,  33  percent;  hydrated  lime,  67  percent 

34 

SPRAYS 

Lead  arsenate  (larvicide),  2  pounds  to  100  gallons  of  water 

Cryolite  (larvicide),  2  pounds  to  100  gallons  of  water 

Barium  fluosilicate  (larvicide),  2  pounds  to  100  gallons  of  water. 
Sodium  fluosilicate  (larvicide),  2  pounds  to  100  gallons  of  water. 

Miscible  oil  i  (for  eggs),  1  percent  * 


1  Commercial  product. 

-  Strength  based  on  total  volume  of  oil  although  it  contained  only  80  percent  of  active  ingredients. 

3  Two  applications. 

*  Three  applications. 

The  dusts  as  a  whole,  as  shown  in  table  14,  gave  more  favorable 
results,  and  of  these  dusts  the  barium  fluosilicate  mixtures  were 
superior  to  those  of  cryolite  or  sodium  fluosilicate.  The  plot  dusted 
with  a  commercial  product,  containing  80  percent  barium  fluosilicate, 
had  only  3  percent  of  the  cornstalks  infested,  as  compared  with  47 
percent  infested  in  the  check. 

The  results  of  the  sprays  were  not  promising,  although  these  had 
some  value  as  a  control  of  the  borer.  Miscible  oil,  a  commercial 
product,  gave  fair  results  against  the  eggs  of  the  southwestern  corn 
l3orer  after  three  applications  were  made;  however,  since  it  is  im- 
practicable to  make  three  control  applications  in  commercial  plant- 
ings of  corn,  this  material  cannot  be  considered.  This  oil,  when 
sprayed  on  eggs  in  the  laboratory  at  a  dilution  of  1  part  oil  to  400 
parts  water,  has  given  100  percent  control,  but  it  has  not  been  possible 
to  obtain  this  control  in  the  field. 

Burning  resulted  from  some  of  these  materials,  though  in  no 
case  did  it  result  in  appreciable  damage.  No  burning  resulted  from 
the  miscible  oil  or  lead  arsenate.  Sodium  fluosilicate  caused  the 
greatest  burning,  while  barium  fluosilicate  and  cryolite  were  slightly 
less  caustic  to  the  plants.  Burned  plants  returned  to  a  normal  condi- 
tion about  a  week  after  the  application. 

The  insecticide  tests  reported  herein  are  of  a  preliminary  nature. 
Barium  fluosilicate  dusts  have  shown  the  most  promise,  and  it  is 
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hoped  an  effective  control  can  be  obtained  with  this  material,  as  it 
has  the  necessary  requirements  of  a  practical  control  for  the  south- 
western corn  borer,  namely,  low  cost  and  speed  of  application. 

CONTROL  RECOMMENDATIONS 

The  best  methods  for  controlling  the  southwestern  corn  borer  so 
far  indicated  by  the  experimental  data  are  the  following  cultural 
practices:  (1)  Planting  as  late  as  is  consistent  with  good  agronomic 
practice;  (2)  providing  such  aids  to  the  production  of  vigorous, 
rapidly  growing  plants  as  may  be  available;  and  (3)  increasing  the 
rate  or  mortality  of  the  overwintering  brood  of  larvae  by  fall  culti- 
vation where  practicable.  Fall  cultivation  is  not  recommended, 
however,  where  there  is  danger  of  soil  blowing,  unless  it  can  be  done 
in  such  a  manner  or  followed  by  such  cultivation  as  will  prevent 
blowing. 

Field  corn  should  be  planted  as  late  as  practicable  in  May,  or  in 
very  early  June,  to  avoid  infestation  by  the  borers  of  the  first  genera- 
tion and  produce  the  best  yield.  In  areas  where  only  dry-land  agri- 
culture is  practiced,  the  exact  time  of  planting  will  depend  on  the 
moisture  conditions  prevailing  in  the  particular  crop  season,  but 
as  a  rule  May-planted  corn  may  be  expected  to  mature  better  than 
June-planted  corn,  hence  borer  control  is  aided  by  the  late  arrival 
of  good  planting  conditions  within  this  period.  In  communities 
where  damage  by  the  borer  is  a  serious  factor  in  the  production  of 
corn,  all  the  growers  in  the  community  should  work  together,  both 
as  to  time  of  planting  and  in  applying  methods  of  cultivation  to 
destroy  the  overwintering  larvae.  In  eastern  New  Mexico  and  parts 
of  the  Texas  Panhandle,  particularly  where  sandy  soils  prevail, 
fall  listing  should  be  practiced  with  the  aim  of  turning  the  stubble 
or  stalks  out  on  the  surface,  where  they  will  be  subjected  to  as  long 
a  period  of  weathering  as  possible.  This  is  practicable,  however, 
only  where  it  can  be  followed  by  cultivation  which  will  prevent  soil 
blowing,  such  as,  possibly,  counterlisting  in  the  spring. 

In  southern  Arizona  the  fields  should  be  deeply  plowed  in  the  fall, 
turning  the  stubs  under  to  a  depth  of  4  inches  or  more,  after  which 
the  land  should  be  thoroughly  top-worked  to  preclude  the  possibility 
of  emergence  of  the  moths.  Field  margins  and  ditch  banks  should 
be  kept  free  from  Johnson  grass,  and  the  piling  of  corn  stubs  in  the 
fields  should  be  avoided.  Where  practicable,  rapid  and  vigorous 
growth  of  plants  should  be  stimulated  by  planting  on  land  of  natu- 
rally high  fertility,  by  rotation  of  crops,  and  (where  irrigation  is 
practiced)  by  the  application  of  sufficient  water. 

SUMMARY 

The  southwestern  corn  borer  (Diatraea  grandiosella)  appears  to 
have  entered  the  United  States  trom  Mexico.  Its  present  distribu- 
tion in  this  country  covers  the  southeastern  corner  of  Arizona,  nearly 
the  southeastern  two  thirds  of  New  Mexico,  most  of  the  Panhandle 
and  Big  Bend  districts  of  western  Texas,  about  two  thirds  of  the 
Oklahoma  Panhandle,  the  extreme  southeastern  corner  of  Colorado, 
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and  the  extreme  southwestern  corner  of  Kansas.  Spread  of  this  spe- 
cies is  largely  by  flight  of  the  moths,  the  river  valleys  having  afforded 
the  principal  channels  of  its  northward  encroachment  in  the  United 
States. 

This  corn  borer,  one  of  the  five  species  of  Diatraea  known  to  in- 
habit the  United  States,  occurs,  as  far  as  at  present  known,  only  in 
the  Southwest,  its  present  area  of  infestation  not  yet  overlapping 
that  of  any  of  the  other  species  of  Diatraea^  and  it  is  therefore  not 
likely  to  be  confused  with  any  of  them. 

The  known  host  plants  of  the  southwestern  corn  borer  include 
corn,  broomcorn,  most  of  the  grain  sorghums,  sugarcane,  and  John- 
son grass,  although  corn  is  usually  the  only  crop  materially  damaged. 

The  insect  is  injurious  only  in  the  larval  stages,  in  which  it  at- 
tacks the  leaves,  buds,  stalks,  and  occasionally  the  ears.  Damage  to 
corn  is  of  all  degrees,  even  to  total  destruction  of  the  crop.  Grain 
sorghums  have  not  so  far  been  found  to  suffer  more  than  a  10  percent 
infestation  of  stalks  in  any  single  planting. 

The  Qgg  is  small,  flat,  and  oval,  and  white  when  first  deposited,  soon 
developing  three  red  bands  and  later  showing  the  head  capsule  and 
thoracic  plate.  The  summer  larva  is  Avhite  with  brownish-black 
spots;  the  winter  form  is  of  a  uniform  cream  color.  The  fully  de- 
veloped larva  is  approximately  25  mm  (about  1  inch)  long.  The 
pupa  is  brownish  amber  and  about  13  to  25  mm  long.  The  adult 
moth  has  whitish  wings  wdth  a  slight  yellow  tint  and  brown  veins. 
It  measures  from  about  15  to  40  mm  from  tip  to  tip  of  the  expanded 
wings,  the  females  being  the  larger. 

Female  moths  lay  from  150  to  400  eggs  each,  depositing  them  for 
the  most  part  on  the  upper  surface  of  the  leaves.  The  incubation 
period  is  usually  5  days.  Upon  emerging,  the  young  larvae  may 
tunnel  into  the  midrib  of  the  larger  leaves  or  feed  for  a  while  near 
the  place  where  the  eggs  were  laid,  but  they  later  work  toward  the 
rolled  leaves,  or  bud.  While  in  the  third  or  fourth  instar  they  leave 
the  bud  and  enter  the  stalk.  Pupation  in  summer  is  in  a  tunnel  in 
the  stalk,  usually  in  the  lower  portion.  Hibernation  is  in  the  base 
of  the  stalk,  and  usually  only  one  larva  survives  in  a  single  stalk, 
changing  to  a  pupa  in  the  spring.  The  adult  moth  is  nocturnal  in 
habit. 

Damage  to  corn  by  associated  insects,  namely,  the  corn  ear  worm, 
the  fall  army  worm,  and  the  curlew  bug,  is  similar  to  and  often 
closely  associated  wdth  that  done  by  the  southwestern  ,corn  borer, 
hence  easily  mistaken  for  corn-borer  damage. 

Natural  enemies,  especially  the  hymenopterous  ^gg  parasite  Tri- 
chogramma  imnutAMn  and  the  larval  parasite  Apanteles  diatraeae^ 
are  at  times  a  considerable  factor  in  reducing  the  population  of  the 
southwestern  corn  borer. 

Experiments  with  cultural  methods  of  control  have  given  much 
promise  of  effective  reduction  of  the  borers,  and  prevention  of  dam- 
age, through  community  effort  in  planting  at  the  optimum  time  and 
in  destroying  the  overwintering  brood  of  larvae  by  cultivation. 
Fall  plowing,  followed  by  thorough  disking  and  harrowing,  so  as  to 
crack  unburied  stubs  and  free  them  of  soil,  has  resulted  in  practi- 
cally a  100-percent  kill  of  the  overwintering  larvae. 
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Precautions  should  be  taken  to  see  that  old  corn  stubs  are  not 
allowed  to  remain  piled  aboiit  the  farm  and  that  Johnson  grass  is 
destroyed. 

The  value  of  insecticides  for  controlling  the  southwestern  corn 
borer  has  not  been  fully  determined.  Barium  fluosilicate  dust,  in 
the  proportion  of  1  part  of  the  poison  to  2  parts  of  hydrated  lime 
or  other  carrier,  however,  has  jj^iven  some  j^romiso  of  a  practical  con- 
trol in  plantings  of  table  corn. 
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INTRODUCTION 

Most  of  the  Persian  ("English")  walnuts  produced  commercially 
in  the  United  States  are  grown  on  the  Pacific  coast.  California 
produces  about  95  percent  of  the  total  crop,  while  Oregon  and  Wash- 
mgton  have  a  small  but  increasing  walnut  industry.  The  total 
area  in  walnuts  in  California  in  1929  was  127,485  acres,  of  which 
87,564  acres  were  bearing  trees  and  39,921  not  yet  in  bearing;  the 
acreage  in  Washington  and  Oregon  was  approximately  18,000,  slightly 
over  half  of  it  being  young  trees  not  yet  in  bearing.  The  average 
annual  production  in  California  for  the  10-year  period  1918-27  was 
52,320,000  pounds,  the  minimum  being  30,000,000  pounds  and  the 
maximum  102,000,000  pounds  per  year.  There  is  considerable 
variation  from  year  to  year  in  the  size  of  the  crop  produced.  Some- 
times a  light  crop  is  traceable  to  some  such  simple  and  obvious  cause 
as  heavy  frosts  affecting  large  areas  during  the  blooming  season,  but 
more  often  the  causes  for  crop  failure  are  not  easy  to  discover.  Even 
in  years  when  the  average  yield  is  high,  growers  are  sometimes  baffled 
by  the  failure  of  the  individual  orchards  or  groups  of  orchards  to  bear. 

182781°— 34 1 
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It  has  long  been  suspected  that  a  hght  set  of  nuts,  as  well  as  other 
characteristic  walnut  troubles,  including  the  premature  dropping  of 
the  pistils,  failure  of  the  kernels  to  fill  out,  ''off-shaped"  nuts,  and  de- 
fective shells,  may  be  related  closely  to  pollination.  Van  Deman  (13),^ 
in  Bailey's  Cyclopedia  of  Horticulture,  wrote: 

On  the  Pacific  coast  the  Persian  walnut  is  a  great  success  *  *  *.  True 
enough  there  are  some  failures,  but  they  are  mostly  due  to  lack  of  proper  polli- 
nation, a  matter  which  can  and  will  soon  be  generally  understood  and  overcome. 

In  the  absence  of  scientific  data  there  has  been  great  diversity  in 
the  opinions  and  practices  of  orchardists.  Many  have  planted  single 
varieties  in  large  blocks  in  the  belief  that  self-pollination  is  adequate. 
Some  have  attempted  to  insure  cross-pollination  by  planting  rows 
of  black  walnuts  on  the  outskirts  of  their  orchards.  Other  growers 
have  planted  several  varieties,  maintaining  that  cross-pollination 
improves  the  yield,  the  varieties  being  selected  necessarily  at  random 
without  accurate  knowledge  of  blooming  habits  or  pollination  charac- 
teristics. One  so-called  variety  which  has  been  a  great  favorite  in 
California,  the  Santa  Barbara,  is  not  a  single  variety  but  merely  a 
seedling  type. 

It  should  not  be  supposed  that  pollination  is  the  only  factor  that 
may  affect  the  setting  and  filling  of  walnuts.  Water  shortage, 
severe  leaf  injury  or  lack  of  foliage  development,  and  poor  nutritional 
conditions,  such  as  an  insufficient  supply  of  nitrogen,  must  also  be 
taken  into  account  as  possible  causes  of  light  crops.  The  fact  re- 
mains, however,  that  pollination  as  a  factor  affecting  walnut  pro- 
duction has  not  received  adequate  scientific  attention  heretofore. 

In  an  effort  to  solve  the  problem  of  the  exact  relation  of  pollina- 
tion to  crop  production,  experiments  were  begun  on  a  small  scale 
in  1920  and  were  continued  with  increasing  emphasis  each  season 
until  1929.  While  all  phases  of  the  subject  have  not  been  dealt 
with  fully  as  yet,  certain  facts  have  been  ascertained  which  throw 
light  upon  the  problem  and  which,  it  is  hoped,  will  pave  the  way 
for  a  more  complete  solution.  This  bulletin  is,  therefore,  a  report 
of  findings  to  1929  thought  sufficiently  significant  to  be  of  value  to 
growers. 

The  experiments  followed  three  main  lines:  (1)  The  leading 
varieties  and  a  few  of  the  unusual  varieties  were  tested  to  ascertain 
whether  they  were  self-fertile  or  self-sterile,  whether  they  were 
interfertile  or  intersterile,  and  whether  they  differed  in  degree  of 
self -fertility  or  interfertility.  (2)  Detailed  studies  were  made  of 
each  of  the  varieties  to  ascertain  the  relative  time  of  the  blooming 
of  the  pistillate  and  staminate  flowers  and  the  relation  this  might 
have  to  crop  production.  (3)  Experiments  were  conducted  to 
determine  what  relation  certain  other  pollination  factors  have  to 
nut  development  and  production. 

BLOOMING  HABITS 

A  brief  consideration  of  the  blooming  habits  of  the  walnut  is 
necessary  to  a  clear  understanding  of  pollination  problems.  The 
Persian  walnut  {Juglans  regia  L.),  like  all  other  species  of  the  genus 
Juglans,  is  monoecious,  and  bears  anemophilous  unisexual  flowers. 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  56. 
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Although  both  types  of  flowers  (staminate  or  male  blossoms  and 
pistillate  or  female  blossoms)  are  borne  upon  the  same  tree,  they 
are  produced  upon  wood  of  different  age  and  structure. 

The  staminate  flowers  develop  from  buds  formed  upon  wood  of 
the  previous  season.  The  buds  remain  upon  the  tree  throughout 
the  winter  months.  Such  buds  are  produced  in  the  leaf  axils  of  the 
twigs  (fig.  1),  and  ordinarily  occur  singly,  often  with  a  leaf  bud  just 
above  the  axillary  flower  bud  on  the  twig.  In  some  varieties  two 
or  more  staminate  buds  are  occasionally  lound  in  the  leaf  axil  (fig. 
If  B).  The  position  of  the  staminate  buds  relative  to  the  leaf  buds, 
leaves,  and  fruit  is  shown  in  figure  2. 


Figure  l.— Walnut  twigs  showing  position  of  staminate  flower  buds  in  axils  of  leaves:  A,  Twig  showing 
axillary  catkin  buds  (a)  and  leaf  buds  (fe);  B,  twig  showing  two  catkin  buds  (a  and  a  ')  in  axil  of  the 
leaf.  The  buds  are  formed  during  the  growing  season  and  remain  dormant  over  winter.  Frequently 
leaf  buds  of  the  type  shown  at  A,  b,  remain  dormant  season  after  season. 

The  pistillate  blossoms  (fig.  3),  on  the  other  hand,  are  borne 
terminally  on  shoots  produced  during  the  current  season  (fig.  4, 
6;  also  fig.  13,  (7,  c).  The  number  of  pistillate  flowers  appearing 
on  the  tip  of  each  branch  varies  with  the  variety,  season,  and  vigor 
of  the  shoot.  The  pistillate  flowers  are  borne  upon  a  rather  succu- 
lent growth,  whereas  the  staminate  flowers  are  borne  upon  twigs 
possessing  a  more  woody  structure.  Pistillate  flowers  are  produced 
and  develop  into  nuts  in  a  single  season,  and  do  not  pass  through 
a  dormant  season  or  resting  stage  as  do  the  staminate  buds  (figs.  2, 
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4,  and  5).  This  difference  in  the  types  of  wood  on  which  pistils  and 
catkins  are  borne  seems  to  have  an  important  influence  upon  their 
behavior,  as  will  be  shown  later. 

The  development  of  the  staminate  flowers  during  the  blooming 
time  in  the  spring  is  interesting.  When  w^arm  weather  comes  the 
short  cone-shaped  bud  enlarges,  the  bud  scales  open,  and  the  spike 
bearing  the  immature  flowers  elongates.  It  points  upward  at  first, 
but   with   its    continued    elono^ation    and    the    enlarsrement    of    the 


Figure  2.— Walnut  twig  showing  relative  position  of  catkin  buds,  leaf  buds,  leaves,  and  nut:  a,  Catkin 
buds;  b,  leaf  buds;  c,  nut;  d,  leaf  scars. 

individual  flowers  it  finally  becomes  pendent.  In  all  varieties  the 
staminate  catkins  are  pendent  a  considerable  time  before  the  pollen 
grains  are  shed.  The  flowers  in  the  pendant  catkins  are  in  an  inverted 
position,  the  stamens  hanging  downward.  As  the  anthers  in  the  flow- 
ers dehisce,  much  of  the  pollen  falls,  if  there  is  no  wind,  into  the  cup- 
shaped  depressions  upon  the  backs  of  the  flowers  below,  as  described 
by  Kerner  (7,  1902  ed.)  for  the  genus  Juglans.  These  depressions  are 
formed  by  the  turning  back  of  the  calyxes  (fig.  6).  Through  this 
peculiarity  in  the  structure  of  the  flowers  the  pollen  is  prevented  from 
being  scattered  upon  the  ground  when  the  air  is  still.     Later,  when 
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winds  arise,  the  pollen  is  blown  out  of  the  cavities  in  the  calyxes  and 
is  transported  considerable  distances.  In  the  common  varieties  of 
Persian  walnut  grown  in  California  the  shape  of  the  calyxes  varies, 
so  that  the  efficacy  of  this  natural  method  of  conserving  the  pollen  is 
greater  in  some  varieties  than  in  others. 

Besides  the  structure  of  the  flowers,  three  other  characteristics  of 
ihe  walnut  tend  to  insure  the  proper  distribution  of  its  pollen:  (1)  The 
pollen  grains  are  so  small  that  they  can  be  carried  by  the  wind;  (2)  a 
vast  number  of  pollen  grains  are  produced,  with  the  result  that  much 
waste  may  occur  without  preventing  efficient  distribution;  (3)  the 
catkins  on  the  tree  do  not  all  mature  at  once,  but  bloom  over  a 
considerable  period,  increasing  the  probability  that  at  least  some  of 
the  pollen  will  be  distributed  during  favorable  weather.     As  the  indi- 


FiouBE  3.— Pistillate  flowers  of  the  walnut  slightly  magnified,    a.  Stigma,  which  receives  and  holds 
the  pollen  grains;  6,  ovary, which  under  proper  conditions  develops  into  the  nut. 

vidual  flowers  in  a  catkin  mature  at  different  times,  under  some 
conditions  a  single  catkin  may  produce  pollen  for  several  days. 

FERTILITY  AND  STERILITY 

ARTIFICIAL  POLUNATION  AS  A  MEANS  OF  ASCERTAINING  WHETHER  VARIETIES  ARE 
SELF-STERILE  OR  INTERSTERILE 

In  theory  the  method  of  determining  whether  walnut  varieties  are 
self-fertile  or  self-sterile,  interfertile  or  intersterile,  is  comparatively 
simple.  All  that  is  necessary  is  to  protect  the  stigmas  from  receiving 
pollen  by  natural  means  until  such  time  as  it  is  appropriate  to  apply 
the  desired  variety  of  pollen  to  them  by  hand,  after  which  all  other 
pollen  must  be  excluded.  In  actual  practice  many  difficulties  were 
encountered. 
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METHODS    USED    IN    ARTIFICIAL    POLLINATION 

An  attempt  was  made  to  exclude  the  pollen  from  the  stigmas  by 
covering  the  tips  of  the  branches  with  glassine  and  manila-paper  bags, 
which  were  replaced  from  time  to  time  as  necessar3^  Except  in  cool 
seasons,  this  method  was  unsatisfactory,  because  overheating  within 
the  bags  often  occurred  and  caused  the  pistils  or  small  nuts  to  drop. 

The  most  satisfactory  covering  for  the  pistils  was  finally  found 
to  be  cotton  batting,  such  as  comes  in  rolls  for  quilt  making.  Cotton 
had  been  previously  used  by  the  late  Walter  Van  Fleet,  of  the  United 
States  Department  of  Agriculture,  for  excluding  pollen  in  his  walnut- 


FiGUEE  4.— Walnut  branch  showing  manner  in  which  staminate  and  pistillate  flowers  are  borne,  a. 
Catkin  which  grew  from  a  catkin  bud  similar  to  that  shown  in  figure  5,  a.  The  catkin  bud  originated 
during  the  previous  growing  season  and  remained  dormant  over  winter.  The  catkin  is  borne  upon 
wood  of  last  season's  growth  ("hardwood")-  The  shoot  shown  at  x  developed  during  the  current  season 
from  a  foliage  bud  similar  to  that  shown  in  figure  5,  b,  and  bears  terminally  the  pistil,  b.  Last  year's 
wood  growth  leaves  off  and  this  year's  growth  begins  at  c.    Leaf  scars  are  shown  at  d. 

breeding  work.  After  several  methods  of  applying  cotton  to  walnut 
pistils  had  been  tried,  the  following  procedure  was  found  to  be  most 
satisfactory:  A  small  amount  of  cotton  of  just  sufficient  size  to  cover 
the  stigma  was  placed  upon  it.  A  large  wad  of  cotton  was  then 
wrapped  around  the  tip  of  the  branch  so  as  to  envelop  completely 
the  end  of  the  twig.  The  cotton  was  held  in  place  by  small  rubber 
bands.  Each  pistil  cluster  was  tagged  and  recorded  separately. 
Owing  to  the  elongation  of  the  tips  of  the  branches  as  the  season 
advanced,  the  outer  layer  of  cotton  had  to  be  replaced  from  time  to 
time  (every  7  to  10  days).  The  inner  layer  of  cotton  served  to  prevent 
any  stray  pollen  from  alighting  on  the  stigma  while  the  change  was 
being  made.     It  was  essential  that  the  cotton  be  placed  on  the  twig 
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before  any  pollen  was  distributed  by  the  wind.  With  some  varieties 
and  in  some  districts,  as  explained  later,  the  staminate  flowers  or 
catkins  precede  the  pistils  in  development.  Consequently,  it  was 
necessary  to  cover  the  tips  of  the  branches  very  early,  in  some  cases 
before  the  pistils  formed,  in  order  to  be 
certain  that  no  pollen  was  deposited  where 
it  might  later  get  to  the  stigmas. 

WHien  it  was  desired  to  pollinate  the 
stigmas,  the  cotton  was  removed,  the  pollen 
appUed,  and  the  stigma  re-covered  with 
fresh  cotton.  Sometimes  the  cotton  was 
disarranged  through  the  whipping  of  the 
branches  in  the  winds.  In  some  localities 
birds  tore  it  off  for  building  nests.  Where 
this  was  the  case  it  was  found  advisable 
to  cover  the  cotton  on  the  tips  of  branches 
with  mosquito  netting.  When  for  any  rea- 
son a  pistil  became  exposed  or  was  injured 
it  was  eliminated  from  the  experiments. 
Cotton  was  kept  on  the  pistils  a  considerable 
time  after  the  stigmas  became  thoroughly 
dry  and  nonreceptive.  The  pistils  appear 
to  develop  as  satisfactorily  under  cotton  as 
they  do  when  exposed  naturally.  The  col- 
oring of  the  stigmas  takes  place  somewhat 
more  slowly,  and  they  do  not  usually 
mature  quite  so  rapidly,  but  otherwise  no 
difference  in  development  is  noticeable. 

In  applying  pollen  to  the  stigmas  a  long- 
handled  camel's-hair  brush  proved  more 
convenient  than  the  short  brushes  often 
used  in  pollination  work,  because  it  afforded 
comparative  ease  in  avoiding  contact  with 
the  foliage,  which  is  partly  developed  at 
the  time  the  stigmas  are  receptive. 


SELF-FERTIUTY    AND    INTERFERTILITY   OF 
VARIETIES 


Experiments  were  conducted  on  pistils 
of  15  varieties  of  Persian  walnut.  Pollen 
from  18  varieties  was  used,^  and  also  pollen 
from  3  other  species,  viz,  the  Hinds  walnut 
(northern  California  black  walnut)  (Juglans 
hindsi  Rehd.),  the  California  black  walnut 
(southern  California  black  walnut)  {J.  cal- 
if ornica  S.  Wats.),  and  the  Japanese  wal- 
nut (J.  sieboldiana  Maxim.).  Pollinations 
were  made  each  season  from  1920  to  1929,  inclusive.  Each  variety 
was  pollinated  by  its  own  pollen  and  by  as  many  other  varieties  of 
pollen  as  opportunity  permitted.  The  work  was  performed  in  as  many 
districts  as  possible  each  year. 

*  For  a  list  of  the  varieties  used  and  a  brief  description  of  each,  see  List  of  Varieties,  p.  50. 


Figure  5.— A  portion  of  a  walnut  twig 
in  the  spring  just  as  growth  is  about 
to  start,  a,  Catkin  buds  from  which 
will  spring  catkins  similar  to  the  one 
shown  in  figure  4,  a;  b,  leaf  or  foliage 
bud  which  will  develop  into  a  shoot, 
similar  to  that  shown  at  x  in  figure  4, 
upon  which  pistils  will  be  borne  ter- 
minally. J'rom  c  downward  in  this 
figure  is  wood  of  the  past  season's 
growth,  commonly  called  hardwood. 
From  c  upward  will  be  the  shoot 
produced  during  the  current  season, 
as  shown  in  figure  4.  It  is  more  suc- 
culent in  growth  than  that  shown 
below  c.  In  both  figures  4  and  5,  c 
marks  the  place  at  which  the  hard- 
wood of  last  season's  growth  ends 
and  the  softwood  of  the  present  sea- 
son begins,    d.  Leaf  scars. 
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Figure  6.— Staminate  inflorescence  of  the  walnut.  A,  Catkin  with  most  of  its  flowers  open  and  shedding 
pollen.  B,  Catkin  with  many  of  its  flowers  open,  but  only  those  at  the  base  and  extreme  apex  are 
shedding  pollen.  C,  Portion  of  axis  of  catkin  with  two  staminate  flowers  attached:  a,  Anthers;  6,  calyx; 
c,  axis.  T>,  Staminate  flower:  a,  Anthers;  b,  calyx.  In  C  and  D  note  the  cup-shaped  depressions  on 
the  back  of  the  calyx,  6.  Notice  that  the  position  of  the  flowers  in  the  pendent  catkin  are  such  that  in 
the  absence  of  wind  some  of  the  pollen  dropping  from  the  dehiscing  anthers  falls  into  the  depression  upon 
the  back  of  the  calyx  of  the  flower  underneath. 
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Table  1  shows  the  varieties  used,  the  number  of  pistils  pollinated 
the  total  number  of  matured  nuts,  and  the  percentage  of  nuts  matured. 
The  column  headed  Open  pollination  shows  the  results  when  the 
varieties  listed  were  pollinated  under  natural  conditions  by  the  wind. 
In  cases  involving  a  small  number  of  pollinated  pistils  the  results 
are  less  significant  than  when  a  large  number  were  pollinated,  but  the 
smaller  numbers  are  included  because  they  have  some  value.  The 
small  numbers  in  table  1  are  due  to  the  fact  that  in  many  instances 
heavy  discards  were  necessary,  owing  to  injury  brought  by  frost, 
rains,  sunburn,  aphids,  mites,  or  bacterial  blight.^ 

Table  1.- — Summary   of  results   of  self-pollination,    cross-pollination,    and   open 
pollination  of  Persian  walnut  varieties  in  California,  1920-1929 


Results  when  pollen  of  the  indicated  variety  or  species  was  applied 

Concord 

El  Monte 

Ehrhardt 

Eureka 

Variety  or  species  of  pistils 

1 

a 

1 

■^ 
S 

1 

ea 

a 

a 

1 

be 

a 

1 

"S   CO 

1 

"S 

a 

a 
Z 

1 

3 

i 

h 

a 

i 

1 

a 
Z 

1 

CO 

ra 

If 
a 

i 

1 

a 
Z 

Concord 

Num- 
ber 
2,661 

Num- 
ber 
1.380 

Pd. 

51.8 

Num- 
ber 
1,360 
3,040 
1400 
620 

Num- 
ber 
691 
553 
200 
51 

Pd. 

50.8 
18.2 
60.0 
8.2 

Num- 
ber 

Num- 
ber 

Pd. 

Num- 
ber 
370 
310 
17.840 
'260 
4.000 

'  1,100 
'410 
6,733 
1300 

Num- 
ber 
150 
120 
7,872 
110 
1,215 

317 

150 

2,492 

269 

Pd. 
40.5 

El  Monte — . 

38.7 

■460 

55 

11.9 

44.1 

Golden  Nugget 

44.0 

Franquette 

30.3 

San  Jose  (Wiltz  Mayette, 
San  Jose  Mayette) 

28.8 

XXX  Mayette 

36.6 

Payne 

3.099 
1  180 

716 
110 

23.1 
61.1 

2,880 
1480 
1  190 

1,524 

320 

10 

52.9 

66.6 

5.3 

43.5 

Placentia 

«275 

61 

22.2 

89  7 

Santa  Barbara 

Golden  Nugget 

Franquette 

Mayette  (Greno- 
ble) 

San  Jose 

Concord 

522 
810 

261 
166 

.50 
20.5 

503 

203 

40.3 

190 

50 

55.6 

El  Monte 

Eureka 

'70 

'54 

1.200 

440 

10 
44 
400 
289 

14.3 
81.5 
33.3 
66.7 

1210 

10 

4.8 

Golden  Nugget 

986 
'3,130 

322 
610 

32.7 
19.5 

Franquette 

14,024 

4,311 

30.7 

12,729 

3,745 

29.4 

Mayette  (Grenoble) 

San  Jose 

10,039 
100 

3,092 
61 

30.8 
61.0 

12.642 

4,389 

34.7 

XXX  Mayette 

PajTie 

11.040 

92 

8.8 

9,270 

3,370 

36.3 

11,660 

3,922 

33.6 

Kaghazi  (Persian) 

Placentia 

'444 

331 

74.5 

4.187 

1.498 

36.7 

XXX  Mayette 

Payne 

Kaghazi  (Persian) 

Placentia 

Concord 

741 

800 

'1,700 

834 

1.280 

'1,000 

261 
181 
799 
282 
320 
310 

35.2 
22.6 

33.8 
25.0 
31.0 

El  Monte 

Eureka      

Golden  Nugget 

Franquette 

1.220 

U.400 

iSQO 

664 
525 
180 

54.5 
37.5 
30.5 

San  Jose            

XXX  Mayette 

Payne -.. 

26.924 

7,311 

27.2 

4,660 

1,141 

26.1 

Kaghazi  (Persian) 

'670 
'280 

284 
221 

42.4 
78.9 

Placentia 

'2,320 
690 

800 
162 

34.5 
23.5 

15,316 
•839 

2.612 
61 

49.1 

Santa  Barbara 

7.3 

>  Pollinations  made  over  a  period  less  than  6  years;  other  pollinations  performed  for  5  years  or  longer. 
1  In  1  year  in  a  certain  locality  87  percent  of  the  nuts  formed  in  the  Payne  variety  were  injured  by  blight. 

182781'— 34 2 
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Table   1. — Summary   of   results    of  self-pollination,    cross-pollination,    and   open 
pollination  for  Persian  walnut  varieties  in  California,  1920-1929 — Con. 


Results  when  pollen  of  the  indicated  variety  or  species  was  applied 

Pride  of  Ventura 

Praeparturiens 

Santa  Rosa 

Santa  Barbara 

Variety  or  species  of  pistils 

1 

a 
1 

a 

3 

^ 

a 

1 

1 

i 

1 

1 

.2 

a 

1 

if 

1 

3 

1 
i 

.22 

1 

w  3 

a 

.2 
Oh 

B 

Num- 
ber 

Num- 
ber 

Pet. 

Num- 
ber 

Num- 
ber 

Pet. 

Num- 
ber 

Num- 
ber 

Pet. 

Num- 
ber 

380 
1  190 

1  3, 159 
1330 

Num- 
ber 
141 
11 
552 
270 

Pet. 
37  1 

El  Monte        - 

300 

120 

40 

5  8 

Payne 

1 2, 148 

441 

20.5 

17  5 

81  8 

Pride  of  Ventura 

1850 

80 

9.4 

] 

1 1, 180 

342 

28.9 

530 

110 

20  8 

Wasson 

Willson 

Hinds 

California  black 

12,530 
12,950 

981 
1,140 

38.8 
38.6 

Placentia                  

12,539 

740 

29.1 

•2,044 

760 

1890 

512 
200 
381 

25.0 
26.3 
42.8 

1230 

190 

82.6 

Santa  Barbara 

Willson                

Japanese 

Open  pollination 

Concord                                                                 -      -         -  - 

4,682 

1,871 

15,238 

1,171 

18,620 

636 

10, 105 

1,120 

114,690 

851 

73,  943 

1950 

1380 

14,920 

3,201 

8,952 

1,421 

870 
5,696 

280 
4,693 

139 
2,774 

250 
34,  168 

221 
19,830 

111 

50 

1,502 

800 

660 

30  4 

El  Monte         -  .--     -     -      ---  -  - -     -  ._...- 

46.5 

Eureka                                               --      --__         -_      - 

37.4 

finldpn  NiiB'B'et 

23.9 

25.2 

Mayette  (Qrenoble)                                                     ....... 

21.8 

27.4 

XXX  Mayette                                                   

22.3 

15,498 

2,586 

47.0 

29.8 

25.9 

Placentia                                                                             .  .  .  _ 

1400 

293 

73.3 

26.8 

11.7 

Praeparturiens                                                      -  - - -- 

13.2 

10.1 

Willson                                                 

24.9 

Hinds                                                                        -      -     -     -  --  - 

-  - 

7.4 

1  Pollinations  made  over  a  period  less  than  5  years;  other  pollinations  performed  for  5  years  or  longer. 

Table  2  shows  the  results  for  each  variety  when  pollinated  by  its 
own  pollen  (selfed),  when  pollinated  by  all  other  varieties  of  pollen, 
and  when  pollinated  by  wind  under  natural  conditions. 
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Table  2. — Sunimnry  of  results  of  self-pollirialion,  cross-pollination,  and  open 
pollination  in  sofne  common  varieties  of  Persian  walnut,  based  upon  the  average 
of  each  variety 


Variety  or  sf^cies 


Self-pollination 


Pi.stils 
pol- 
linated 


Nuts 
ma- 
tured 


Pi.stils 
matur- 
ing nuts 


Cross-pollination 


Pi.stils 
pol- 
linated 


Nuts 
ma- 
tured 


Pistils 
matur- 
ing nuts 


Open  pollination 


Pistils 
pol- 
linated 


Nuts 
ma- 
tured 


Pistils 
matur- 
ing nuts 


Concord 

EI  Monte 

Eureka 

Golden  Nugget 

Franquette.^ 

Mayette  (Grenoble). 

XXX  Mayette 

Payne 

Kaghazi  (Persian)... 

Placentia. 

Pride  of  Ventura 

Praeparturiens 

San  Jose 

Santa  Barbara 

Willson 

Hinds 


Number 

2.661 

3,040 

17,840 

98.S 

14,024 

440 

590 

26,924 

670 

5,315 

850 

1,180 

12,642 


NiLmbcr 
1,380 

553 
7.872 

322 
4.311 

289 

180 
7,311 

284 

2,612 

80 

342 
4,389 

110 

381 


Percent 

51.8 
18.2 
44.1 
32.7 
30.7 
65.7 

ms 

27.2 
42.4 
49.1 
9.4 
29.0 
34.7 
20.8 
42.8 


Number 
3,966 
2,410 
2,840 
1,758 
23,  559 


Number 
1.757 

598 
1,074 

487 
6,964 


Percent 
44.3 
24.8 
37.8 
27.7 
29.5 


610 
49,738 


211 
16,947 


41.4 
34.1 


16, 959 


7,478 


44.1 


16,069 
2,289 


5,225 
423 


32.6 
18.5 


Number 

4,682 

1,871 

15,238 

1,171 

18,620 

636 

1,120 

114,690 

851 

73,943 

960 

380 

10, 105 

14,920 

3,201 

8,952 


Number 

1,421 

870 

6, 696 

280 

4,693 

139 

260 

34,168 

221 

19,830 

111 

50 

2,774 

1.502 


Percent 
30.4 
46.5 
37.4 
23.9 
25.2 
21.8 
22.3 
29.8 
25.9 
26.8 
11.7 
13.2 
27.4 
10.1 
26.0 
7.4 


In  table  3  is  given  the  number  of  Payne  and  Placentia  pistils  pol- 
linated each  year  for  a  period  of  years  by  each  of  the  several  varieties 
of  pollen,  also  the  percentage  of  nuts  matured.  The  open  pollinations, 
pollinations  by  self,  and  the  average  of  all  hand  crosses  for  each  year  are 
also  shown  for  convenience  in  making  comparisons.  For  the  Payne 
variety  the  figures  are  given  for  each  of  the  6  years  1922  to  1927,  but 
on  account  of  heavy  bfight  during  1928  and  frost  injury  during  1929, 
figures  for  those  2  years  are  not  included.  For  the  Placentia,  polli- 
nations for  each  of  the  4  years  1925  to  1928  are  given. 

Table  3. — Summary  of  pollination  by  years  for  the  Payne  and  Placentia  varieties  of 

Persian  walnut 


Results  of  pollination 

Variety  or  species  of  pollen 
applied 

Year 

Payne 

Placentia 

PistUs 
polli- 
nated 

Pistils 

maturing 

nuts 

Nuts 
matured 

Pistils 
polli- 
nated 

Pistils 

maturing 

nuts 

Nut.'? 
matured 

1  1922 
1923 
1924 
1925 
1926 
1927 
1928 
1922 
192:i 
1924 
1925 
1926 
1927 

I  1928 
1928 

/  1922 
1923 
1924 
1925 
1926 
1927 
1928 

Number 
130 
640 
150 
920 
900 
359 

Number 
20 
140 
20 
180 
207 
149 

Percent 
15.4 
21.8 
13.3 
19.5 
23.0 
41.5 

Number 

Number 

Percent 

Concord 

180 

110 

61.1 

220 
550 
2,% 
1,020 
220 
620 

m 

340 
154 
400 
70 
510 

22.7 
61.8 
61.6 
39.2 
31.8 
82.3 

EI  Monte 

480 
275 

320 
61 

66.7 

Ehrhardt 

22.2 

793 

980 

410 

1,720 

1,280 

174 
190 
619 
90 
905 
634 

21.9 
34.6 
52.9 
21.9 
62.6 
49.5 

Eureka 

300 

269 

89.7 
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Table  3. — Summary  of  pollination  hy  years  for  the  Payne  and  Placentia  varieties  of 
Persian  walnut — Continued 


Results  of  pollination 

Variety  or  species  of  pollen 
applied 

Year 

Payne 

Placentia 

Pistils 
polli- 
nated 

Pistils 

maturing 

nuts 

Nuts 
matured 

Pistils 
polli- 
nated 

Pistils 

maturing 

nuts 

Nuts 
matured 

1    1922 

1     1923 

1     1924 

I     1925 

1922 

1923 

1924 

1925 

1926 

1927 

[    1928 

/    1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1928 

f     1925 

1926 

1     1927 

I     1928 

/    1926 

1    1927 

■    1922 

1923 

1924 

1925 

1926 

1927 

[     1928 

f    1922 

1925 

1926 

1927 

1928 

1926 

1927 

1928 

1927 

1    1928 

(     1926 

{     1927 

[    1928 

1928 

1924 

1925 

1926 

1927 

1928 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1922 

1923 

1924 

1925 

1926 

1927 

.     1928 

Number 

169 

171 

200 

500 

750 

1,080 

1,070 

1,690 

2,  110 

2,570 

Number 

11 

31 

16 

45 

270 

490 

480 

540 

630 

933 

Percent 
6.5 
18.1 
8.0 
9.0 
36.0 
45.3 
44.9 
31.9 
29.8 
36.3 

Number 

Number 

Percent 

Mayette  (Grenoble) . 

444 

331 

74.5 

1,000 
1,050 
2,780 
3,000 
2,400 
11,660 
2,700 
2,334 

260 
270 
517 
912 
363 
3,489 
819 
530 

26.0 
25.7 
18.5 
30.4 
15.1 
29.9 
30.3 
22.7 

920 
490 
910 
280 

1,890 
770 
790 

1,865 

340 
120 
340 

221 
683 
640 
617 
671 

36.9 
24.4 
37.4 

Kaghazi  (Persian) 

78.9 

Placentia 

350 
2.750 
1,450 

75 
734 
341 

21.4 
26.6 
23.5 

36.1 
83.1 

36.0 

1,070 
1,078 
430 
3,690 
1,260 
1,730 
2,950 
1,600 

210 
231 
100 
1,402 
390 
550 
909 
594 

19.6 
21.4 
23.3 
38.0 
30.9 
31.8 
30.8 
37.1 



San  Jose   (Wiltz   Mayette,  San 
Jose  Mayette) - 

996 
850 
381 
540 
1,420 

404 

310 

44 

290 

450 

40.5 
36.5 

53.7 
31.7 

1,110 
329 
940 
780 

200 
33 
149 
171 

18.0 
10.0 
15.8 
21.9 

Santa  Barbara 

330 

529 

1,570 

440 

1,044 

1,000 

1,130 

1,040 

780 

230 

270 
160 
420 
160 
272 
240 
590 
260 
290 
190 

81.8 

30.2 

Wasson                   .    

26.7 

36.3 

26.0 

24.0 

52.2 

Hinds     --  - 

25.0 

37.2 

California  black 

82.6 

358 
1,560 
1,800 
1,780 

168 
655 
901 

889 

46.9 
42.0 
50.0 
50.0 

400 

293 

73.3 

1,196 
6,080 
11,370 
7,677 
14,  180 
30,  010 
21,662 
22,515 

226 
1,347 
3,018 
1,783 
3,183 
10,  733 
7,080 
6,925 

18.8 
22.1 
26.5 
23.2 
22.4 
35.7 
32.7 
30.7 

42,  110 
1,633 
13,690 
12,600 
3,910 

12,126 
264 
2,790 
2,240 
2,410 

28.7 

16.1 
20.3 
17.7 
61.6 

3,602 
6,681 
4,268 
8,509 
14,460 
11,517 

826 
2,576 
2,325 
2,573 
4,716 
4,483 

22.9 
38.5 
54.5 
30.2 
32.6 
38.9 

All    except    self-pollination   and 
open  pollination 

850 
2,960 
4,684 
7,169 

310 

603 

1,362 

3,345 

36.5 
20.3 
29.1 
46.6 
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In  table  4  are  shown  the  pollinations  made  each  year  in  each  locality 
for  five  common  walnut  varieties  extensively  grown  in  California. 

Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year 

POLLEN  OF  CONCORD  VARIETY 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

• 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1922: 

Number 
130 

Percent 
15 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Modesto 

180 

11 

1923: 
Linden 

200 
140 
100 
200 

150 

25 
22 
19 
20 

13 

Oakdale 

Modesto    

San  Jose 

1924: 

Oakdale 

280 

12 

1925: 

150 
200 
200 
100 
70 
200 

640 
100 
60 
100 

100 
159 
100 

22 

20 
18 
22 
21 
17 

22 
24 
27 
26 

38 
44 
40 

Oakdale 

Modesto. 

Waterford 

Sacramento 

1926: 
Linden 



Oakdale 

Waterford 

San  Jose 

1927: 
Linden 

Oakdale. 

San  Jose 

1928: 

180 

61 

POLLEN  OF  EL  MONTE  VARIETY 


1922: 
Linden 

120 
100 

23 
21 

Oakdale 

Modesto    

80 
150 

50 

Sacramento 

61 

1923: 
Linden 

150 
100 
100 
100 
100 

50 
100 
100 

250 
100 
170 
200 
300 

220 

200 
200 
220 

62 
58 
64 
55 
69 

62 
65 
58 

60 
34 
44 
39 
22 

32 

82 
79 
86 

Oakdale 

170 

40 

Modesto 

Sacramento    

San  Jose 

1924: 
Linden 

Oakdale 

San  Jose 

1925: 
Linden...  

Oakdale 

Waterford.    . 

Sacramento 

San  Jose 

1926: 
Linden 

1927: 
Linden 

Oakdale       ..  .  . 

Modesto 

1928: 
Ventura 

480 

66 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

POLLEN  OF  EHRHARDT  VARIETY 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

PistOs 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1928: 

Number 

Percent 

Number 

275 

Percent 
22 

Number 

Percent 

Number 

Percent 

Number 

Percent 

POLLEN  OF  EUREKA  VARIETY 


1921: 

500 

24 

Modesto 

500 

35 

1922: 

240 
233 
160 
160 

200 
200 

8 
20 
36 
32 

38 
30 

500 

30 

500 

27 

Oakdale 

780 

51 

Modesto 

1923: 

1,000 

37 

500 

30 

Oakdale 

Sacramen  to 

1,000 

38 

150 

380 
200 

34 

50 
60 

1924: 
Linden 

1,000 

35 

100 

32 

Oakdale 

1,000 
3,000 

45 

Modesto 

40 

Waterford     

100 
100 
100 
100 

100 
200 

52 
55 
49 
53 

24 
22 

Sacramento 

3,180 

42 

Yuba  City 

1925: 

500 

25 

500 
1,000 

500 

600 
1,000 
1,000 

500 

25 

Oakdale 

27 

Modesto 

30 

Waterford 

110 

20 

500 

20 

35 

Sacramento 

30 

Yuba  City 

32 

33 

1926: 

670 
380 
300 
310 

200 
200 
200 
280 
200 

52 
55 
50 
54 

52 
46 
50 
57 
49 

Oakdale 

--- 

Waterford 

500 

46 

1927: 

Oakdale 

500 

72 

Modesto 

Waterford     .     .  . 

- 

1,000 

1,000 

280 

89 

Yuba  City 

77 

San  Jose 

52 

Chico 

200 

40 

1928: 
Ventura 

300 

90 

POLLEN  OF  FRANQUETTE  VARIETY 


1920: 

990 
620 

840 
1,460 

2,  520 
70 

330 
190 
570 
350 

27 
37 
19 
15 

28 
29 

33 
83 
54 
23 

1,040 

31 

Oakdale 

Modesto 

5(X) 
100 

500 
500 

500 
500 
100 

35 
30 

29 
34 

24 
20 
25 

1921: 
Linden 

1922: 
Linden 

Oakdale 

Modesto 

?an  Jose... 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  vollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

POLLEN  OF  FRANQUETTE  VARIETY— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1923: 
Linden 

Number 

PercerU 

Number 

PercerU 

Number 

Percent 

Number 
500 
499 
200 
100 
1,000 

Percent 
38 
40 
33 
45 
49 

Number 

Percent 

Oakdale     

Modesto 

Sacramento 

Yolo 

2,000 

484 
300 
250 
200 
500 
450 

100 
100 

35 

32 
33 
40 
40 
24 
31 

27 
23 

1924: 

150 

28 

Oakdale 

Waterford 

Ventura 

1925: 
Linden 

200 
300 
600 
300 
400 
500 
100 

23 
20 
18 
25 
21 
20 
25 

Oakdale 

Modesto 

Waterford 

500 
200 

21 
30 

Yuba  City 

San  Jose .- 

San  Fernando 

200 

100 
100 

34 

37 
30 

1926: 

100 

30 

Oakdale 

Sacramento 

200 
100 

27 
36 

1927: 
Waterford 

Yuba  City 

100 
100 

200 

65 
55 

60 

San  Jose           

100 
400 
100 

41 
30 
35 

1928: 
Yuba  City 

1929:            ^ 
Linden 

Waterford 

100 
100 

30 
33 

Yuba  City 

200 
260 

31 
38 

San  Jose 

POLLEN  OF  GOLDEN  NUGGET  VARIETY 


1922: 
Linden 

169 
171 
200 
500 

6 
12 

8 
9 

1923: 
Linden 

3,130 

19 

1924: 
Oakdale 

1925: 
San  Jose 

POLLEN  OF  MAYETTE  (GRENOBLE)  VARIETY 


1920: 
Linden 

200 

100 
110 

25 

30 
27 

1921: 
Linden 

San  Jose 

1922: 
Linden 

100 
200 
150 
300 

30 
42 
38 
36 

Oakdale 

Modesto 

140 

29 

70 

14 

San  Jose 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

POLLEN  OF  MAYETTE  (GRENOBLE)  VARIETY— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1923: 
Linden 

Number 
280 
300 
500 

Percent 

46 
48 
43 

Number 

Percent 

Number 
100 

Percent 
33 

Number 

Percent 

Number 

Percent 

Oakdale 

Yolo 

200 
100 

41 
29 

1924: 

300 
300 
170 
300 

130 
480 
200 
300 
200 
200 
180 

750 
430 
330 
400 
200 

1,000 
200 
200 
200 
200 
100 
70 
300 
300 

49 
52 
47 
40 

66 
26 
32 
30 
34 
27 
31 

36 
24 

29 
25 
30 

36 
35 
42 
37 
39 
30 
28 
39 
34 

Oakdale 

Waterford -.. 

San  Jose 

1925: 
Linden 

Oakdale 

100 

18 

Waterford 

Yuba  City 

San  Jose 

1926: 
Linden 

Oakdale 

Waterford 

Ventura 

1927: 

Oakdale 

Modesto 

Waterford 

Yuba  Citv 

50 

36 

San  Jose 

Chico 

1928: 

444 

75 

Yuba  City 

100 

71 

POLLEN  OF  XXX  MAYETTE  VARIETY 


1922: 

500 

26 

Oakdale 

iio 

27 

1923: 

500 

55 

Oakdale 

400 

100 

100 
100 

105 
305 

58 

35 

30 
35 

72 
74 

1924: 
Linden 

1925: 
Oakdale 

400 

30 

Waterford 

1927: 
Modesto 

Waterford 

POLLEN  OF  PAYNE  VARIETY 


1920: 
Linden 

500 
500 

350 
200 
500 

28 
24 

14 
33 
31 

San  Jose 

1921: 

100 

30 

Oakdale 

San  Jose-- 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

POLLEN  OF  PAYNE  VARIETY— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne     . 

Placentia           Franquette 

San  Jose 

Eureka 

Pistils 
{polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
iwlli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1922: 

Numl)er 
1.240 
1.0«0 

Percent 
18 
19 

Number 

Percent 

Number 
100 
100 

Percent 
2fl 
25 

Number 
500 

Percent 
23 

N^umber 

Percent 

Oakdale 

Modesto 

90 

22 

IflO 
300 

500 
300 
100 
1,000 
100 
500 
500 

12 
23 

31 
30 
30 
34 
27 
26 
28 

200 

27 

Chico 

1923: 
Linden 

100 
100 

30 
32 

600 

39 

610 

51 

Oakdale 

Modesto 

Waterford 

Sacramento 

1,000 

47 

San  Jose 

King  Citv 

Yolo  -     " 

100 

27 

1924: 
Linden... 

1.000 
300 
500 
100 
500 

4.310 

720 

1.830 

1,000 

1,000 

300 

800 

1,700 

1.000 
450 
100 
750 
400 

730 
200 
300 
200 
300 
200 
300 
10* 

li 

17 
22 

14 

32 
56 
26 
23 
30 
25 
23 
28 

29 
34 
34 
28 
33 

31 
26 
30 
35 
32 
24 
29 
31 

Oakdale 

Waterford 

Ventura 

San  Jose 

1925: 

100 
100 
100 

19 
15 
23 

Oakdale 

Waterford.. 

Sacramento  . 

Yuba  City 

Ventura 

San  Jose     .  - 

King  City... 

1926: 
Linden 

Oakdale 

Ventura .  . 

920 

37 

San  Jose 

Kine  City 

1927: 
Linden 

Oakdale 

Modesto 

Waterford 

Yuba  City 

80 

25 

Ventura 

490 

24 

San  Jose 

Chico 

1928: 
Yuba  City 

100 

20 

Ventura    .    ... 

910 

37 

P( 

)LLEN 

OF  KAGHAZI  (PERSIAN)  VARIETY 

1928: 
Ventura. 

280 

79 

1 

POLLEN  OF  PLACENTIA  VARIETY 

1926: 
Linden 

360 

21 

Ventura  ..      .  .  . 

1,400 
490 

40 
25 

Santa  Paula 

1926: 
Linden  

1.700 
1.060 

24 
31 

Waterford 

Ventura 

770 

83 

182781"— 34 3 
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Table  4, — Number  and  variehj  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  location  during  each 
year — Continued 

POLLEN  OF  PLACENTIA  VARIETY— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1927: 
Linden-.-  .--  -     . 

Number 
1,450 

Percent 
23 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Ventura 

790 
1,865 

78 
36 

1928: 
Ventura 

1 

POLLEN  OF  PRAEPARTURIENS  VARIETY 


1926: 
Linden 

1,070 
1,078 

20 
21 

1927: 

POLLEN  OF  SAN  JOSE  VARIETY 


1920: 
Linden 

870 
500 
500 

21 
30 
34 

1,960 

24 

Oakdale 

280 
640 
520 

540 

36 
31 
12 

16 

Waterford 

489 

280 
170 

400 
200 
100 

26 

12 
41 

31 
25 
21 

1921: 
T.in<ipn 



Oakdale 

1922: 

680 
350 
170 

41 
60 
36 

Oakdale 

140 
70 

15 

10 

430 
190 

23 
53 

600 

500 
360 
100 
500 

23 

31 
36 
35 
37 

1923: 

1,000 
500 
100 

52 
50 
56 

Oakdale 

A/Tnrlpstf) 

500 
1,000 
1,000 
1,000 

38 
35 
31 

45 

Sacramento 

200 
502 

35 
40 

110 
400 

200 
100 
200 
100 

30 
36 

34 
37 

24 
26 

Yolo 

1924: 

500 

33 

Oakdale 

Waterford 

700 
210 
350 

32 
30 
26 

996 

40 

Snn  Ffprnandn 

400 
800 

33 
23 

1925: 
T.indpn 

440 

51 

300 
500 
100 
200 
300 
100 

30 
35 
41 
36 
30 
20 

Oakdale 

40 

35 

Waterford 

400 

21 

Sacramento 

Yuba  City 

260 

33 

Ventura 

500 
500 

15 
31 

850 

36 

100 
600 

100 
100 

20 
19 

26 
21 

500 

32 

1926: 

830 

1,260 

430 

36 
30 
31 

600 

33 

Oakdale 

Waterford 

Ventura 

381 

12 

San  Jose 

430 

23 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and 
percentage  of  nuts  matured  for  each  method  of  pollination  for  each  locality  during 
each  year — Continued 


POLLEN  OF  SAN  JOSE  VARIETY— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  locality 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

PLstils 
polli- 
nated 

Nuts 
ma- 
tured 

1927: 
Lijiden 

NuTnb€r 

Percent 

Number 

Percent 

Number 

Percent 

Number 
300 

Percevt 
40 

Number 

Percent 

Oak  dale 

40)0 
500 
440 

27 
29 
49 

Waterford 

100 

48 

Yuba  City 

500 

44 

540 

43 

San  Jose 

200 

56 

350 
300 

42 
26 

1,000 
300 

49 
21 

1928: 
Yuba  City 

Ventura 

1,420 

28 

1929: 

500 

1,000 

500 

500 

45 
35 
30 
32 

200 

52 

Waterford 

Yuba  City 

100 
200 

34 
40 

San  Jose 

POLLEN  OF  SANTA  BARBARA  VARIETY 


1922: 

Linden. - 

San  Jose. 
1925: 

Linden.. 
1926: 

Linden.. 

Oakdale. 

San  Jose. 
1927: 

Linden.. 
1928: 

Ventura. 


170 
940 

329 

510 

400 

30 

780 


330 


82 


POLLEN  OF  WASSON  VARIETY 


1926: 

Ventura. 
1927: 

Ventura. 
1928: 

Ventura. 


529 

1,570 

440 


POLLEN  OF  WILLSON  VARIETY 


1925: 

Ventura.. 
1928: 

Ventura.. 


1,(M4 

1.000 


POLLEN  OF  HINDS  WALNUT 


1921: 

Linden.. 
1922: 

Linden.. 
1924: 

Linden.. 
1926: 

Ventura. 
1927: 

Ventura. 
1928: 

Ventura. 


1,130 

1,040 

780 


52 


37 


1,070 

460 

1,000 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

PQLLEN  OF  CALIFORNIA  BLACK  WALNUT 


Year  and  locality 


1928: 
Ventura. 


Results  when  used  to  pollinate  indicated  varieties 


Payne 


Pistils 
polli- 
nated 


Number 


Nuts 
ma- 
tured 


Percent 


Placentia 


Pistils 
polli- 
nated 


Number 
230 


Nuts 
ma- 
tured 


Percent 

82 


Franquette 


Pistils 
polli- 
nated 


Number 


Nuts 
ma- 
tured 


Percent 


San  Jose 


Pistils 
polli- 
nated 


Number 


Nuts 
ma- 
tured 


Percent 


Eureka 


Pistils 
polli- 
nated 


Number 


Nuts 
ma- 
tured 


Percent 


POLLEN  OF  JAPANESE  WALNUT 


1924: 

Linden. 
1925: 

Linden. 
1926: 

Linden. 
1927: 

Linden. 


Ventura - 


358 
1,560 
1,800 
1,780 


400 


OPEN  POLLINATION 


1920: 

500 

16 

180 
500 
100 
300 

470 

280 

11 
19 
20 
22 

15 
36 

920 

32 

Oakdale   .         -  - 

!M  odes  to 

696 

1,180 
400 

21 

12 
20 

100 
200 

29 
25 

1921: 

Oakdale           

Modesto 

800 

52 

3,000 
1,500 

2,  250 
2,580 
1,640 
500 
3,300 
1,100 

1,000 
1,000 
1,800 
1,000 

881 
1,000 

996 

23 
29 

20 
26 
25 
29 
24 
20 

20 
16 
25 
31 
30 
27 
13 

San  Jose 

300 

470 
570 
280 

20 

15 
45 
36 

■"'"500" 

420 
940 
300 

27 

28 
17 
57 

1922: 

Oakdale 

1,061 

360 

1,970 

15 

Modesto 

11 

18 

San  Jose 

750 

22 

Chico              

1923: 
Linden 

1,000 
500 
500 

1,000 

25 
29 
27 
24 

500 
500 
200 

30 
25 
35 

500 

65 

Oakdale 

Modesto 

Waterford 

Sacramento 

250 
200 

32 
30 

1,000 

45 

San  Jose 

200 

40 

King  City 

Yolo 

1,000 

100 
100 
100 
100 

6 

31 
29 
33 
25 

1924: 
Linden 

1,000 
1,000 
500 
1,880 
2,000 
1,800 
1,200 
4,800 

20 
17 
23 
15 
26 
18 
19 
28 

300 

27 

Oakdale 

500 
500 

40 

Modesto 

30 

Waterford 

10,000 

29 

457 

35 

Yuba  City 

Ventura 

10,000 
20,000 

33 
27 

100 

10 

San  Jose 

100 

14 

Kine  Citv 

2,110 

23 

^^Kinguity 

Linden 

13,  010 
2,000 
1,000 
4,500 
1,500 
1,500 
500 
2,000 

37 
36 
40 
41 
37 
36 
20 
34 

100 
320 

29 
20 

500 
500 
100 
100 
500 

22 
24 
20 
16 
20 

500 

1,940 

200 

20 

Oakdale 

19 

Modesto 

18 

Waterford 

500 
500 

26 
34 

Sacramento 

Yuba  City 

500 

25 

1,633 

16 

500 
600 
500 

22 
25 
15 

San  Jose 

350 

25 

San  Fernando 

King  City.- 

4,000 

32 
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Table  4. — Number  and  variety  of  pistils  pollinated,  kinds  of  pollen  used,  and  per- 
centage of  nuts  matured  for  each  method  of  pollination  for  each  locality  during  each 
year — Continued 

OPEN  POLLINATION— Continued 


Results  when  used  to  pollinate  indicated  varieties 

Year  and  kxaUty 

Payne 

Placentia 

Franquette 

San  Jose 

Eureka 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 

ma- 
tured 

Pistils 
iwlli- 
nated 

Nuts 
ma- 
tured 

Pistils 
polli- 
nated 

Nuts 
ma- 
tured 

1926: 

Number 
1.446 
2.500 
2.216 

Percent 
30 
37 
35 

Number 

Percent 

Number 
600 
200 

Percent 
42 
36 

Number 
200 

Percent 
20 

Number 

Percent 

Oakdale 

Waterford 

240 

22 

Yuba  City- 

Ventura 

5,000 
2,000 
3,500 
5,000 

1,365 

4,050 

500 

5,000 

5,000 

4,000 

500 

100 

1,000 

1,000 

38 
33 
31 
26 

17 
35 
25 
30 
35 
31 
25 
26 
18 
33 

13.690 

20 

500 

37 

King  City... 

1927: 

100 

27 

Oakdale 

1,000 

60 

Waterford 

600 

34 

100 

29 

1,000 

56 

Sacramento 

Yuba  City 

Ventura 

600 

28 

1,000 

61 

12.600 

18 

Santa  Paula 

San  Jose. 

1,000 

26 

400 

32 

1,450 

66 

Chico 

1928: 
Yuba  City    . 

1,000 

17 

500 

20 

Ventura 

3,910 

62 

1929: 
Linden 

1,000 

1,000 

500 

500 

29 
31 
19 
30 

200 

27 

Waterford 



Yuba  City 

500 
485 

25 
23 

San  Jose..        .  .. 

1 

Some  of  the  nuts  matured  from  various  crosses  were  cracked  and 
examined .  Table  5  shows  the  percentage  of  good  and  of  defective 
Quts  obtained  in  each  case. 

Table  b.— Comparison  of  proportion  of  good  and  defective  nuts  following  self- 
pollination,  cross-pollination,  and  open  pollination  of  certain  walnut  varieties 


Year 

Variety  and  pollination 

Nuts  ex- 
amined 

Good  nuts 

Defective  nuts 

FranquetteXself 

Number 
66 
18 
12 
41 
32 
30 
20 
18 
60 
49 
50 

100 
23 
24 
60 
80 
10 
58 

134 
36 

Number 
66 
18 
12 
33 
32 
28 
20 
18 
40 
49 
50 

100 
23 
24 
50 
80 
10 
58 

122 
36 

Percent 
100 
100 
100 

80.5 
100 

93.4 
100 
100 

66.7 
100 
100 
100 
100 
100 
100 
100 
100 
100 

91.1 
100 

Number 
0 
0 
0 
8 
0 
2 
0 
0 

20 
0 
0 
0 
0 
0 
0 
0 
0 
0 

12 
0 

Percent 
0 

1920 

Franquette X  San  Jose.  .    . 

0 

Franquette  Xopen  pollination 

0 

San  JoseXself 

19  5 

1920 

San  JoseXFranquette. 

0 

San  JoseXopen  {)ollination 

6  6 

1921 

/FranquetteXself 

0 

Franquette X San  Jose. .    - 

0 

/San  JoseXself.   . 

33  3 

San  JoseXlIinds 

0 

1921 

/PayneXself 

0 

\  Payne  Xopen  pollination    . 

0 

PayneXself 

0 

PayneXConcord 

0 

1922 

PayneX  El  Monte 

0 

PayneXEureka 

0 

PayneXdolden  Nugget 

0 

Payne  Xoi)en  iM)llination  .. 

0 

/EurekaXself 

8  9 

\EurekaXopen  pollination 

0 
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Table  5.— Comparison  of  proportion  of  good  and  defective  nuts  following  self' 
pollination,  cross-pollination,  and  open  pollination  of  certain  walnut  varieties — 
Continued 


Year 


1925 


1925 


1925 


1926 


1927 
1928 


Variety  and  pollination 


Nuts  ex- 
amined 


Good  nuts 


Defective  nuts 


PayneXself 

Pavne  X  (^  oncord 

PayneXEl  Monte 

Payne  X  Eureka 

PayneXMayette  (Early  Blooming). 

Payne X San  Jose 

Payne  XPlacentia 

Payne  X  Praeparturiens 

^  Payne  X  open  pollination 

PlacentiaXself 

PlacentiaX  Payne 

Placentia  X  San  Jose 

PlacentiaX  Wasson 

Placentia  XWlUson 

Placentia Xopen  pollination 

Santa  BarbaraXself 

Santa  BarbaraX Payne 

Santa  Barbara  X  Placentia 

Santa  BarbaraX Willson 

Santa  Barbara  Xopen  pollination 

PayneXself 

PayneX  Concord . 

PayneX  Eureka 

PayneXMayette  (Early  Blooming). 

PayneXSan  Jose 

PayneX  Placentia 

PayneX  Praeparturiens 

FayneX  Jugians  sieboldiana 

.Payne X open  pollination 

PayneXself 

PayneXSan  Jose 

PayneXSanta  Barbara 

Payne  Xopen  pollination 

iPayneXself 

(.PayneXSanta  Barbara 


Nu  mber 

770 

140 

134 

19 

220 

48 

41 

21 

470 


75 

16 

26 

240 

40 

20 

30 

40 

66 

120 

145 

135 

490 

100 

41 

21 

90 

1,167 

176 

54 

20 

268 

500 

300 


N'umber 
540 
140 
134 
19 
200 


21 
353 


63 
12 
26 
240 
38 
20 
30 
36 


145 

135 

490 

100 

41 

21 

90 

1,104 

140 

33 

13 

220 

375 

200 


Percent 

70.1 
100 
100 
100 

90.9 

81.2 

92.7 
100 

75.1 

97 

82.6 

84 

75 
100 
100 

95 
100 
100 

90 
100 

80 
100 
100 
100 
100 
100 
100 
100 

94.6 

79.5 

61.1 

65 

82 

75 

66.7 


N'umber 

230 

0 

0 

0 

20 
9 
3 
0 
117 
2 
8 

12 
4 
0 
0 
2 
0 
0 
4 
0 

24 
0 
0 
0 
0 
0 
0 
0 

63 

36 

21 
7 

48 
125 
100 


Percent 
29.9 

0 

0 

0 

9.1 
18.8 

7.3 

0 
24.9 

3 

17.4 
16 
25 

0 

0 

6 

0 

0 
10 

0 
20 

0 

0 

0 

0 

0 

0 

0 

5.4 
20.5 
38.9 
35 
19 
25 
33.3 


RESULTS  OF  SELF-POLLINATION  AND  CROSS-POLLINATION 

An  examination  of  tables  1,  2,  and  4  shows  that  in  all  varieties  of 
Persian  walnut  upon  which  experiments  have  been  conducted  there 
is  no  case  of  self-sterility  or  intersterility.  Each  variety  was  found  to 
be  markedly  self -fertile,  and  all  the  varieties  crossed  were  in  terfer  tile. 
Furthermore,  all  the  varieties  that  were  pollinated  by  any  of  three 
other  species — the  Hinds  walnut,  the  California  black,  and  the 
Japanese  walnut — matured  nuts. 

A  comparison  of  the  results  of  open  pollination,  in  the  commercial 
orchards  in  which  the  tests  were  made,  with  the  sellings  and  crosses 
suggests  that  any  of  the  combinations  will  give  a  sufficient  set  of  nuts 
to  produce  normal  commercial  crops  if  other  conditions  are  favorable. 
So  far  as  adequate  tests  have  been  made,  it  must  be  concluded  that 
the  grower,  whether  he  is  depending  upon  self-pollination  or  cross- 
pollination,  cannot  ascribe  crop  failure  to  lack  of  natural  compatibility 
between  pistil  and  pollen.^ 

On  the  other  hand,  it  may  well  be  that  certain  combinations  are 
especially  favorable  to  crop  production.  Thus  the  Payne  pollinated 
by  El  Monte  and  by  Eureka  and  the  Placentia  when  selfed,  gave  high 
percentages  of  set.  A  study  of  tables  1  and  4  wdll  disclose  other 
examples.    Table  3  shows  that  the  Payne  and  Placentia  are  reason- 

*  In  many  cases  where  the  percentage  of  set  in  table  1  is  very  low,  as,  for  example,  in  the  Santa  Barbara 
pistils  pollinated  by  El  Monte  pollen,  it  will  be  noted  that  the  number  of  pollinations  Involved  is  too  small 
to  be  conclusive. 


THE   PERSIAN    WALNUT   IN   CALIFORNIA  23 

ably  consistent  in  this  from  year  to  year,  although  in  some  years  the 
set  is  low.  The  Payne  gave  heavier  crops  each  year  with  Eureka,  El 
Monte,  Placentia,  and  Japanese  walnut  pollens  than  with  the  Golden 
Nugget,  Praeparturiens,  or  Santa  Barbara  pollens.  The  Placentia 
when  selfed  gave  a  relatively  high  set  for  each  of  four  years.  It 
appears  that  some  varieties  of  pollen  tend  to  give  a  better  set  than 
others  upon  all  varieties  of  pistils,  mth  perhaps  an  occasional  excep- 
tion. A  high  set  generally  results  from  the  application  of  Eureka, 
Mayette,  and  San  Jose  pollens.  (See  tables  1  and  4.)  In  the  same 
manner  some  pollens,  such  as  those  of  Golden  Nugget  and  Santa 
Barbara,  usually  give  a  light  set.  Table  1  suggests  also  that  the  pistils 
of  certain  varieties  tend  to  set  nuts  better  than  others. 

Concord  and  Placentia  pistils  pollinated  by  almost  any  variety  of 
pollen  gave  a  high  percentage  of  set.  This  may  be  one  reason  why 
these  varieties  have  been  considered  in  general  to  be  good  bearers. 
The  Payne  does  not  as  a  rule  set  as  high  percentages  as  the  Placentia, 
but  examination  of  the  trees  shows  such  a  large  number  of  pistillate 
flowers,  even  on  young  trees,  that  the  crop  may  be  heavy  when  the 
percentage  of  set  is  relatively  low.  So  far  as  experiments  have  shown 
the  Santa  Barbara  pistils  have  given  low  percentages  of  set  w4th 
pollen  of  most  varieties.^ 

Through  further  experimentation  it  may  be  possible  to  find  combi- 
nations of  pistils  and  pollens  that  will  greatly  increase  commercial 
yields,  although,  as  will  be  seen  later,  other  factors  besides  degree  of 
compatibility  will  have  to  be  taken  into  account  in  the  interplanting 
of  varieties. 

It  is  a  matter  of  importance  to  growers  to  know  whether,  in  general, 
cross-pollination  is  more  effective  than  self-poUination.  Table  1 
shows  no  regidarity  in  the  results  of  selfings  as  compared  with  crosses. 
The  Concord  when  selfed  gave  a  high  percentage  of  set  (51.8  percent), 
but  El  Monte  gave  a  low  set  (18.2  percent).  The  other  varieties  show 
all  gradations  between  these  two.  The  very  low  set  of  Pride  of 
Ventura  (9.4  percent)  and  the  very  high  set  of  Mayette  (65.7  percent) 
must  be  questioned,  because  the  number  of  pollinations  was  small  and 
in  each  case  the  experiment  was  conducted  for  one  year  only.  A 
high  set  is,  however,  more  valuable  as  an  indication  of  the  degree  of 
compatibility  of  pistil  and  pollen  than  a  low  set,  because  when  the 
set  is  low  many  factors  besides  pollination  may  have  affected  the 
results  by  causing  the  nuts  to  drop  or  to  fail  to  develop.  If  in  general 
the  cross-pollinations  resulted  in  a  larger  set  of  nuts  than  the  self- 
ings, it  woidd  seem  that  the  fact  would  become  apparent  from  the 
data  in  table  2,  but  there  it  is  seen  that  in  some  cases  the  crosses  and 
in  others  the  selfings  gave  the  better  set,  while  the  two  for  the  most 
part  ran  close  enough  together  to  make  the  practical  residts  about 
the  same.  The  data  in  table  5  suggest  that  the  percentage  of  defective 
nuts  may  be  higher  in  the  selfings  than  in  the  crosses.  There  are 
striking  exceptions,  and  further  experimentation  is  necessary  before 
conclusions  can  be  drawn. 

It  will  be  noticed  that  most  varieties  when  selfed  gave  sets  that 
compare  favorably  with  the  crosses  and  would  undoubtedly  give  a 
commercial  crop  under  conditions  favorable  to  pollination  and  crop 
production. 

»  Because  the  Santa  Barbara  group  includes  many  types  of  trees,  pollen  for  selfing  was  taken  from  the 
same  tree. 
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There  is  no  doubt  that  some  seasons  are  more  favorable  to  crop 
production  than  others.  Thus  the  set  of  Payne  in  1927  (table  3) 
poUinated  by  nine  varieties  was  in  all  but  one  case  higher  than  the 
set  of  Payne  by  the  same  pollens  in  1925.  It  will  be  noted,  however, 
that  the  open  pollinations  show  the  opposite  results.  Tliis  was  due 
to  the  fact  that  conditions  in  1925  were  somewhat  more  favorable 
for  natural  pollination  than  in  1927. 

Table  4  gives  some  opportunity  to  compare  the  behavior  of  varie- 
ties in  various  localities  and  seasons.  It  is  necessarily  incomplete, 
since  all  the  varieties  are  not  grown  in  each  district  and  could  not  be 
reached  in  every  season.  Table  4  shows  that  the  varieties  and  species 
tested  were  interfertile  and  self-fertile  in  all  districts  and  seasons  and 
that  no  case  of  incompatibility  was  recorded.  This  table  will  be 
found  convenient  for  growers  who  wish  to  study  the  behavior  of 
varieties  in  their  own  localities. 

In  drawing  conclusions  from  the  tables  it  must  be  remembered 
that  pollination  is  only  one  of  the  factors  affecting  the  setting  and 
development  of  walnuts.  Whenever  the  effects  of  frost,  blight,  or 
insects  were  known  to  interfere,  the  results  were  thrown  out;  but 
such  factors  as  these,  operating  in  lesser  degree,  undoubtedly  caused 
the  results  to  vary  somewhat  from  year  to  year.  The  age  of  the  tree 
and  the  amount  of  moisture  in  the  soil  no  doubt  affect  the  results, 
as  do  fogs,  rains,  winds,  heat,  and  cold,  during  the  blooming  period. 
The  viability  of  the  pollen  and  the  condition  of  the  pistil  when  polli- 
nated are  also  factors  (p.  42).  A  parthenogenetic  set  found  to 
occur  at  times  under  conditions  not  fully  analyzed  as  yet  (p.  49)  may 
affect  the  results  slightly.  For  all  these  reasons  the  tables  must  be 
interpreted  rather  loosely  and  the  results  regarded  as  indicative 
rather  than  conclusive.  The  larger  the  number  of  pollinations, 
localities,  and  seasons,  the  more  dependable  the  results.  It  can  be 
said  with  certainty,  however,  that  all  varieties  tested  are  both  self- 
fertile  and  interfertile,  and  that  failure  of  the  nuts  to  set  or  mature 
is  not  due  to  incompatibility  of  pistil  and  pollen,  but  results  from  other 
causes. 

DICHOGAMY 

BLOOMING  HABIT  WITH  RELATION  TO  DICHOGAMY 

Although  artificial  polHnation  has  established  the  fact  that  the 
varieties  of  Persian  walnut  usually  grown  in  California  are  self-fertile 
and  interfertile,  it  is  obvious  that  if  a  variety  is  to  pollinate  itself  the 
catkins  must  produce  pollen  at  the  time  the  pistils  are  receptive. 
Likewise,  for  interpollination  the  staminate  bloom  of  one  variety 
must  produce  pollen  at  the  time  the  pistillate  bloom  of  the  other 
variety  is  ready  to  receive  it.  In  artificial  pollination  under  favorable 
conditions  the  pollen  may  be  carried  long  distances,  but  in  the  orchard 
pollen  and  pistil  must  be  ready  in  the  same  place  at  the  same  time. 
When  there  is  no  overlapping  of  the  periods  of  maturity  of  pistil  and 
poUen,  the  plant  (or  variety)  is  said  to  be  dichogamous  and  cannot 
poUinate  itself,  no  matter  how  compatible  pistil  and  pollen  might 
otherwise  be.  When  dichogamy  is  not  quite  complete,  the  over- 
lapping may  still  be  so  slight  as  to  give  little  opportunity  for  pollina- 
tion to  occur.  The  form  of  dichogamy  in  which  the  pistils  precede 
the  stamens  in  development  is  called  protogyny.     That  form  of  dichog- 
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amy  in  which  the  development  of  the  stamens  precedes  that  of  the 
pistils  is  known  as  protandry. 

It  has  long  been  known  that  many  monoecious  plants  are  dichoga- 
moiis.  Dichogamy,  as  existing  in  the  family  of  plants  to  which  the 
walnut  l)elongs  (Juj^landaceae),  was  probably  first  mentioned  by 
Delpino  (5).  According  to  Kerner  (7,  1895  ed.)  all  monoecious  plants, 
especially  alders,  birches,  walnuts,  planes,  elms,  oaks,  hazels,  and 
beeches,  are  markedly  protogynous.  On  the  other  hand,  in  a  paper 
read  before  the  California  State  Horticultural  Society  in  1883  Jessup® 
called  attention  to  the  protandrous  character  of  certain  Persian  wal- 
nut trees  he  had  observed  during  1878,  1879,  and  1880.  Lelong 
{9,  p.  9)  wrote  of  protandry  in  the  walnut  as  follows: 

The  male  flowers,  or  staminate  catkins,  are  the  first  to  appear,  and  come  out 
generally  together  with  the  first  growth  of  the  tree,  although  in  many  instances 
they  appear  Ijefore  the  trees  put  forth,  but  about  the  time  they  begin  to  show 
signs  of  growth.  The  female  blossoms,  or  pistillates,  appear  much  later,  from 
one  to  three  weeks  intervening. 

Allen  {2,  p.  21)  wrote  that  among  the  faults  of  the  English  walnut  is 
the  "irregular  and  unequal  blooming  habit  of  its  pistillate  and 
staminate  blossoms,  and  the  consequent  failure  of  the  former  to  be 
fertilized  and  to  develop  nuts;  *  *  *."  He  informs  us  further 
that  pistillate  and  staminate  flowers  mature  at  the  same  time  in  the 
best  varieties,  insuring  fertilization  and  productivity.  Lake  {8,  p. 
76-78)  made  the  following  statements  in  regard  to  pollination: 

Before  deciding  what  varieties  to  plant,  ample  pollination  must  be  assured,  as 
otherwise  generous  crops  cannot  be  produced.  *  *  *  Not  infrequently  these 
two  kinds  of  blossoms  (staminate  and  pistillate)  do  not  mature  at  the  same  time 
upon  the  same  tree,  or  one  or  the  other  of  them  is  infertile  because  of  imperfect 
development.  *  *  *  In  some  instances  of  shy  bearing  it  may  be  desirable  to 
introduce  a  variety  rich  in  pollen,  regardless  of  the  character  of  its  nuts,  in  order 
to  amply  fertilize  the  blossoms  of  the  more  valuable  varieties.  *  *  *  Until 
ample  investigation  has  been  made  it  is  safe  to  plant  onl}^  varieties  of  known  value 
as  pollinizers,  leaving  the  work  of  testing  varieties  not  so  well  known  to  the  State 
or  Nation,  except  as  the  enthusiastic  amateur  finds  it  advantageous  to  make  trials 
of  promising  new  varieties. 

Thus  it  will  be  seen  that  such  observations  and  comments  as  have 
been  made  are  general  in  nature  and  appear  contradictory  as  to  the 
type  of  dichogamy.  There  has  been  no  compilation  of  data  to  show 
which  varieties,  if  any,  are  subject  to  complete  dichogamy  or  to  in- 
complete dichogamy  sufficient  in  degree  to  prevent  a  commercial  set 
of  nuts,  or  to  determine  the  extent  to  which  protogyny  or  protandry 
occur,  or  to  establish  a  basis  for  the  selection  of  varieties  to  be  inter- 
planted  for  pollination  purposes.  If  any  varieties  are  dichogamous  to 
any  considerable  extent,  obviously  they  should  not  be  planted  in  solid 
blocks,  but  should  be  interplanted  with  other  varieties  in  such 
arrangements  as  will  best  provide  for  cross-pollination.  Accordingly, 
a  study  has  been  made  of  the  blooming  habits  of  17  varieties  of 
Persian  walnut,  with  special  reference  to  dichogamy.  Observations 
were  made  for  each  variety  in  as  many  districts  and  seasons  as  practi- 
cable over  a  period  of  10  years  (1920  to  1929)  and  over  a  geographical 
area  possessing  the  main  types  of  California  climate  in  which  walnuts 
are  grown.     The  results  of  these  observations  and  studies*  are  pre- 

•  Jmsup,  W.W.    Paper  read  before  the  CaUfornia  State  Horticultural  Society,  Apr.  27, 1883. 
182781*-34 4 
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sen  ted  graphically  in  figures  7  and  8.  The  lines  do  not  indicate  the 
behavior  of  a  single  tree  or  orchard,  but  represent  the  average  of  all 
the  orchards  of  the  given  variety  that  could  be  visited  in  the  locality 
named.  About  200  averages  of  dichogamy  records  for  various 
districts  were  made,  exclusive  of  those  taken  in  years  when  frost  or 
rain  made  the  studies  incomplete  by  destroying  pistils  or  staminate 
catkins. 

In  general  it  was  found  that  none  of  the  varieties  was  completely 
dichogamous  at  all  times  and  under  all  circumstances,  but  all  except 
four  (in  which  the  total  number  of  records  do  not  exceed  five  in  any 
case  and  for  which,  therefore,  the  evidence  cannot  be  taken  as  con- 
clusive) were  either  completely  or  practically  dichogamous  in  some 
seasons  and  places.  Thirtj^-four  records  out  of  200  show  that  self  polli- 
nation would  have  been  impossible  with  any  given  variety.  The  dotted 
areas  between  the  lines  indicate  the  presence  of  a  few  scattered  pistils 
(or  staminate  catkins)  in  maturity  and  are  given  as  a  matter  of 
botanical  rather  than  of  practical  interest.  In  several  cases  the  last 
of  the  catkins  ceased  to  shed  pollen  as  many  as  five  days  before  the 
first  of  the  pistils  was  receptive,  e.g..  Eureka  at  Santa  Susana  in  1929 
and  Franquette  at  Waterford  in  1929. 

Furthermore,  there  are  7  records  showing  effective  overlap  during 
1  day  only,  14  showing  an  overlap  of  2  days  only,  and  17  an  overlap  of 
3  days  only.  An  overlap  of  only  1  day  means  little  in  a  practical  w^ay, 
but  any  appreciable  number  of  receptive  stigmas  (or  of  catkins 
shedding  pollen  when  the  variety  was  protogynous  in  tendency)  was 
considered  of  sufficient  botanical  importance  to  be  recorded.  A 
2-day  or  3-day  overlap  is  more  important,  but  hardly  allows  time  for 
the  pistils  to  become  receptive  in  large  numbers  before  the  pollen  is 
gone  (or  vice  versa).  The  efficacy  of  2  or  3  days  of  overlapping  bloom 
depends  largely  upon  the  weather,  as  affecting  both  the  rate  of  bloom 
and  the  distribution  of  pollen.  In  most  cases,  however,  where  the 
overlap  is  so  slight  it  will  be  noticed  that  by  far  the  greater  number  of 
the  pistils  must  go  unpollinated.  It  will  appear  that  on  all  these 
occasions  the  chance  for  adequate  self-pollination  in  orchards  of  a 
single  variety  was  very  slight.  In  other  words,  in  78  out  of  200  re- 
corded averages  cross-pollination  would  be  required  for  reasonable 
commercial  security  because  of  the  dichogamous  tendencies  of  this 
species  of  walnut.  In  individual  orchards  the  hazard  may  be  still 
greater,  because  there  is  often  a  difference  of  several  days  in  blooming 
dates  in  a  given  district,  traceable  to  such  influences  as  age  of  trees, 
general  conditions  of  the  orchards,  or  exposure. 

DICHOGAMOUS  TENDENCIES  AS  EXHIBITED  IN  VARIETIES 

It  seems  probable  that  variations  in  the  extent  and  character  of 
the  dichogamous  tendencies  in  the  walnut  depend,  at  least  to  some 
extent,  upon  variety.  In  the  Concord,  Eureka,  Golden  Nugget, 
Franquette,  Mayettes  (Early  Blooming  and  Grenoble),^  San  Jose, 
XXX  Mayette,  Payne,  and  Praeparturiens,  the  period  of  staminate 
bloom  began  earlier  than  that  of  the  pistillate  bloom  in  all  the  cases 
studied.  *  While  these  varieties  may  be  considered  protandrous  in 
tendency,  they  differed  in  the  degree  of  protandry  (fig.  7).  The 
Franquette,  San  Jose,  Payne,  and  Eureka  were  especially  protandrous 

7  For  a  brief  description  of  these  varieties,  see  List  of  Varieties,  p.  50. 
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Figure  7,  yl.— Average  period  of  bloom  of  walnod  of  pistil  receptivity.  (For  explanatory 
iMend,  see  tig.  7,  C.  In  the  list  of  localities,  le  next  item,  "San  Fernando",  should  be 
"San  Fernando  Valley";  and  "Caplstrano"  i8278lo-34.    (Face  p.  26.)    No.  1. 
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in  that  the  catkins  developed  regularly  far  ahead  of  the  pistils,  and 
quantities  of  the  pistils  bloomed  after  all  the  catkins  were  gone.  In 
these  four  varieties  practically  complete  dichogamy  was  relatively 
frequent.  In  9  out  of  22  studies  of  the  Eureka  there  was  no  effective 
overlapping  of  the  staminate  and  pistillate  bloom,  and  in  17  the 
overlapping  was  3  days  or  less  and  could  hardly  be  effective  from 
a  commercial  standpomt.  Similarly  in  26  studies  of  the  Franquette, 
15  cases  showed  conditions  unsatisfactory  for  self-pollination. 

Another  group  of  varieties  was  sometimes  protandrous  and  some- 
times protogynous,  with  protandry  apparently  predominating. 
These  included  El  Monte,  Willson,  and  Kaghazi.  The  Grove  and 
Parisienne  were  protandrous  when  they  produced  catkins  (fig.  7). 

A  third  group  was  predominantly  protogynous  in  tendency,  but 
not  always  so.  The  varieties  most  studied  in  this  group  were  the 
Placentia  and  Santa  Barbara.  In  11  of  the  14  studies  of  the  Placen- 
tia,  the  pistils  came  out  first  and  the  catkins  first  in  3.  In  13  out  of 
20  studies  of  the  Santa  Barbara,  the  pistillate  flowers  came  out  first,  and 
in  7  the  staminate  flowers  first.  The  available  evidence  suggests  that 
Pride  of  Ventura,  Ehrhardt,  Meylan,  Lucre tia,  and  Santa  Rosa  are 
protogynous  in  tendency,  but  positive  conclusions  should  not  be  drawn 
m  regard  to  these  five  varieties  until  further  data  are  obtained. 

It  will  be  seen  from  figures  7  and  8,  that  the  varieties  in  the  second 
and  third  groups  are  much  more  satisfactory  as  self-pollinizers  than 
those  in  the  first.  The  Placentia,  for  example,  is  much  more  likely 
to  produce  crops  when  planted  alone  than  is  the  Franquette.  The 
Franquette,  because  of  its  many  excellent  qualities,  has  been  planted 
extensively  in  central  California,  but  when  planted  in  solid  blocks  it 
has  not  been  successful  and  has  caused  much  loss  because  of  shy 
bearing.  Orchards  of  the  variety  have  been  removed  because  of 
repeated  light  crops.  As  it  happens,  the  protogynous  varieties  are 
grown  largely  in  districts  in  wliich  the  climate  increases  the  tendency 
toward  protogyny,  while  some  of  the  protandrous  varieties  are  grown 
almost  exclusively  where  the  climate  tends  to  increase  protandry 
(p.  33).  Where  there  was  opportunity  for  observation  it  was 
found  that  varieties  having  protogynous  tendencies  were  likely  to 
pollinate  themselves  well  in  districts  in  which  the  influence  of  the  cli- 
mate was  toward  protandry.  In  some  cases  the  influence  of  the 
cliniate  and  season  upon  protogynous  varieties  caused  the  catkins  to 
begin  to  bloom  first,  but  in  such  cases  they  were  not  as  far  in  advance 
of  the  pistils  as  were  the  catkins  of  the  protandrous  varieties  in  the 
same  localities  and  season. 

RELATION  OF  AGE  OF  TREE  TO  DICHOGAMY 

Young  trees  of  all  varieties,  whether  protandrous  or  protogynous  in 
tendency,  are  much  more  subject  to  dichogamy  than  are  old  trees. 
This  fact  does  not  affect  the  data  in  figures  7  and  8,  except  in  a  few 
cases  where  the  average  age  of  the  trees  studied  was  low  enough  to  be 
significant.  In  such  cases  the  fact  is  noted  in  the  figures.  In  figure  9 
are  illustrated  the  differences  in  the  overlapping  of  the  staminate  and 
pistillate  bloom  in  trees  of  different  ages  growing  under  practically 
identical  conditions.  The  orchards  were  close  together  and  similarly 
situated,  thus  affording  favorable  opportunity  for  comparison.  It 
was  not  always  possible  to  get  the  exact  age  of  old  trees,  but  those 
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marked  ''old  trees"  were  at  least  30  years  old,  and  the  "young 
trees"  were  less  than  15  years  of  age.  There  is  no  doubt  that  in  all 
varieties  of  walnuts  the  dichogamous  tendency  decreases  with  age, 
but  in  none  of  the  trees  studied  had  the  tendency  disappeared, 
although  some  were  over  50  years  old.  No  grower  can  afford  to  wait 
for  his  trees  to  pollinate  themselves  if  they  do  not  do  so  at  the  age 
of  10  or  12  years. 

COMPARATIVE  BLOOMING  DATES  OF  VARIETIES 

One  of  the  inherent  tendencies  of  walnut  varieties  that  manifests 
itself  in  all  climates  and  seasons  is  the  relative  time  of  bloom.     Thus, 


Figure  10.— Mayette  walnut  tree  in  the  foreground;  Eureka  trees  in  ttie  background.  At  the  time  the 
picture  was  taken  the  Eureka  trees  had  ceased  to  shed  pollen.  When  the  Mayette  trees  developed  catkins 
the  Eureka  pistils  were  past  the  receptive  stage,  therefore  there  was  no  interpollination  between  the 
Eureka  (an  intermediate  bloomer)  and  the  Mayette  (a  late  bloomer).  In  some  seasons,  however,  there  is 
a  considerable  exchange  of  pollen  between  these  two  varieties. 

some  varieties  tend  to  bloom  earlier  than  others  under  the  sams 
conditions  (figs.  10  and  11).  An  examination  of  figures  7  and  8  will 
make  it  clear  that  for  any  given  district  certain  varieties  are  com- 
paratively late  bloomers,  whereas  others  are  early  bloomers.  Another 
^roup  consists  of  intermediate  bloomers,  which  lap  over  somewhat 
mto  the  blooming  period  of  either  the  earlj  or  the  late  bloomers. 
The  period  of  bloom  of  the  intermediate  vaneties  is  usually  closer  to 
that  of  the  early  bloomers  than  to  that  of  the  late  bloomers.  Table  6 
gives  this  grouping  in  a  form  convenient  for  reference. 
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INFLUENCE  OF  SEASON  ON  BLOOMING  DATES 

Although  varieties  are  reasonably  consistent  in  their  time  of  bloom 
in  relation  to  one  another,  the  date  of  bloom,  length  of  blooming 
period,  and  blooming  habit  are  greatly  affected  from  year  to  year  by 
the  variations  in  the  seasons.     The  dates  on  which  a  variety  may 


•:r.;^f-r 


FioLRE  11— BloominR  habit  of  three  varieties  of  walnut  trees:  A,  Meylan,  upon  which  a  few  buds  are 
bcRinning  to  open;  B,  Eureka,  which  is  just  finishing  its  pollen-shedding  period;  in  the  background, 
Payne,  which  ceased  to  shed  pollen  before  the  Eureka  tree  b<^an  to  bloom.  The  late  pistils  on  the 
Payne  received  some  [K)IIen  from  the  Eureka,  and  a  few  days  after  this  picture  was  taken  the  late  Eureka 
pistils  received  some  pollen  from  the  early  Meylan  catkins.  The  Meylan  pistils  received-  no  ix)llen  from 
the  Eureka,  and  the  Eureka  received  none  from  the  Payne,  owing  to  the  protandrous  blooming  habit 
of  the  three  varieties  during  the  season.    (All  the  trees  are  of  the  same  age.) 

bloom  in  a  given  district  may  differ  by  a  month  or  more.  Similarly, 
the  length  of  the  blooming  period  may  vary  from  a  few  days  to  two 
and  one  half  months.  The  rate  of  blooming  may  be  very  slow,  a  few 
new  blossoms  maturing  each  day,  or  it  may  be  rapid,  many  blossoms 
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developing  at  the  same  time.  Continuous  cold  weather  in  late  winter 
and  early  spring  delays  blooming;  continuous  warm  weather  hastens 
it.  Any  warm  sunny  spell  immediately  preceding  or  occuriing 
during  the  normal  blooming  period  of  a  variety  will  start  the  bloom, 
its  rapidity  and  length  depending  on  the  degree  and  duration  of 
the  warm  weather.  If  the  contrast  is  sharp  between  the  warm  spell 
and  the  weather  that  preceded  it,  blooming  is  sudden  and  rapid.  A 
cold  spell  during  the  blooming  period  retards  and  protracts  it.  A 
comparative  study  of  the  seasons  of  1922  and  1924  will  serve  to 
illustrate  these  points.     (See  figs.  7  and  9.) 

Table  6. — Early,  intermediate,  and  late-blooming  walnuts  ' 


Early  blooming 

Intermediate  blooming 

Late  blooming 

El  Monte. 

Ehrhardt. 

Golden  Nugget. 

Grove. 

Kaghazi. 

Lucretia.2 

Mayette  (Early  Blooming). 

Payne. 

Placentia. 

Praeparturiens. 

Pride  of  Ventura. 

Santa  Barbara  soft-shell  types: 

Santa  Ro.sa. 

Wasson. 

Concord. 

Eureka. 

Japanese. 

Some  strains  of  Hinds. 

Bijou  type. 

Franquette. 

Frostfighter. 

San  Jose. 

XXX  Mayette. 

Meylan. 

Willson.3 

Mayette  (Grenoble). 

Parisienne. 

Some  strains  of  Hinds. 

'  For  further  information  on  the.se  varieties,  see  List  of  Varieties,  p.  50. 

2  Data  collected  for  2  years  only. 

3  In  some  sections  Willson  is  one  of  the  earliest  bloomers  in  this  group. 

It  will  be  noted  that  the  Payne  at  Linden,  the  Golden  Nugget, 
El  Monte,  and  Santa  Barbara  at  Modesto,  and  the  Payne,  Kaghazi, 
and  Praeparturiens  at  Oakdale  all  bloomed  from  20  to  30  days  later 
in  1922  than  in  1924.  (See  fig.  7.)  The  Franquette  at  Linden, 
which  bloomed  at  more  nearly  corresponding  dates  in  1922  and  1924, 
furnished  the  only  exception  among  the  cases  where  information  is 
available  for  comparing  the  beharvior  of  varieties  in  those  2  years. 
The  United  States  Weather  Bureau  reports  (12)  for  1922  read  in  part 
as  follows: 

Abnormally  cold  weather  prevailed  throughout  California  in  January.  *  *  * 
It  was  the  coldest  February  in  11  years.  *  *  *  Abnormally  cold  weather 
prevailed  during  the  greater  part  of  March.  The  average  temperature  of  the 
State  was  more  than  3°  below  normal.  *  *  *  'pi^g  temperature  and  pre- 
cipitation were  both  below  normal  during  April.  *  *  *  Cold  and  cloudy 
weather  prevailed  during  the  first  half  of  the  month;  the  latter  half  of  the  month 
was  somewhat  warmer. 

The  nearest  place  to  the  walnut-growing  section  mentioned  (that 
of  Linden,  Modesto,  and  Oakdale)  at  which  weather  records  are  kept 
is  Stockton.  A  study  of  the  records  shows  that  this  general  descrip- 
tion of  California  weather  for  1922  was  applicable  there  except  that 
a  very  short  warm  period  occurred  during  the  first  week  of  April. 
This  was  followed  by  cold  and  then  by  a  second  warm  period  at  the 
end  of  April.  In  this  cold  season  the  blooming  of  the  early  varieties 
was  delayed.  The  behavior  of  the  Franquette  now  becomes  intelli- 
gible. It  is  a  late-blooming  variety,  and  the  warm  weather  began 
close  to  its  normal  blooming  time,  with  the  result  that  its  bloom- 
ing period  was  not  delayed. 
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On  the  other  liand,  in  1924  the  opposite  condition  prevailed.  To 
quote  from  the  reports  of  the  Weather  Bureau  (12): 

In  Febniarv  the  temperature  averaged  well  above  normal.  Considering  the 
entire  State,  it  was  the  warmest  February  since  1907.  Tlie  latter  part  of  the 
month  was  especially  warm.  ♦  *  ♦  The  first  half  of  the  month  [March] 
was  unusually  warm  and  dry,  but  the  second  half  was  cold.  *  *  *  [In  April] 
temperatures  averaged  slightly  above  normal.  They  were  considerably  above 
nonnal  at  many  places  in  the  northern  part  of  the  State.     *     *     * 

This  description  was  found  to  be  applicable  to  the  weather  at  Stock- 
ton in  that  season.  Thus,  in  1924  abnormally  warm  weather  in 
February  and  March  brought  out  the  bloom  of  the  early  varieties 
about  a  month  sooner  than  in  1922.  A  cold  spell  at  the  end  of  March 
protracted  the  blooming  and  checked  its  rate,  so  that  the  total  period 
of  bloom  of  pistils  and  catkins  was  longer  in  1924  than  in  1922. 

All  seasons  are  not  so  easily  compared  as  these  two  rather  striking 
examples,  but  it  will  be  found  that  during  each  year  varying  succes- 
sions of  weather,  combined  with  the  natural  tendency  of  the  variety, 
serve  to  fix  the  date  of  bloom  at  one  point  or  another  within  a  period 
of  5  or  6  weeks. 

It  will  be  noted  in  the  figures  that  in  general  early-blooming  vari- 
eties vary  more  in  length  and  date  of  bloom  than  late  ones.  This 
is  probably  because  of  the  fact  that  in  early  spring  when  the  early 
varieties  tend  to  bloom  the  weather  is  more  changeable  than  later  on. 

INFLUENCE  OF  CUMATE  ON  BLOOMING  DATES 

While  all  the  districts  in  California  in  which  walnuts  are  grown 
possess  what  is  generally  termed  a  mild  climate,  they  vary  consider- 
ably in  the  type  of  climate.  The  districts  may  be  classified  for  con- 
venience as  coastal  and  interior.  The  former  have  a  climate  charac- 
terized by  mild  winters,  cool  summers,  and  on  the  whole  a  humid 
atmosphere  with  frequent  fogs.  The  temperature  ranges  between 
winter  and  summer  are  less  on  the  coast  than  in  the  interior,  the  win- 
ters being  milder  and  the  springs  and  summers  cooler.  On  the  coast 
the  mildness  of  winter  increases  toward  the  south.  According  to  the 
Weather  Bureau,  the  coastal  area  extending  from  Los  Angeles  to 
San  Diego  has  the  most  equable  climate  in  the  United  States.  Of  the 
districts  in  which  studies  were  made  (figs.  7,  8,  and  12)  the  following 
may  be  classified  as  coastal,  beginning  at  the  south  and  going  north: 
Areas  near  San  Diego,  San  Juan  Capistrano,  Santa  Ana,  Los  Angeles, 
Oxnard,  Ventura,  Santa  Barbara,  San  Luis  Obispo,  Paso  Robles, 
King  City,  and  San  Jose. 

In  contrast  with  that  of  the  coast,  the  climate  of  the  interior  valleys 
of  California  is  characterized  by  comparatively  cold  winters,  warm 
springs,  and  hot  summers.  Sunshine  is  abundant,  and  hot  drying 
winds  may  occur  during  spring  and  summer.  This  type  of  climate 
prevails  at  Red  Bluff,  Chico,  Orland,  and  Riverside. 

There  are  all  gradations  between  the  typically  interior  and  typically 
coastal  climates.  The  topography  may  allow  coastal  influences  to 
extend  inland  to  a  greater  or  less  degree,  depending  on  the  distance  of 
a  locality  from  the  ocean,  heiglit  and  number  of  intervening  hills  or 
mountain  ranges,  and  the  direction  and  velocity  of  the  wind.  Like- 
wise, coastal  districts  may  be  protected  by  features  of  topography  in 
such  a  way  that  the  climate  is  modified.     Modesto,  Stockton,  Linclen, 
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Sacramento,  Davis,  Waterford,  and  San  Fernando  may  be  considered 
as  interior  districts  receiving  coastal  influences  in  various  degrees. 
San  Jose,  King  City,  Paso  Robles,  Fillmore,  Moorpark,  and  localities 
lying  just  east  of  Los  Angeles,  also  some  of  the  valleys  in  San  Diego 
County  are  coastal  districts  more  or  less  protected   (fig.   12).     In 
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I   RED  BLUFF 

2  LOS   MOLINOS 

3  BIGGS 

4  ARBUCKLE 

5  WOODLAND 

6  DAVIS 

7  SACRAMENTO 

8  BRENTWOOD 
8   LINDEN 

10  STOCKTON 

11  RIVERBANK 

12  OAKDALE 

13  MODESTO 

14  SAN  JOSE 

15  WATERFORD 

16  KING  CITY 
7    PASO   ROBLES 

35  SAN  JUAN 


18  GOLETA 

19  SANTA  BARBARA 

20  SANTA  PAULA 

21  VENTURA 

22  CAMERILLO 

23  OXNARD 

24  SOMIS 

25  SATICOY 

26  LOS  ANGELES 

27  IRVINE 

28  SAN  DIEGO 

29  ESCONDIDO 

30  SAN  FERNANDO 

31  RIVERSIDE 

32  EL  MONTE 

33  SANTA   SUSANA 

34  FILLMORE 
CAPISTRANO 


Figure  12.— Map  showing  localities  of  the  California  walnut-growing  districts  where  most  of  the  work 

was  done. 


many  cases  the  line  of  demarcation  is  so  narrow  as  to  make  classifica- 
tion difficult. 

In  California  a  difference  in  latitude  does  not  result  in  the  degree  of 
variation  in  climate  that  might  be  expected.  Instead  of  running  east 
and  west,  as  in  most  other  parts  of  the  United  States,  isothermal  lines 
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run  north  and  south.  A  slight  difference  in  location  in  an  easterly  and 
westerly  direction  is  reflected  appreciably  in  the  climate,  while  a  much 
greater  difference  in  a  northerly  and  southerly  direction  is  hardly 
noticeable.  Red  Bluff  in  the  north  of  the  State  and  Riverside  in  the 
south,  both  of  which  are  in  the  interior,  have  climates  that  are  similar, 
although  the  difference  in  latitude  of  the  two  places  is  equivalent  to 
400  miles  (fig.  12).  On  the  coast  the  climate  varies  with  the  latitude 
to  a  greater  degree  than  in  the  interior  valleys,  although  the  variation 
is  slight.     Farther  north  the  winters  are  somewhat  more  severe. 

The  influence  of  the  various  climates  upon  the  blooming  habit  of  the 
walnut  is  marked.  The  varieties  bloom  earlier  and  for  a  shorter  period 
in  the  interior  than  on  the  coast.  Figures  7  and  8  show  that  the 
Franquette  and  other  late  varieties  bloomed  in  the  San  Joaquin  and 
Sacramento  Valleys  in  the  latter  part  of  April  and  in  May  at  the  same 
time  that  such  early  varieties  as  the  Placentia,  El  Monte,  and  Santa 
Barbara  were  in  bloom  at  Ventura  and  in  other  southern  coastaj  dis- 
tricts. As  the  Franquette  seldom  blooms  at  Ventura  earher  than 
July,  the  nuts  do  not  have  time  to  develop  and  mature  properly. 
For  this  reason  late-blooming  varieties  are  not  successful  in  southern 
coastal  sections.  Early  varieties  bloom  there  as  late  as  is  desirable. 
On  the  other  hand,  late  varieties  are  suitable  for  the  interior  valleys, 
where  early  varieties  are  apt  to  be  injured  by  spring  frosts.  At 
Ventura  winters  are  usually  so  mild  that  walnut  trees  frequently  do 
not  pass  through  a  normal  dormant  period,  or,  at  least,  the  period  of 
complete  dormancy  is  very  short.  The  winters  are  usually  followed 
by  mild  cool  springs.  In  such  a  climate  a  protracted  blooming  period 
is  the  rule.  At  San  Jose,  which  lies  in  a  latitude  approximately  200 
miles  north  of  Ventura  and  is  slightly  more  protected  from  ocean 
winds,  the  climate  is  colder  in  winter,  and  there  is  a  greater  difference 
between  winter  and  spring.^ 

Temperature  tables  of  the  Weather  Bureau  show  that  Santa  Bar- 
bara, a  few^  miles  north  of  Ventura,^  is  warmer  in  January,  February, 
and  March  than  is  San  Jose,  but  that  San  Jose  is  warmer  than  Santa 
Barbara  in  May  and  June  and  usually  in  April.  At  San  Jose  the 
comparatively  warm  springs  following  cold  weather  make  the  bloom- 
ing period  earlier  and  shorter  than  on  the  southern  coast.  Conse- 
quently, the  Franquette,  San  Jose,  and  other  late-blooming  varieties 
can  be  grown  there  successfully.  Early  varieties  at  San  Jose  are 
subject  to  frost  injury  during  blooming  time,  although  not  so  much 
so  as  in  the  interior.  In  the  interior  valleys  the  winters  are  still 
colder,  but  the  springs  are  comparatively  warmer.  Dormancy  is 
marked,  and  the  varieties  in  general  bloom  earlier,  more  rapidly,  and 
for  a  shorter  period.  "• 

EFFECT  OF  CUMATE.  SEASON,  AND  WEATHER  ON  DICHOGAMY 

Climate,  season,  and  weather  have  a  pronounced  effect  upon  the 
length  of  the  overlap  in  blooming  of  the  pistillate  and  staminate 
flowers.     For  some  reason  the  latter  seem  to  respond  more  quickly 

'  Accordinj:  to  weather  reports  covering  a  long  series  of  years,  the  average  difference  in  winter  tempera- 
tures at  Santa  Barbara  and  San  Jose  is  5°  and  the  average  ditterence  in  spring  lem{ierature-s  is  1°.  The 
average  difference  between  winter  and  spring  tein|)eratures  at  Santa  Barbara  is  only  3°  and  at  San  Jose  7°. 

»  Weather  records  at  Santa  Barbara  are  mentioned  here  and  are  included  in  the  tables  because  it  is  one 
of  the  ne:irest  places  to  Ventura  at  which  Qovernment  weather  records  are  kept.  No  such  records  are 
available  fur  Ventura. 
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to  sudden  periods  of  warm  weather  than  do  the  former.  The  contrast 
between  their  behavior  is  greater  when  the  change  of  weather  is 
sudden  than  when  it  is  gradual.  During  a  warm  period  following  a 
cold  winter  there  is  a  tendency  for  growth  to  be  rapid  in  all  parts  of 
the  tree,  but  the  effect  of  such  a  change  is  especially  marked  upon  the 
stamina te  flowers.  When  the  warm  weather  continues  for  a  number 
of  days  the  staminate  flowers  may  develop  so  much  faster  than  the 
pistillate  flowers  that,  in  varieties  having  protandrous  tendencies,  the 
blooming  of  the  former  may  be  entirely  over  before  that  of  the  latter 
has  begun,  i.e.,  dichogamy  may  be  complete.  Warm  weather  fol- 
lowing cold  increases  protandry  and  modifies  protogyny.  When, 
after  a  warm  winter,  the  weather  during  the  blooming  season  is  cool, 
protogynous  tendencies  in  the  varieties  are  accentuated,  and  pro- 
tandrous tendencies  are  modified. 

So  great  may  be  the  effect  of  weather  and  climate  that  a  variety 
in  which  the  tendency  on  the  whole  is  protogynous  may  appear  at 
some  places  and  in  some  seasons  to  be  protandrous  (fig.  13),  and  in 
the  same  way  a  variety  that  is  protandrous  may  appear  on  occasion 
to  be  protogynous. 

To  illustrate,  the  Santa  Barbara  group,  which  is  protogynous  at 
Ventura,  was  slightly  protandrous  at  Modesto  in  1922.  The  trees 
bloomed  later  than  usual  on  account  of  the  coldness  of  the  season. 
The  staminate  flowers  came  out  quickly  after  a  brief  warm  period  in 
early  April,  the  preceding  weather  having  been  consistently  cold. 
The  W^illson  variety  normally  blooms  later  than  the  Santa  Barbara 
and  appears  protandrous  in  most  cases.  In  1922  at  Modesto  the 
Willson  catkins  had  not  yet  come  out  in  response  to  the  first  warm 
weather  when  a  cool  period  ensued.  During  this  cool  interval  the 
Willson  pistils  began  to  bloom  at  about  their  normal  time,  making 
that  variety  appear  protogynous.  In  a  second  warm  period,  during 
which  the  daily  temperatures  were  high,  the  Willson  catkins  bloomed 
so  rapidly  as  to  complete  their  bloom  six  days  before  the  last  of  the 
pistils  appeared.  Thus,  the  Willson  seemed  protogynous  at  the 
beginning  of  the  season  and  protandrous  at  the  end,  as  a  result  of 
weather  conditions.  The  Placentia  catkins  preceded  the  pistils  at 
Linden  in  1927,  at  places  east  of  Fillmore  in  1928,  and  at  King  City  in 
1929.  When  charts  show  the  Placentia  and  Santa  Barbara  catldns 
coming  before  the  pistils,  it  is  in  districts  where  the  coastal  climate  is 
modified  or  the  climate  verges  on  the  interior  type.  At  Modesto  the 
El  Monte  pistils  came  out  in  advance  of  the  catkins  in  1923,  1924, 
and  1927,  but  otherwise  the  variety  appeared  protandrous.  Many 
examples  of  both  types  of  variation  could  be  cited.  Groups  of 
Eureka,  Franquette,  Concord,  and  Payne  trees  were  found  to  exhibit 
protogynous  tendencies  in  coastal  districts  in  some  seasons.  These 
are  not  shown  because  the  records  were  incomplete  in  one  way  or 
another.  These  varieties  are  not  grown  to  any  extent  in  southern 
coastal  districts,  and  it  is  difficult  to  obtain  comprehensive  data 
regarding  their  behavior  there.  The  same  difficulty  was  experienced 
with  protogynous  varieties  not  commonly  grown  in  the  interior. 

As  heretofore  stated,  a  slight  change  in  location  in  an  easterly  or 
westerly  direction  often  results  in  an  appreciable  change  in  climate. 
These  changes  affect  the  blooming  dates  and  the  character  of  the 
dichogamy  in  walnut  varieties.  Records  taken  in  1928  show  the 
extent  to  which  this  is  true.     Table  7  is  a  summary  of  observations 
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Figure  13.— Typical  twigs  of  Placentia  walnut,  illustratinR  three  marked  variations  in  the  types  of  dichog- 
amy in  a  variety,  due  to  climate.  A,  Twig  from  an  orchard  near  Simi,  illustrating  protandry.  The 
staminate  flowers  (a)  are  beginning  to  sherl  pollen,  and  the  foliage  hud  (6)  is  just  swelling.  Before  the 
pistils  are  produced  terminally  on  the  shoot  which  will  spring  from  the  bud  (6)  the  catkins  will  be  gone. 
B,  Twig  from  Placentia  tree  near  Fillmore  (where  the  climate  is  somewhat  more  coastal  in  effect  than 
at  Simi),  showing  catkins  (a)  shedding  pollen  at  the  same  time  the  pistils  (c)  are  receptive.  The 
Placentia  variety  in  this  orchard  jxillinated  itself  satisfactorily  during  the  season.  C,  Twig  from  an 
orchard  near  Ventura  (which  possesses  a  distinctly  coastal  climate),  showing  protogyny.  The  pistils 
(c)  have  been  receptive  for  a  considerable  time.  The  catkins  (a)  are  enlarging,  but  the  pistils  will !«  past 
receptiveness  before  any  pollen  is  shed.  The  climate  and  weather  conditions  which  brought  about  these 
variations  in  the  localities  mentioned -were  marked  during  1928. 
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on  the  Santa  Barbara  soft-shell  type.  It  was  found  that  the  places 
named  could  be  Hsted  under  four  headings,  giving  the  approximate 
degree  of  bloom  and  development  of  fohage  during  the  first  six  days 
of  May.  Variations  in  blooming  dates  of  catkins,  pistils,  and  in 
fohage  development  were  found  to  occur  especially  from  west  to  east. 
It  will  be  noted  that  the  Santa  Barbara  pistils  were  in  advance  of  the 
catkins  at  Ventura  and  other  places  listed  under  stage  1  and  that  the 
catkins  were  in  advance  of  the  pistils  at  Riverside  and  other  places 
listed  under  stage  4.  Temperature  records  are  not  available  for  many 
of  these  locah ties,  but,  in  general,  the  climate  in  the  first  group  is 
coastal,  in  the  fourth  it  is  interior,  and  in  the  second  and  third  it  is 
intermediate  between  the  two  extremes.  Where  weather  records  are 
available  they  show  that  the  season  of  1928  was  unusually  cool.  Fogs 
and  cold  winds  were  prevalent  on  the  coast.  The  contrast  between 
the  locahties  mentioned  under  the  various  stages  in  the  table  is  not 
as  marked  in  all  seasons  as  was  the  case  in  1928,  and  consequently 
there  may  be  less  variation  in  the  bloom  in  some  seasons. 

Table  7.-— Approximate  stage  of  development  of  vegetative  growth  and  of  pistils 
and  catkins  of  Santa  Barbara  walnuts  in  various  localities  in  California  during 
the  first  six  days  of  May,  1928  ^ 


Stage  1,  pistils  much  in 
advance  of  catkins;  less 
than  10  percent  of  foli- 
age out 


Stage  2,  pistils  slightly 
preceding  catkins;  50 
percent  of  foliage  out 


Stage  3,  pistils  and  sta- 
mens blooming  nearly 
together;  foliage  all 
started  and  most  of  it 
well  out 


Stage  4,  catkins  in  ad- 
vance of  pistils,  but 
overlapping  to  some  ex- 
tent 


Ventura  and  4  miles  in- 
land. 

Oxnard  and  4  miles  in- 
land. 

Santa  Ana  to  the  ocean. 

Coast  of  San  Diego  Coun- 
ty. 

Santa  Barbara. 

Carpinteria 

Goleta. 


Saticoy  to  Santa  Paula. 
Escondido. 
Irvine. 
Rincon. 
Anaheim. 

Orchards  east  of  Goleta. 

San    Juan    Capistrano 

district,  near  the  coast. 


San    Juan     Capistrano 

district,  east  of  hills. 
Puente. 
El  Monte. 
Walnut. 
Santa  Susana. 
Glendale. 
Burbank. 
Fillmore. 
Moorpark. 
San  Jose. 
Gilroy. 


Banning. 
Riverside. 
San  Fernando. 
Chino. 


1  Practically  the  same  data  were  obtained  with  the  Placentia  variety.    For  location  of  these  places,  see 
figure  12. 

RELATION  OF  BLOOMING  HABIT  TO  DICHOGAMY 

A  certain  amount  of  foliage  always  forms  before  the  pistil  becomes 
visible  (fig.  13).  The  foliage  continues  to  grow  rapidly  during  the  time 
of  early  pistil  enlargement.  The  manner  in  which  pistillate  and 
staminate  flowers  are  borne  appears  to  have  a  relation  to  the  way  in 
which  they  respond  to  climatic  influences.  The  dormant  catkin  buds 
spring  into  growth  suddenly  when  w^arm  weather  comes,  and  if  it 
continues  the  catkins  mature  rapidly  and  are  soon  gone.  Time  is 
needed  for  the  development  of  the  pistillate  flowers,  because  of  the 
amount  of  growth  that  must  take  place  before  the  pistils  reach  the 
receptive  stage.  When  the  weather  becomes  warm  suddenly,  as  it 
frequently  does  in  the  interior  valleys,  the  blooming  of  the  catkins 
may  be  over  before  the  pistils  have  time  to  mature;  on  the  other  hand, 
the  foliage  buds  may  start  with  a  slight  warming  up  in  the  spring  and 
continue  to  grow  even  though  the  weather  is  comparatively  cool. 
In  a  climate  such  as  generally  prevails  along  the  coast  the  pistillate 
flowers  may  develop  fully  while  the  catkins  are  awaiting  weather 
warm  enough  to  stimulate  them  into  growth. 
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The  relative  amount  of  heat  necessary  to  start  pistillate  and  stam- 
inate  flowers  into  bloom  appears  to  be  a  varietal  characteristic. 

EFFECT  OF  TEMPERATURE  ON  BLOOMING  AND  DICHOGAMY 

A  certain  amount  of  warmth  and  sunshine  is  necessary  to  bring 
walnuts  into  bloom.  When  temperature  charts  were  studied  it  was 
found  that  the  mean  or  minimum  temperatures  had  less  relation  to 
date  of  bloom  than  might  be  expected.'  A  relation  between  maximum 
daily  temperatures  and  date  of  bloom  was  apparent',  but  not  entirelv 
regular.  No  definite  heat  constant  could  be  established  for  the  maxi- 
mum daily  temperatures  that  would  be  sufficient  in  all  cases  to  bring 
about  the  blooming  of  a  variety.  In  Germany,  observations  on  the 
effect  of  heat  and  sunshine  on  the  time  of  blooming  of  many  plants 
were  made  by  Kerner  (6)  over  a  long  period.  He  emphasizes  the 
importance  of  sun  rather  than  shade  temperatures  in  determining  the 
amount  of  heat  necessary  to  bring  about  flowering.  As  sun-tempera- 
ture records  are  not  available  in  California,  a  critical  study  of  the 
relation  of  sun  temperatures  to  development  of  flowers  of  walnuts 
was  not  made.  Such  temperature  studies  as  were  made  indicated  no 
definite  relation  between  total  heat  units  and  time  of  blossoming  in 
the  different  varieties. 

The  striking  fact  derived  from  these  temperature  studies  is  that 
the  temperature  records  as  commonly  kept  are  less  valuable  in  indicat- 
ing the  date  and  length  of  bloom  than  might  be  expected,  and  that 
sunlight  may  have  a  marked  influence  on  date  and  length  of  bloom. 
Conversely,  the  importance  of  fogs  and  clouds  is  very  great.  Tempera- 
ture, sunlight,  fogs,  winds,  and  atmospheric  moisture  all  affect  the 
blooming  period  of  the  walnut.  It  is  also  possible  that  lack  of  complete 
winter  dormancy  may  retard  blossoming  in  the  coastal  districts  having 
relatively  high  winter  temperatures.  Though  it  may  be  possible  at 
some  future  time  to  express  the  effects  of  all  these  agencies  in  terms 
of  temperature  units,  it  is  not  now  possible  to  do  so  with  the  informa- 
tion available. 

RELATION  OF  LONG  AND  SHORT  PERIODS  OF  BLOOM  TO  POLUNATION  AND 

DICHOGAMY 

It  has  been  shown  that  overlapping  of  blooming  of  stamens  and 
pistils  is  an  important  consideration  for  self-pollination,  and  that  con- 
ditions which  bring  about  rapid  blooming  may  result  in  a  degree  of 
dichogamy  sufficient  to  prevent  adequate  pollination.  On  first  con- 
sideration it  would  s6em  that  the  more  protracted  the  blooming  season, 
and  more  particularly  the  longer  the  overlapping  of  the  bloom  of  the 
two  types  of  inflorescence,  the  better  the  chance  for  self-pollination,  but 
this  is  not  necessarily  the  case.  The  conditions  that  cause  a  very  long 
blooming  season  are  often  such  as  to  prevent  pollination  from  taking 
place.  For  example,  the  season  at  Ventura  for  1928  was  exceedingly 
protracted.  Figure  7  shows  that  the  blooming  season  of  the  Placentia 
that  year  was  lohger  than  for  any  other  year  indicated,  although  the 
district  generally  has  long  blooming  seasons.  The  period  of  adequate 
overlapping  bloom  lasted  19  days,  yet  the  Placentia  crop  that  year  in 
the  district  was  light.  Figure  7  shows  that  the  Placentia  stigmas  were 
receptive  for  24  daj^s  before  any  catkins  began  to  shed  pollen,  and  for 
18  days  more  only  a  few  catkins  were  produced.     Thus,  for  42  days  the 
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stigmas  were  not  pollinated  to  any  extent.  From  May  11  to  30, 
inclusive,  the  catkins  were  shedding  pollen,  and  the  stigmas  were  recep- 
tive in  sufficient  numbers  to  account  for  a  commercial  crop  if  other 
conditions  had  been  favorable,  but  this  was  not  the  case.  The  period 
was  one  of  cold  and  foggy  weather.  Much  of  the  pollen  that  was  shed 
from  the  anthers  was  injured  by  being  soaked  with  moisture  from  fogs. 
On  many  days  fogs  in  the  forenoon  were  followed  by  such  cold  winds 
in  the  afternoon  that  the  anthers  did  not  shed  pollen.  Therefore, 
although  receptive  stigmas  were  present  for  a  longer  period  than  usual, 
pollination  was  slight. 

In  si*ch  long  blooming  periods  it  appears  that  most  of  the  pollination 
is  accomplished  during  a  few  days  of  favorable  weather,  but  that  a  day 
of  good  weather  is  much  less  effective  than  in  a  short  blooming  season 
because  fewer  stigmas  are  in  a  receptive  stage  and  fewer  catkins  are 
shedding  pollen. 

The  blooming  season  for  1929  at  Ventura  was  earlier  and  shorter 
than  that  of  1928.  Effective  self-pollination  of  the  Placentia  could 
occur  only  during  a  9-day  period  (April  25  to  May  3),  but  the  weather 
was  favorable,  and  the  Placentia  trees  produced  good  crops  even  in 
orchards  where  cross-pollination  was  not  possible. 

In  orchards  in  which  both  the  Placentia  and  Santa  Barbara  walnuts 
are  grown,  it  will  be  seen  (fig.  7)  that  during  1928  the  Placentia  should 
have  been  either  self -pollinated  or  cross-pollinated  from  May  1  to  23, 
a  period  of  23  days,  and  the  Santa  Barbara  trees  should  have  been 
either  self-poUinated  or  cross-pollinated  during  a  15-day  period  ex- 
tending from  May  1  to  15.  During  1929  efficient  cross-pollination 
could  have  taken  place  for  the  Placentia  and  Santa  Barbara  walnut 
orchards  only  from  April  23  to  May  3,  an  1 1'-day  period.  During  most 
of  this  period,  however,  the  weather  was  warm  and  sunny,  and  winds 
blew  nearly  every  day.  During  such  weather  catkin  development  was 
rapid;  numerous  pistils  with  receptive  stigmas  were  ready  to  receive 
the  pollen,  which  was  efficiently  distributed  by  wind.  The  result  was 
evident  in  the  heavy  crop  in  the  Ventura  district  in  1929,  as  against  a 
light  crop  in  1928. 

INTERPLANTING  OF  VARIETIES  FOR  POLUNATION  PURPOSES 

Since  single  varieties  do  not  always  pollinate  themselves  satisfac- 
torily, the  pressing  question  from  the  standpoint  of  growers  is,  What 
varieties  should  be  interplanted  to  assure  cross-pollination?  As  yet 
the  question  cannot  be  answered  authoritatively  for  every  variety  or 
for  every  district.  It  has  been  shown  that  varieties  are  not  alike  in 
their  response  to  climate  and  weather,  that  the  districts  differ  from  one 
another  in  climatic  influences,  and  that  there  is  considerable  variation 
in  seasons.  It  has  not  been  possible  to  conduct  observations  in  every 
district  each  year,  and  some  varieties  have  not  yet  been  studied. 
Moreover,  all  combinations  of  varieties  are  not  to  be  found  in  all  dis- 
tricts for  purposes  of  comparative  study.  Nevertheless,  the  data  at 
hand  should  make  it  possible  to  select  combinations  of  varieties  for 
interplanting  that  will  greatly  improve  the  chances  for  adequate  polli- 
nation, even  though  there  is  no  certainty  that  the  varieties  selected 
wiU  pollinate  each  other  perfectly  in  all  seasons. 

A  study  shows  that  for  a  number  of  days  in  nearly  every  year  pistil- 
late flowers  of  each  variety  are  blooming  and  fading  in  large  numbers. 
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with  no  possibility  of  being  pollinated  by  trees  of  the  same  variety. 
These  unpoUinated  pistillate  flowers  represent  the  potential  increase  in 
walnut  crops  when  adequate  provision  is  made  for  interpoUination. 
Almost  any  combination  of  varieties  is  likely  to  increase  pollination  to 
some  extent,  and  even  a  few  extra  days  of  pollination  may  make  the 
difference  between  a  large  and  a  small  crop  and  between  profit  and  loss 
in  the  management  of  an  orchard. 

It  would  seem  that  the  ideal  arrangement  would  be  to  plant  pro- 
tandrous  varieties  with  protogjnous  varieties  blooming  at  the  same 
time,  so  that  they  will  pollinate  each  other.  However,  the  modifica- 
tions of  protandry  and  protogyny  according  to  weather  and  climate  are 
such  that  it  is  difficidt  to  say  just  what  will  happen  in  any  district  with 
such  combinations  of  varieties.  The  Payne  (protandrous)  has  been 
planted  with  the  Placentia  (protogynous)  in  some  places.  At  Linden 
in  1927  the  Placentia  was  protandrous.  It  bloomed  so  as  to  increase 
the  pollination  of  the  Payne,  but  received  no  benefit  itself  from  the 
combination.  At  King  City  in  1929  the  Placentia  pistils  and  catkins 
bloomed  together.  The  Payne  was  completely  dichogamous,  but  was 
pollinated  by  the  Placentia.  In  this  case  the  combination  was  very 
helpfid.  Records  obtained  during  1928  and  1929  indicate  that  a  new 
variety,  the  Lucre tia,  is  a  good  pollinizer  for  the  Payne.  It  seems  to 
produce  catkins  at  the  proper  time  to  pollinate  the  Payne  pistils  and 
appears  to  be  protogynous  in  tendency.  A  further  study  of  pro togy nous 
varieties  may  make  it  possible  to  select  varieties  of  opposite  types  for 
each  distiict,  but  this  cannot  be  done  at  present. 

The  planting  together  of  a  number  of  varieties  gives  the  best 
chance  for  the  pollination  of  all  the  trees  in  an  orchard,  but  some 
groupings  are  more  likely  to  be  eft'ective  than  others.  When  early- 
blooming  varieties  are  interplanted  they  may  all  suffer  from  the  same 
pollination  trouble  at  the  same  time,  or  each  may  help  some  other  for 
a  few  days  and  increase  the  total  pollination  appreciably.  There  is 
more  variation  in  the  time  of  bloom  of  the  early  than  of  the  late 
varieties,  and,  therefore,  better  results  are  likely  to  be  obtained  from 
interplanting  them  than  from  interplanting  varieties  belonging  to  the 
late  group.  If  the  behavior  of  the  Payne,  Praeparturiens,  and 
Kaghazi  (early  varieties)  at  Oakdale  in  1922,  1923,  and  1924  is 
studied  it  wiU  be  found  that  in  1922  almost  nothing  was  gained  in 
extra  pollination  by  this  combination  of  varieties.  In  1924  the 
Kaghazi  pollinated  the  Payne  pistils  for  5  days  beyond  the  period 
of  self-pollination.  The  Praeparturiens  provided  7  days  of  extra 
pollination  for  the  Payne  and  2  days  of  extra  pollination  for  the 
Kaghazi.  The  Praeparturiens  itself  bloomed  unpoUinated  for  a  long 
penod,  as  it  was  the  latest  bloomer  in  a  group  of  varieties,  aU  of  which 
were  protandrous  in  tendency.  In  1923  the  benefit  of  interplanting 
to  the  Payne  was  very  marked.  In  that  year  and  locality  all  of  the 
Payne  pollen  had  been  shed  before  the  stigmas  were  receptive,  but  the 
Kaghazi  and  Praeparturiens  supplied  pollen  to  the  Payne  throughout 
almost  the  entire  period  of  its  pistillate  bloom.  In  general  it  may  be 
said  that  groups  of  early-blooming  varieties  will  have  a  longer  period 
of  effective  pollination  than  will  any  one  variety  in  the  group,  and 
that  interplanting  is  helpful,  although  not  alwavs  entirely  satisfactory. 

In  the  same  way  late  varieties  will  help  one  another,  although  to  a 
lesser  extent.  The  Franquette  is  often  usefail  in  furnishing  pollen 
for  certain  other  late  varieties,  but  it  rarely  receives  benefit  itself  in 
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the  way  of  pollen  from  other  varieties.  For  example,  the  San  Jose 
at  Linden  in  1929  bloomed  with  the  Franqiiette.  Both  were  prac- 
tically dichogamous,  and  neither  helped  the  other.  In  1922,  however, 
at  Oakdale,  the  San  Jose  (which  was  dichogamous  in  this  year,  also) 
was  much  benefited  by  the  Franquette,  though  the  Franquette 
received  no  help  from  the  combination.  It  is  difficult  to  find  suitable 
pollinizers  for  the  Franquette,  which  is  one  of  the  last  varieties  to 
bloom  and  is  decidedly  protandrous.  Protogynous  varieties  blooming 
at  the  same  time  would  seem  to  present  the  ideal  combination,  but  it  is 
probable  that  protogynous  tendencies  would  be  overcome  by  cli- 
matic influences  in  some  of  the  districts  where  the  Franquette  is 
grown  most  successfully.  The  Meylan,  which  is  a  late  bloomer  and 
is  somewhat  protogynous  in  most  districts,  seems  to  be  of  considerable 
promise  as  a  poUinizer  for  the  Franquette  and  should  be  tried  out 
fully  in  all  districts.  Sometimes  the  Hinds  will  help  to  pollinate  the 
Franquette,  but  the  strains  must  be  selected  carefully.  The  Willson 
is  helpful  in  some  districts.  The  Parisienne  might  be  helpful  were 
it  not  for  the  fact  that  the  variety  does  not  bear  catkins  regularly. 
The  Frostfighter,  wliich  has  been  under  observation  for  a  few  years  in 
the  San  Jose  district,  seems  to  produce  pollen  in  large  quantities  at  the 
right  time  to  pollinate  the  Franquette.  Its  nut  is  not  valuable 
commercially,  but  it  ripens  so  late  that  it  is  easily  kept  separate  from 
the  Franquette  during  harvesting.  It  may  prove  on  further  testing 
to  be  of  great  value  for  pollinating  the  late-blooming  group. 

In  any  combination  consisting  of  protandrous  varieties  the  latest 
blooming  variety  in  the  group  suffers  most  because  many  of  the  pistils 
may  come  out  after  the  pollen  from  all  the  varieties  is  shed  (figs.  10 
and  11). 

When  early  and  late  varieties  are  interplanted  they  frequently 
'  bloom  so  far  apart  that  the  blooming  periods  do  not  overlap  (fig.  11). 
In  some  seasons,  however,  the  blooming  periods  are  brought  close 
together,  and  under  these  circumstances  cross-pollination  may  take 
place.  Combinations  of  early  and  late  varieties  are  not  usually 
entirely  satisfactory  unless  planted  with  intermediate  blooming 
varieties. 

Probably  the  best  combinations  of  varieties  are  those  that  bring 
together  early  and  intermediate  bloomers,  or  intermediate  and  late 
bloomers  (see  table  6),  or  all  three.  In  these  cases  the  latest  bloomer 
may  not  be  poUinated  adequately  in  all  seasons,  but  will  help  to  pol- 
linate the  rest.  To  illustrate,  figure  7  shows  that  at  Oakdale  in  1920 
the  Payne  (an  early  bloomer)  was  not  adequately  self-polHnated,  but 
would  have  been  fully  provided  for  by  the  Concord  (intermediate 
bloomer),  which  was  self -pollinated.  At  Linden  in  1925  the  Eureka 
(intermediate  blooming)  and  the  Franquette  (late  blooming)  would 
have  provided  pollen  for  all  the  pistils  of  the  Early  Blooming  Mayette 
and  the  Payne  (both  early-blooming  varieties).  In  that  year  the 
Mayette  was  almost  completely  dichogamous.  The  Franquette  in 
the  same  season  would  have  added  effectively  to  the  pollination  of  the 
San  Jose  and  the  Willson  (late-blooming  varieties).  Many  other 
illustrations  could  be  given.  The  charts  shown  as  figures  7  and  8 
are  the  best  guide  at  present  to  the  probable  effect  of  planting  the 
various  combinations  of  varieties.  The  grower  should  study  his  own 
district  particularly. 
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In  orchards  in  various  parts  of  California  combinations  of  varieties 
can  be  found  which  appear  to  have  resulted  in  great  benefit  from  a 
pollination  standpoint.  In  the  southern  California  coastal  regions 
the  Placentia  and  Santa  Barbara  during  most  seasons  receive  mutual 
benefit  when  interplanted.  In  coastal  districts  Pride  of  Ventura, 
Wasson,  Placentia,  and  Santa  Barbara  are  sometimes  found  in  the 
same  orchard,  and  in  such  orchards  pollination  is  usually  excellent. 
In  the  interior  valleys  plantings  consisting  of  any  three  of  the  four 
varieties,  Payne,  Placentia,  Concord,  and  Eureka,  result  in  great 
improvement  from  a  pollination  standpoint  over  any  one  of  the  varie- 
ties planted  singlv. 

Some  growers  have  gone  to  the  extreme  in  planting  a  large  number 
of  varieties.  One  orchard  in  the  Waterford  district  consists  of  the 
following  varieties:  El  Monte,  Pajnie,  Concord,  Eureka,  San  Jose, 
XXX  Mayette,  Meylan,  Franquette,  and  a  few  seedling  trees.  In 
this  orchard  two  or  more  varieties  are  shedding  poUen  during  the 
entire  blooming  season,  with  the  exception  perhaps  of  a  very  few  days 
at  the  beginning.  An  orchard  in  the  Modesto  district  has  the 
following  varieties:  El  Monte,  Golden  Nugget,  Concord,  Eureka, 
XXX  Mayette,  WiUson,  and  Franquette.  An  orchard  in  the  Oakdale 
district  contains  Kaghazi,  Praeparturiens,  Payne,  Concord,  Eureka, 
Marquette,  Mayette,  San  Jose,  Franquette,  Parisienne,  and  Willson 
varieties.  In  the  Santa  Clara  Valley  one  orchard  consists  of  trees  of 
Santa  Rosa,  Pajme,  and  Franquette  varieties  of  the  Persian  walnut 
and  also  several  trees  each  of  Japanese  walnut  and  Persian  walnut 
seedlings.  In  these  orchards  pollination  is  well  provided  for,  but 
more  varieties  are  included  than  should  be  necessary. 

It  must  be  remembered  that  cross-pollination  is  beneficial  not  only 
in  providing  protection  when  dichogamy  is  complete  but  in  increasing 
the  number  of  pistils  pollinated  in  seasons  when  some  degree  of  self- 
pollination  occurs.  Growers  need  not  plant  great  numbers  of  inferior 
varieties,  but  until  further  data  are  available,  it  might  be  wise  to 
plant  good  poUinizers  sparingly  as  crop  insurance  for  the  better 
varieties,^  even  though  they  do  not  necessarily  produce  high-grade 
nuts.  It  is  hoped  that  eventually  dependable  combinations  for  all 
walnut-growing  districts  can  be  listed.  In  the  meantime,  although 
ideal  combinations  for  all  seasons  and  localities  are  not  easily  arranged, 
the  following  general  recommendations  for  planting  should  be  helpful. 
First,  the  grower  should  select  the  main  variety  desired  for  his  orchard. 
He  should  next  select  at  least  one  other  which  blooms  about  the  same 
time,  and,  if  the  main  variety  is  protandrous,  one  or  two  other  that 
bloom  a  little  later.  If  there  is  a  possibility  that  the  main  variety 
may  be  protogynous  in  the  district,  he  should  plant  one  other  that 
blooms  earlier.  It  should  be  borne  in  mind  that  many  of  the  stigmas 
of  the  eariiest  variety  in  the  orchard  are  likely  to  go  unpollinated  if 
the  variety  is  protogynous  and  that  many  of  the  stigmas  of  the  latest 
variety  are  likely  to  go  unpollinated  if  that  variety  is  protandrous. 

It  appears  from  the  studies  that  great  benefit  will  result  from  proper 
provision  for  pollination  in  walnut  orchards.  The  ideal  to  be  attained, 
is  that  abundant  pollen  shall  be  available  throughout  the  period  during 
which  stigmas  of  any  of  the  varieties  are  receptive.  Such  an  arrange- 
ment will  increase  the  opportunity  for  a  heavy  set  of  nuts  without 
increasing  the  cost  of  production. 

•  The  distance  pollen  is  carried  by  the  wind  is  discussed  on  p.  44. 
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MISCELLANEOUS     POLLINATION     FACTORS     AFFECTING     THE 
SETTING  OF  NUTS 

In  previous  sections  of  this  bulletin  it  has  been  shown  that  when 
not  dichogamous,  all  of  the  walnut  varieties  studied  are  both  self- 
fertile  and  interfertile.  Such  a  condition  is  favorable  to  nut  produc- 
tion. It  has  also  been  shown  that  the  existence  of  dichogamy  often 
prevents  satisfactory  self-pollination  and  sometimes  interferes  with 
cross-pollination.  Dichogamous  tendencies  in  walnut  varieties  are, 
therefore,  unfavorable  to  nut  production.  Aside  from  self-fertility 
and  dichogamy,  the  following  important  factors  in  relation  to  pollina- 
tion determine  whether  nuts  will  set:  (1)  Viability  of  pollen;  (2) 
amount  of  pollen  produced;  (3)  efficiency  of  distribution;  (4)  length 
of  period  of  pollen  production;  (5)  number  of  pistils  produced;  (6) 
size  of  pistil  when  receiving  pollen;  and  (7)  length  of  period  of  pistil 
receptivity. 

VIABIUTY  OF  WALNUT  POLLEN 

Whether  pollination  is  accomplished  artificially  or  takes  place  by 
natural  methods,  it  is  necessary  that  some  of  the  grains  reaching  the 
stigma  be  viable  if  fertilization  of  the  ovules  is  to  take  place.  All  of 
the  pollen  specimens  used  in  artificial  pollination  work  and  many 
other  specimens  of  pollen  taken  from  trees  in  the  field  were  tested 
for  viability.  The  specimens  of  pollen  taken  from  trees  in  the  field 
were  tested  for  viability.  The  specimens  were  subjected  to  germina- 
tion tests  and  to  microscopic  examination  for  the  determination  of 
protoplasmic  contents.  Especial  attention  was  given  to  18  varieties 
of  Persian  walnut  pollen,  to  pollen  obtained  from  various  strains  of 
Hinds,  of  the  California  black  walnut,  of  the  eastern  black  walnut 
(Juglans  nigra),  and  of  the  Japanese  walnut. 

Great  variation  in  the  percentages  of  viability  of  the  pollen  was 
found  in  the  specimens  examined.  In  many  cases  it  was  exceedingly 
low,  and  microscopic  examination  showed  a  large  proportion  of  grains 
to  be  devoid  of  protoplasmic  contents.  Many  of  the  grains  appearing 
normal  failed  to  germinate.  The  percentage  of  viability  of  the  pollen 
specimens  tested  varied  from  0  to  80  percent,  the  average  JDcing  23 
percent.  While  there  was  much  variation  in  different  specimens  of 
each  variety,  some  varieties  appeared  habitually  to  produce  a  larger 
proportion  of  viable  grains  than  others.  Certain  varieties,  of  which 
the  Golden  Nugget  and  particular  trees  of  the  Santa  Barbara  type 
are  examples,  produced  a  larger  percentage  of  abnormal  grams  than 
did  the  Eureka,  Franquette,  or  XXX  Mayette.  The  viability  of 
pollen  grains  varied  with  the  season,  locality,  and  general  climatic 
condition.  The  factors  affecting  viability  are  not  well  understood, 
but  it  is  possible  that  viability  depends  in  some  way  upon  the  rapidity 
of  development  of  pollen  in  the  anthers.  It  also  appears  that  sun- 
shine is  beneficial  to  the  production  of  viable  pollen.  It  is  clear 
that  rains  and  heavy  fogs  at  the  time  pollen  grains  are  being  shed 
by  the  anthers  cause  deterioration.  Pollen  grains  after  having  once 
been  wet  are  usually  found  to  have  lost  their  viability. 

The  age  of  pollen  grains  bears  a  marked  relation  to  their  viabihty. 
In  general  it  may  be  said  that  the  older  the  grains  the  lower  the 
percentage  of  normal  grains  and  the  lower  the  viability.  After  the 
pollen  is  scattered  in  the  field  its  viability  decreases  rapidly.  It 
seems  that  under  average  field  conditions  walnut  pollen  grains  remain 


THE    PERSIAN   WALNUT   IN   CALIFORNIA  43 

viable  for  only  a  few  days  at  most  after  being  shed  from  the  anthers. 
The  period  of  viability  of  pollen  grains  may  be  considerably  prolonged 
by  storing  imder  proper  conditions.  After  experiments  had  been 
conducted  in  storing  pollen  in  a  large  number  of  ways,  it  was  found 
that  the  grains  retained  their  viability  best  when  the  pollen  was  kept 
in  glass  vials  stoppered  with  cotton  and  containing  a  small  piece  of 
catJon  to  supply  a  slight  amount  of  moisture  to  tha  air  in  the  vial. 
A  cool  dry  place  was  found  to  be  most  favorable  for  storage.  In 
many  instances  walnut  pollen  kept  in  this  manner  had  enough  viable 
grains  at  the  end  of  3  or  4  weeks  to  warrant  its  use  in  artificial  pollina- 
tion experiments.  In  some  instances,  however,  pollen  kept  under  the 
most  favorable  conditions  known  to  the  writer  was  devoid  of  viabiUty 
after  2  weeks.  When  exposed  directly  to  the  air,  the  grains  retained 
viability  for  only  a  few  days  at  most.  Many  growers  have  thought 
that  pollen  remaining  upon  the  branches  or  foliage  would  be  effica- 
cious for  a  considerable  time  in  fertilizing  the  pistils.  It  is  probable 
that  such  pollen  is  not  important  in  the  commercial  production  of  nuts, 
since  it  would  not  remain  viable  for  any  length  of  time  when  exposed 
to  the  air. 

That  the  tests  show  an  average  of  only  23  percent  of  viable  grains 
of  walnut  pollen  in  the  fresh  specimens  examined  is  significant, 
because  over  four  times  as  many  grains  must  be  distributed  to  result 
in  fertilizing  the  same  number  of  ovules  as  would  be  fertilized  if  all 
the  grains  were  normal. 

AMOUNT  OF  POLLEN  PRODUCED 

Because  the  walnut  depends  upon  wind  for  the  distribution  of 
pollen,  a  great  deal  of  waste  takes  place,  as  is  the  case  with  all  ane- 
mophilous  plants.  The  number  of  catkins  produced  by  a  variety  and 
the  quantity  of  pollen  shed  per  catkin  at  the  time  the  stigmas  are 
receptive  have  a  direct  relation  to  nut  production  and  also  determine 
the  number  of  trees  necessary  for  interplanting  among  dichogamous 
varieties.  In  order  to  arrive  at  an  estimate  of  the  quantity  of  pollen 
produced  the  catkins  were  counted  on  various  trees  and  as  much 
pollen  as  possible  was  collected  from  individual  catkins,  the  grains 
being  counted  under  the  microscope.  The  grains  were  collected  from 
the  catkins  as  follows:  Several  prepared  microscopic  slides  were 
fastened  edge  to  edge  on  heavy  cardboard,  so  as  to  make  a  continuous 
glass  surface.  This  plate  was  placed  directly  under  a  single  catkin 
and  held  horizontally  in  place  about  2  inches  below  the  catkin  by 
means  of  wire  frames  fastened  to  the  branch.  Shields  of  heavy 
manila  paper  were  placed  around  the  catkin  and  the  prepared  plate 
to  serve  as  a  protection  from  air  currents.  The  plates  were  replaced 
as  often  as  necessary  until  the  catkin  ceased  shedding  pollen.  The 
slides  were  then  separated  and  the  pollen  grains  counted  under  the 
microscope. 

Another  method  used  consisted  in  cutting  out  measured  sections  of 
catkins.  Pollen  was  shaken  out  of  these  sections  from  time  to  time 
as  drying  took  place,  and  the  number  of  grains  obtained  was  used  as 
a  basis  for  calculating  the  numbers  of  pollen  grains  produced  by  the 
entire  catkin. 

It  is  clear  that  in  each  method  some  of  the  pollen  was  lost.  Never- 
theless, it  was  found  that  single  catkins  produced  from  1,000,000  to 
4,000,000  pollen  grains. 
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Upon  some  of  the  larger  Placentia  trees  as  many  as  10,000  catkins 
were  counted  during  a  season.  Seldom  did  large  trees  produce  fewer 
than  500  catkins.  In  one  old  orchard  catkins  produced  by  single 
trees  ranged  in  number  from  1,500  to  11,000,  the  average  being 
approximately  5,000.  It  will  be  seen  that  there  was  a  probability  of 
individual  trees  in  this  orchard  producing  from  1,500,000,000  to 
40,000,000,000  pollen  grains.  One  tree  of  average  type  would,  there- 
fore, produce  enough  pollen  grains  to  pollinate  several  acres  of  walnut 
trees,  provided  all  conditions  were  perfect.  It  is  certain,  however, 
that  perfect  conditions  never  exist.  The  viability  of  pollen  is  often 
low;  many  catkins  are  commonly  destroyed  or  damaged  by  frosts, 
rains,  fogs,  insects,  or  diseases,  and  there  is  great  waste  in  the  dis- 
tribution of  pollen  grains.  Fewer  catkins  are  produced  on  young 
than  on  old  trees,  and  in  some  varieties  such  as  Parisienne  very  few 
catkins  are  produced  at  any  age. 

POLLEN  DISTRIBUTION 

Walnut  pollen  grains  are  extremely  small,  averaging  46  microns  in 
djiameter.^*^  While  other  workers  have  found  that  pollen  grains  of 
certain  species  of  coniferous  trees  have  been  carried  by  wind  for  dis- 
tances of  several  miles,  it  should  not  be  assumed  that  walnut-pollen 
grains  will  likewise  be  transported  such  distances  by  wind.  Conifer- 
ous-pollen grains  are  not  only  exceedingly  small  in  size  but  possess 
air  sacks  which  enable  them  to  float  in  the  air.  Walnut-poUen 
grains,  although  small,  have  no  air  sacks  and  therefore  settle  slowly 
to  the  ground. 

Experiments  were  conducted  during  1928  at  Linden  and  during  1929 
in  Ventura  County  to  determine  how  far  walnut  pollen  may  be  trans- 
ported by  wind.  Pollen  grains  were  collected  upon  suitably  prepared 
glass  plates  placed  at  various  distances  in  open  fields  to  the  leeward 
side  of  trees  shedding  pollen.  At  certain  intervals  the  plates  were 
coUected,  the  grains  counted,  and  the  number  per  square  miUimeter 
was  ascertained. 

The  following  are  averages  of  the  number  of  pollen  grains  distrib- 
uted per  square  millimeter  per  day  of  24  hours  in  rather  strong  wind 
when  the  pollen-shedding  season  was  at  its  height: 

Under  trees,  8. 

At  60  feet  away  from  nearest  trees,  4. 

At  a  distance  of  150  feet  from  the  nearest  trees,  2.9. 

At  a  distance  of  250  feet,  1.7. 

At  a  distance  of  500  feet,  1. 

At  a  distance  of  1,000  feet,  0.3. 

At  a  distance  of  one  half  mile,  none. 

The  surface  areas  of  receptive  stigmas  vary  from  10  to  50  square 
millimeters.  Therefore,  theoretically,  each  stigma  under  favorable 
wind  conditions  stands  a  good  chance  of  receiving  a  considerable 
number  of  pollen  grains  each  day,  even  at  a  distance  of  1,000  feet,  or 
for  a  distance  equal  to  16  or  17  rows  of  trees  as  commonly  planted  in 
walnut  orchards.  Figure  14  shows  the  number  of  pollen  grains  a 
stigma  would  theoretically  receive  at  the  distance  and  under  the  con- 
ditions described.  Beyond  a  distance  of  1,000  feet  there  is  very  small 
cliance  of  stigmas  receiving  pollen.  Furthermore,  the  trees  themselves 
obstruct  air  currents  to  a  considerable  degree.     It  is  probable  that 

»» If  placed  side  by  side,  it  would  take  550  Persian  walnut  pollen  grains  to  cover  a  distance  of  1  inch. 
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under  orchard  conditions  the  actual  number  of  grains  reaching  the 
stigmas  is  considerably  less  than  the  number  given  for  the  time 
indicated.  Since  on  an  average  only  23  percent  of  the  grains  were 
found  viable,  the  number  of  viable  grains  reaching  the  stigmas  at  the 
various  distances  would  be  approximately  one  fourth  the  number 
indicated.  It  is  probable  that  the  nonviable  grains,  which  are  often 
devoid  of  protoplasmic  contents,  being  somewhat  lighter  than  the 
viable  ones,  would  be  carried  to  a  greater  distance  ttian  the  viable 
grains,  so  that  the  percentage  of  viable  grains  received  by  the  stigma 
would  decrease  with  the  distance. 

It  is  safe  to  conclude  that  when  the  wind  is  favorable  walnut-pollen 
grains  will  be  carried  very  effectively  across  several  rows  of  trees  at 
conunon  planting  distances,  and  it  appears  that  in  some  cases  pollen 
will  be  carried  across  15  rows  or  more  in  sufficient  quantity  to  result 
ill  satisfactory  polUnation.     PoUinizers  need  not  constitute  a  large 
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FiGTTRE  14.— Diagram  illustrating  the  number  of  pollen  grains  stigmas  of  the  size  indicated  would  receive  in 
24  hours  under  conditions  given  in  the  discussion.  Each  dot  represents  a  pollen  grain  (the  dots  are  neces- 
sarily larger  than  pollen  grains):  A,  Pistil  in  lower  branches  of  tree  would  receive  192  pollen  grains;  B, 
pistil  to  the  leeward  60  feet  would  receive  96  pollen  grains;  C,  pistil  150  feet  to  the  leeward  would  receive 
69  pollen  grains;  J>,  pistil  250  feet  away  would  receive  30  pollen  grains;  E,  pistil  500  feet  away  would 
receive  24  pollen  grams;  F,  pistil  1,000  feet  away  would  receive  7  pollen  grains;  G,  pistil  one  half  mile 
away  would  receive  no  pollen  grains. 

percentage  of  the  orchard  if  placed  at  suitable  intervals  to  the  wind- 
ward side  of  the  trees  for  which  pollination  is  desired.  If  5  percent 
of  the  trees  in  an  orchard  consist  of  pollinizers  judiciously  placed, 
no  tree  to  be  cross-pollinated  will  be  more  than  three  rows  away  from 
the  source  of  pollen.  Even  if  the  grower  desires  to  keep  the  varieties 
in  solid  rows  for  convenience  in  harvesting,  the  bulk  of  the  orchard 
can  consist  of  any  variety  desired.  Effective  results  also  may  be  ob- 
tained by  grafting  over  certain  branches  with  a  variety  suitable  as  a 
pollinizer.  The  chief  disadvantage  of  this  method  lies  in  the  care  and 
labor  required  to  separate  the  nuts  of  the  different  varieties  at  harvest 
time,  wMch  must  be  done  unless  the  pollinizer  is  such  that  it  produces 
nuts  similar  to  those  borne  by  the  rest  of  the  tree.  It  is  possible  that 
in  some  of  the  types  being  studied  for  pollinizers  the  nuts  may  ripen 
at  a  different  time  from  the  main  crop,  and  some  of  the  annoyance  of 
separating  the  nuts  may  be  avoided  by  harvesting  the  regular  crop 
and  the  nuts  from  the  pollinizer  trees  at  different  times. 
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PERIOD  OF  POLLEN  SHEDDING 

Since  the  pistils  on  a  tree  do  not  all  develop  at  the  same  time,  the 
period  during  which  pollen  is  shed  is  very  important  as  affecting  the 
probability  of  the  pistils  receiving  pollen  at  the  time  the  stigmas  are 
receptive. 

In  order  to  find  how  long  a  single  catldn  produces  pollen,  a  great 
many  individual  catkins  were  tagged  and  records  kept  of  the  dehis- 
cence of  the  anthers.  In  cool  weather,  such  as  prevailed  at  Ventura 
during  parts  of  the  blossoming  season  of  the  Placentia  in  1928,  indi- 
vidual catkins  produced  pollen  for  as  many  as  5  or  6  days.  During 
the  moderately  warm  weather  which  prevailed  at  Ventura  through- 
out much  of  the  blooming  season  of  1929  individual  catkins  seldom 
produced  pollen  for  longer  than  3  days,  and  most  of  the  pollen  was 
shed  in  1  or  2  days.  In  the  interior  valleys  of  California  during  hot 
sunny  weather  individual  catkins  are  often  limited  in  pollen  produc- 
tion to  1  day. 

The  actual  length  of  the  pollen-shedding  period  is  determined  not 
so  much  by  the  length  of  the  period  during  which  pollen  is  produced 
by  individual  catkins  as  it  is  by  the  extreme  range  of  blooming  dates 
of  different  catkins  on  the  trees.  The  actual  length  of  periods  of 
pollen  production  with  the  various  walnut  varieties  in  various  seasons 
and  localities  is  shown  in  figures  7  and  8.  Besides  the  lack  of  overlap- 
ping of  the  periods  of  pollen  production  and  pistil  development,  as 
discussed  under  dichogamy,  various  other  conditions  are  often  unfa- 
vorable to  long  periods  of  pollen  production.  Hot,  dry,  sunny  weather 
brings  about  rapid  catkin  development  and  causes  all  the  catkins 
to  shed  pollen  more  nearly  at  the  same  time  than  otherwise.  Not 
only  is  protandry  increased  in  seasons  when  such  weather  is  prevalent 
but  the  period  of  pollen  production  is  shortened.  In  some  seasons 
one  or  more  nights  of  frosty  weather  cause  partly  matured  catldns 
(which  are  highly  sensitive  to  frost)  to  drop.  There  have  been  in- 
stances when  practically  every  catkin  has  been  destroyed  by  frosts, 
as  was  the  case  with  the  Payne  in  certain  sections  during  the  spring 
of  1929.  Even  should  some  of  the  later  catldns  be  spared,  frost  may 
greatly  reduce  the  period  of  pollen  production.  Moderate  winds  are 
favorable  to  pollen  distribution,  but  strong  winds  tend  to  loosen  well- 
developed  catkins  from  the  tree,  causing  them  to  drop.  In  damp 
weather  molds  and  other  diseases  sometimes  destroy  the  flowers  in  the 
developing  catkins,  thus  preventing  pollen  grains  from  maturing. 
Even  when  molds  or  diseases  are  not  present,  rains  or  fogs  destroy 
pollen  grains  matured  by  the  catkins.  Bees  gather  great  quantities  of 
pollen  from  the  walnut.  Other  insects,  including  several  types  of 
beetles  and  flies,  feed  upon  walnut  pollen.  Such  insects,  when  num- 
erous, consume  considerable  quantities  of  pollen. 

Collectively  these  agencies  play  a  more  or  less  important  role  in 
reducing  the  number  of  pollen  grains  or  in  destroying  the  catkins, 
thus  shortening  the  period  of  pollen  production  and  decreasing  the 
probability  of  pollination  taking  place,  often  to  such  an  extent  as 
to  affect  the  commercial  crop  appreciably. 

QUANTITY  OF  PISTILS  PRODUCED 

Regardless  of  how  satisfactory  all  other  pollination  factors  may 
be,  heavy  crops  of  walnuts  cannot  be  produced  unless  a  large  number 
of  pistils  develop.     Some  varieties,  such  as  the  Payne,  are  precocious 
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bearers  of  pistils  wlien  yoiinp:,  but  tend  to  produce  too  few  pistils 
on  old  trees,  and  must  be  pruned  to  encourage  vegetative  growth 
of  a  type  which  produces  pistillate  flowers  at  the  terminals  of  the 
shoots.  The  Franquette  and  some  other  varieties  produce  few 
pistils  when  the  tree  is  young  and  more  as  the  tree  gets  older.  In 
general,  it  may  be  said  that  the  older  the  tree  the  larger  the  number 
of  pistillate  flowers.  Certain  varieties,  including  the  Concord, 
Eureka,  San  Jose,  Placentia,  El  Monte,  and  most  trees  of  the  Santa 
Barbara  type  tend  to  produce  pistillate  flowers  in  especially  large 
quantities.  Counts  made  upon  moderately  old  trees  of  the  Placentia 
variety  during  one  season  showed  3,000  to  8,000  pistillate  flowers 
per  tree.  Other  factors  in  addition  to  age  of  tree  affect  the  number 
of  pistillate  flowers  borne.  Wlienever  vegetative  growth  is  not 
plentiful  for  any  reason,  the  number  of  pistillate  flowers  borne  per 
tree  is  usually  small.  Often  trees  lacking  in  vigor  produce  few 
pistillate  flowers.  As  a  general  rule,  walnut  trees  over  12  years  of 
age  produce  enough  pistillate  flowers  to  permit  of  good  crops  under 
favorable  conditions. 

SIZE  OF  STIGMA  MOST  SUITABLE  FOR  POLUNATION 

During  the  progress  of  the  experiments  it  was  found  important 
to  ascertain  at  what  stage  the  stigma  of  the  walnut  is  most  receptive. 
Pollen  was  excluded  from  the  pistillate  flowers  by  methods  alreadv 
described  (p.  5).  At  the  proper  time  various  stigmas  were  hand- 
pollinated,  and  each  one  was  tagged  and  recorded  according  to  the 
following  six  sizes:  (1)  Very  immature  pistils  wdth  stigmas  showing 
division,   but  not  having  the  inner  surfaces  separated;   (2)  pistils 


Figure  15.— Walnut  pistils  showing  relative  receptivity  of  slijinuis:  A,  Very  iiiiinature  stijiiuas;  H,  simUl 
stigmas  with  inner  surfaces  visible;  C,  medium-sized  pistil  with  stigmatic  surfaces  well  developed;  .0, 
large  stigmas  fully  developed;  E,  very  mature  stigmas  just  before  stigmatic  fluid  ceases  to  be  produced; 
F,  stigmas  with  glandular  surfaces  partly  dried.  E.xperiments  showed  that  stigmas  at  the  stages  in«li- 
cated  by  C  and  D  are  in  the  best  condition  to  receive  pollen.  The  stages  represented  by  A  and  F  tre 
unsatisfactory  for  pollination  purposes.    (See  also  fig.  16.) 

with  small  stigmas  having  the  inner  surfaces  visible,  but  with  the 
rough  or  papillate  surfaces  only  slightly  developed;  (3)  pistils  medium 
in  size  with  the  stigmatic  lobes  and  glandular  portion  of  the  surfaces 
well  developed;  (4)  pistils  quite  large,  with  stigmas  fully  developed 
in  every  respect  and  usually  with  stigmatic  fluids  present  when 
pollinated;  (5)  stigmas  very  large,  just  before  the  stigmatic  surfaces 
begin  to  dry  (at  this  stage  secretions  upon  the  surface  are  not  usually 
visible);  (6)  pistils  possessing  stigmas  with  the  glandular  surfaces 
partly  dried.     The  different  sizes  are  shown  in  figure   15.     After 
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each  pollination  was  made  the  pistils  were  again  protected  in  the 
customary  manner  from  further  pollination  by  natural  methods. 

No  attempt  was  made  to  select  an  equal  number  of  pistils  of  each 
of  the  six  sizes.  The  pistils  were  taken  as  they  came  and  the  size 
of  each  recorded  and  segregated.  In  this  way  all  sizes  of  pistils 
were  recorded  on  all  portions  of  the  tree  and  upon  each  branch. 
The  percentage  of  the  matured  nuts  resulting  from  each  size  of  the 
pollinated  stigmas  was  taken  for  comparison.  A  summary  of  the 
results  according  to  the  sizes  of  the  pistils  is  shown  in  figure  16. 

It  will  be  seen  that  the  liighest  percentage  of  nuts  resulted  from 
the  application  of  pollen  to  stigmas  of  from  medium  to  large  size; 
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Figure  16.— Percentage  of  pistils  maturing  nuts  as  a  result  of  the  pollination  of  stigmas  of  the  sizes  shown. 
The  stage  of  development  of  the  pistils  when  pollinated  is  indicated  by  the  letter  A,  B,  C,  D,  E,  or  F, 
as  explained  in  figure  15,  and  by  the  accompanying  illustration. 

that  is,  to  stigmas  mature  in  all  respects  and  at  a  time  when  the 
stigmatic  fluid  was  being  secreted  by  the  glandular  portion  of  the 
surfaces.  Pollen  applied  to  very  mature  stigmas  in  which  the 
glandular  portions  were  ceasing  to  secrete  fluid  caused  a  smaller 
set  of  nuts  than  when  applied  to  stigmas  somewhat  younger.  After 
the  glandular  portion  dries,  the  application  of  pollen  results  in  prac- 
tically no  set  of  nuts.  When  stigmas  more  or  less  immature,  as 
indicated  by  A  and  jB,  are  pollinated  the  percentage  of  nuts  pro- 
duced is  much  lower  than  when  pollen  is  applied  to  pistils  of  the 
sizes  indicated  by  C  and  D.  Individual  walnut  stigmas  usually 
remain  receptive  for  a  period  of  several  days,  the  length  of  time 
depending  largely  upon  the  weather. 
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PARTHENOGENESIS 

It  was  found  that  in  sonic  N.-iiidics  of  the  I^M•sian  walnut  a  small 
j)(M('(Mitage  of  the  i)istils  dcxclopcd  into  fruit  by  parthenogenesis, 
i.e.,  fruit  formed  without  pollination.  The  matter  will  not  be  fully 
discussed  inasmuch  as  additional  experiments  must  be  conducted 
before  dependable  conclusions  can  be  drawn.  As  yet  it  is  not  known 
wliat  form  of  parthenogenesis  exists  in  the  walnut.  In  certain 
experiments  both  normal  and  abnormal  nuts  were  produced  by 
parthenogenesis.  In  some  cases  the  kernels  of  such  nuts  were  normal 
in  appearance;  in  others  the  shells  enclosed  no  kernels  or  the  kernels 
were  imperfectly  formed.  Figure  17  shows  both  abnormal  and  normal 
nuts    produced    by    parthonoL^ciK^sis    under    controlled    conditions. 

Evidence  seems  to 
show  that  partheno- 
genetic  and  partheno- 
carpic  development  of 
walnuts  has  sometimes 
taken  place  to  a  con- 
siderable extent  in 
commercial  orchards. 
In  several  instances 
orchards  of  single  va- 
rieties (planted  in  sohd 
blocks)  long  distances 
from  other  varieties 
have  produced  some 
fruit  from  pistils  de- 
veloping after  frosts 
had  destroyed  the 
catldns.  A  striking 
illustration  of  this  oc- 
curred in  1929,  in 
which  freezing  weather 
destroyed  all  pistils 
and  catkins  upon 
Payne  trees.  Pistils 
were  produced  a 
second  time  upon  the  new  growth,  following  the  freeze,  but  no  catkins 
developed.  Tliis  second  production  of  pistils  was  completely  destroyed 
by  a  second  freeze.  A  tliird  crop  of  pistils  was  produced  later,  and 
some  of  these,  without  any  possible  chance  of  having  received  pollen, 
developed  nuts.  The  percentage  of  set  was  small,  but  the  total 
number  of  nuts  produced  was  sufficient  to  warrant  harvesting. 


Figure  17. 


Payne  walnuts  produced  parthenosienetically:  A,  Ab- 
normal nuts;  B,  normal  nuts. 


ABNORMAL  NUTS 

Abnormal  nuts  are  often  produced  in  sufficient  quantity  to  be 
detrimental  to  the  commercial  crop.  Some  of  these  abnormalities 
are,  no  doubt,  due  to  conditions  independent  of  polhnation,  but  it 
appears  that  some  of  them  may  be  due  to  secondary  effects  of  polli- 
nation. Further  experiments  will  be  necessary  before  it  can  be 
definitely  stated  what  the  secondary  effects  of  pollen  are  upon  the 
shape  of  the  nut,  the  smoothness  and  quaUty  of  the  shell,  the 
peculiarities  of  kernel  development,  and  the  types  of  the  sutures  and 
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partitions.  With  the  exception  of  a  small  amount  of  work  done 
during  a  single  season,  the  only  data  available  on  tliis  matter  were 
collected  under  field  conditions  in  wliicli  a  variety  was  likely  to  receive 
different  varieties  of  pollen  in  different  portions  of  the  orchard. 

Occasional  variations  and  abnormahties  occur  in  the  inflorescence 
of  the  walnut.  A  strildng  abnormality  is  shown  in  figure  18.  It 
will  be  noticed  that  here  the  catkins  have  become  greatly  modified. 
Certain  portions  of  the  catkins  instead  of  developing  staminate 
flowers  produced  pistils.  Many  times  these  freak  catkins  develop 
abnormally  shaped  pistils.  At  other  times  they  bear  normal  pistils. 
They  may  also  bear  both  stamens  and  pistils,  as  shown  in  figure  18, 
A  and  C.  Modified  catkins  of  these  types  have  been  found  varying 
in  length  from  an  inch  to  over  a  foot.  The  abnormal  or  modified 
catkins  often  bear  nuts  when  the  pistils  are  pollinated.  The  nuts 
produced  vary  in  size  from  that  of  a  small  pea  to  an  inch  or  more  in 


Figure  18. — Abnormalities  in  the  development  of  catkins,  A  and  C showing  modification  of  flowers  to  a 
varying  extent  proceeding  from  the  tip  upward.  At  a  is  a  mass  of  stamens  of  abnormal  sizes  and  shapes. 
At  b,  instead  of  staminate  blossoms,  there  are  imperfectly  formed  pistils,  and  at  c  are  perfect  pistils.  B, 
Nuts  set  as  a  result  of  pollination  of  the  pistils  of  an  abnormal  catkin.  The  nutlets  shown  in  the  illus- 
tration were  about  three  fourths  inch  in  diameter  and  were  perfect  in  every  way,  including  hull,  shell, 
and  kernels. 

diameter.  Often  such  nuts  borne  upon  the  axis  of  the  modified 
catkin  are  uniform  in  size  and  may  or  may  not  be  normal.  The  nutlets 
shown  in  figure  IS,  B,  were  about  three  fourths  inch  in  diameter  and 
were  perfect  in  every  way. 

LIST  OF  VARIETIES 


Because  there  is  much  confusion  regarding  the  names  of  certain 
of  the  walnut  varieties  grown  in  California,  the  following  brief  state- 
ments are  made  relative  to  varieties  mentioned  in  this  bulletin: 

Concord. — About  1890,  Felix  Gillet,  of  Nevada  City,  Calif.,  distributed  some 
seedling  trees  which  he  had  originated.  Smith  (10)  states  that  one  of  these 
trees  planted  on  the  ranch  of  George  Westcott  in  Concord  served  as  the  original 
source  of  bud  wood  of  the  Concord  variety.  Many  of  the  native  black  walnut 
trees  in  Contra  Costa  County  were  grafted  to  this  variety,  which  received  its 
name  from  the  locality  in  which  it  was  first  grown  extensively.     According  to 
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Wickson  (14)f  Leonard  Coates  lx»gan  to  distribute  trees  of  the  variety  from  his 
mirsery  in  19()8.  It  has  Ix'en  widely  distributed  throughout  northern  and  central 
California. 

Ehrhardl. — The  Khrhard  tvariety  originated  from  a  Santa  Barbara  seedling. 
Trees  of  the  variety  were  first  grown  in  quantity  by  V.  E.  Khrhardt,  of  Santa 
Ana.  It  is  now  widely  distributed,  especially  in  southern  California.  The 
acreage  at  present  is  not  large. 

FA  Monle. — A  Santa  Barbara  seedling  tree  on  the  Richards  place  near  El  Monte, 
Calif.,  was  found  to  possess  certain  desirable  qualities  and  to  differ  somewhat  from 
the  typical  Santa  Barbara  trees.  Trees  propagated  from  this  seedling  were 
distributed  to  a  considerable  extent  in  southern  California,  and  the  variety  was 
named  El  Monte  from  the  locality  in  which  it  originated.  Mr.  Richards  took  the 
variety  to  Fallon,  Calif.,  and  from  there  it  was  distributed  to  the  Modesto  district 
and  to  various  other  points  in  northern  and  central  California  by  J.  A.  Cover. 
While  the  total  acreage  of  this  variety  is  not  large  when  compared  with  that  of 
the  leading  varieties,  it  is  widely  distributed  and  the  total  yield  amounts  to  a 
considerable  tonnage. 

Eureka. — The  Eureka  variety  originated  as  a  seedling  tree  at  Fullerton,  Calif. 
It  is  widely  distributed  throughout  the  State  and  has  been  especially  popular  in 
the  interior  valleys. 

Franquette. — The  Franquette  variety  originated  in  France.  According  to  the 
records  of  Felix  Gillet,  he  introduced  the  variety  in  California  as  early  as  1871. 
The  Emily  Vrooman  orchard  at  Santa  Rosa  was  probably  the  first  in  which  the 
variety  was  grown  on  a  commercial  scale.  From  the  Vrooman  ranch  it  was 
distributed  throughout  the  State.  It  appears,  however,  that  other  varieties  of 
walnuts  were  introduced  from  France  and  were  planted  by  growers  who  believed 
they  were  getting  the  true  Franquette.  It  also  seems  that  some  California  seed- 
lings were  erroneously  thought  to  be  Franquette.  Scions  from  such  seedlings 
were  distributed  to  various  orchards.  These  facts,  no  doubt,  account  for  some 
of  the  variations  in  the  so-called  Franquette  types.  However,  most  of  the 
Franquette  orchards  in  California  consist  of  trees  true  to  the  variety,  and  they 
are  often  called  "Vrooman  Franquette."  It  is  this  variety  to  which  the  name 
** Franquette"  is  applied  in  this  bulletin. 

Frostfighier. — The  Frostfighter  is  a  hybrid  nut  originated  and  named  by  Frank 
Leib,  of  San  Jose.  Although  the  nut  is  of  no  value  commercially,  the  tree  appears 
to  be  of  considerable  promise  for  pollinating  the  Franquette  and  other  late-bloom- 
ing varieties.  From  a  few  years'  observation  in  the  San  Jose  district,  it  has  been 
found  that  the  blooming  period  of  the  catkins  extends  over  a  long  time,  covering 
the  entire  period  of  pistillate  bloom  of  the  Franquette.  Pollen  is  produced  in 
abundance.  The  nuts  appear  to  ripen  somewhat  later  than  those  of  the  Franquette, 
which  helps  to  prevent  their  being  mixed  during  harvesting. 

Golden  Nugget. — The  Golden  Nugget  variety  originated  from  heavy-bearing 
Santa  Barbara  trees  grown  on  the  Charles  Sanderson  ranch  at  Whittier.  J.  A. 
Cover  introduced  the  variety  to  central  California,  propagating  and  testing  it  on 
his  ranches  at  Modesto.     The  variety  is  not  extensively  planted. 

Grove. — The  original  tree  of  the  Grove  variety  was  a  seedling  growing  at  the 
L.  E.  Grove  home  in  the  Santa  Clara  Valley.  Exclusive  right  to  propagate  the 
variety  was  purchased  by  W.  C.  Anderson  about  1912.  The  variety  was  first 
grown  extensively  in  the  Anderson  orchards  at  Linden  and  has  been  planted 
elsewhere  in  the  district.  It  is  a  comparatively  new  variety  and  has  not  been 
tested  thoroughly  in  all  the  walnut  districts  in  California. 

Hinds. — The  name  Hinds  is  given  to  the  northern  California  black  walnut 
{Juglans  hindsi)  by  the  American  Joint  Committee  on  Horticultural  Nomen- 
clature (5). 

Kaghazi  (Persian). — In  addition  to  being  used  as  the  generic  name  for  all 
varieties  of  Juglans  regia,  the  name  Persian  is  applied  in  California  to  the  Kaghazi 
variety.  There  is  some  doubt  as  to  its  exact  origin.  In  an  anonymous  article 
in  the  Pacific  Rural  Press  (/)  the  following  statements  are  made:  "  *  *  *  the 
late  James  Shinn,  of  Niles,  secured  in  some  way  a  nut  from  the  real  home  of 
Juglans  regia  in  Persia,  and  he  called  it  the  'Persian  walnut,'  using  also  a  species 
name  which  was  in  some  way  connected  with  it,  to  wit, 'Kaghazi.'  *  *  *  The 
late  Mr.  Shinn  was  not  the  only  distributor  of  the  Kaghazi.  *  *  *  W.  P. 
Hammon  *  *  *  took  a  hand  in  distributing  it  when  he  was  a  nurseryman 
in  the  eighties.  The  nut  was  also  sent  out  as  a  complimentary  premium  to  sub- 
scribers of  the  San  Francisco  Bulletin  under  the  direction  of  Mr.  G.  P.  Rixford, 
and  of  these  Mr.  Hildebrand  received  two,  from  one  of  which  grew  the  splendid 
tree  shown  in  the  picture  on  this  page."     The  photograph  referred  to  was  sent  to 
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the  Pacific  Rural  Press  by  D.  W.  Miller,  of  Linden,  and  shows  the  large  Persian 
tree  growing  on  the  old  Hildebrand  place,  a  few  miles  above  Linden,  on  the  south 
fork  of  the  Calaveras  River. 

E.  R.  Lake  {8,  p.  44)  states:  "Nuts  obtained  through  the  American  consul  in 
Persia  were  planted  by  Mr,  Meek,  of  Hayward,  Cal.,  and  from  these  were  pro- 
duced two  trees,  the  nuts  of  which  were  deemed  especially  meritorious.  To  these 
trees  was  given  the  name  Kaghazi."  Lake  mentions  further  Kaghazi  trees 
grown  near  Goleta. 

Ralph  E.  Smith,  in  discussing  the  variety,  states  that  "it  is  a  fairly  distinct 
variety",  and  substantiates  the  opinion  that  it  was  introduced  by  William  Meek. 

It  seems  apparent  that  the  variety  originated  on  the  Meek  ranch  at  Hayward 
and  was  obtained  from  there  by  James  Shinn,  who,  among  others,  distributed  it 
extensively.  Much  confusion  probably  arose  through  the  seedling  trees  resulting 
from  the  planting  of  nuts  from  Kaghazi  trees.  At  any  rate,  at  one  time  the  variety 
was  widely  distributed  over  California,  and  it  is  still  found  in  many  sections. 

Lucretia. — The  Lucretia  variety  was  originated  by  L.  E.  Grove  and  is  of  interest 
because  of  its  apparent  suitability  as  a  poUinizer  for  the  Payne  and  other  early- 
blooming  varieties.  The  nut  seems  to  be  of  rather  good  quality,  but  is  said  by 
some  to  be  subject  to  molding  in  certain  California  climates.  The  variety  is 
comparatively  new  and  as  yet  has  not  been  tested  extensively.  The  first  com- 
mercial planting  was  made  in  the  Anderson  and  in  the  Miller  orchards  at  Linden. 
It  has  been  distributed  to  a  large  number  of  the  California  walnut-growing 
districts  for  trial,  but  it  mil  be  several  years  before  it  can  be  stated  whether  the 
variety  is  commerciallj^  suitable  or  not  for  the  various  localities. 

Mayette  {Grenoble). — Early  in  the  history  of  walnut  development  in  California 
Mayette  trees  or  scions  were  imported  from  France  by  Felix  Gillet,  of  Nevada 
City,  by  Judge  S.  F.  Leib,  of  San  Jose,  and  probably  by  John  Rock,  of  Niles,  and 
others.  Many  growers  in  California  planted  Mayette  trees  originating  from  these 
sources.  Tribble  Bros.,  of  Elk  Grove;  G.  P.  Rixfora,  of  San  Francisco;  and,  to 
a  less  extent,  A.  T.  Hatch,  of  Suisun  City,  were  among  the  early  distributors  of 
Mayette  trees.  Eventually  it  became  customary  in  California  to  apply  the  term 
"Mayette"  to  any  seedling  tree  producing  nuts  of  an  oblong,  round,  or  ovate 
shape  even  remotely  resembling  the  Mayette.  Furthermore,  the  name  was  used 
with  descriptive  terms  to  designate  various  types  of  seedlings.  As  time  went  on 
there  came  to  be  much  confusion  as  to  what  constituted  the  Mayette  walnut. 
The  loose  use  of  the  term  has  continued  until  the  name  Mayette  is  used  to  desig- 
nate any  type  of  nut  which  can  be  disposed  of  in  the  markets  under  that  name. 
According  to  Felix  Gillet,  the  terms  Mayette  and  Grenoble  are  synonymous.  In 
this  bulletin  the  term  Mayette  is  used  to  designate  the  late-blooming  Mayette  or 
Grenoble  variety,  and  Early  Blooming  Mayette  is  applied  to  a  strain  of  Mayette 
originally  introduced  from  France  producing  nuts  resembling  the  true  Mayette  in 
character  but  possessing  a  different  blooming  habit.  All  other  types  resembling  the 
Mayette  have  been  eliminated  from  the  experiments  as  soon  as  discovered  and  are 
not  mentioned  in  this  bulletin. 

XXX  Mayette. — The  "triple  X"  Mayette  is  a  seedling  that  originally  came  from 
Felix  Gillet,  of  Nevada  City.  J.  A.  Cover  obtained  scion  wood  of  the  variety  from 
the  Morrow  ranch  in  the  Santa  Clara  Valley.  Mr.  Cover  named  the  nut  "XXX 
Mayette"  and  propagated  it  on  his  ranch  near  Modesto.  Because  the  nuts 
were  apparently  resistant  to  sunburn  and  possessed  attractive  light-colored  kernels 
Mr.  Cover  distributed  the  variety  to  various  places  in  central  California,  where  it 
is  now  grown  on  a  commercial  scale.  Smaller  plantings  and  occasional  trees  of  the 
variety  are  scattered  throughout  the  State.  Mr.  Cover  states  that  trees  of  this 
variety  do  not  average  as  heavy  crops  as  is  the  case  in  some  of  the  other  heavy- 
bearing  varieties. 

Meylan. — This  variety  was  introduced  into  California  by  Felix  Gillet,  of 
Nevada  City.  Although  the  nut  is  of  excellent  quality,  few  extensive  commer- 
cial orchards  of  the  variety  are  in  existence  in  California.  This  is  doubtless  due 
to  its  light  bearing  habit.  The  variety  has  been  widely  scattered  over  California, 
and  a  few  trees  here  and  there  can  be  located  in  each  walnut-growing  section. 

Parisienne. — The  Parisienne  variety  was  first  introduced  into  California  from 
southeastern  France  by  Felix  Gillet,  of  Nevada  City,  Later  John  Rock,  G.  H. 
Kerr  {11),  and  others  seem  to  have  imported  the  variety.  One  of  the  first  com- 
mercial plantings  of  Parisienne  trees  was  made  by  A.  T.  Hatch,  of  Suisun  City, 
on  one  of  his  ranches  in  northern  California.  Some  of  these  original  trees  are 
still  standing  at  East  Biggs.  A  considerable  number  of  trees  of  the  variety  can 
be  found  in  various  parts  of  California. 
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Payne. — The  Payne  variety  originated  from  a  seedling  tree  grown  upon  the 
Payne  ranch,  near  Campbell,  Calif.  George  P.  Payne  brought  the  variety  into 
bearing  on  a  commercial  scale  in  his  own  orchard.  It  has  been  distributed  to 
practically  all  the  walnut-growing  districts  in  California,  but  the  largest  commer- 
cial plantings  of  the  variety  are  found  in  central  and  northern  California. 

Placentia  {Placentia  Perfection). — The  Placentia  variety  originated  at  Placentia, 
Calif.  It  is  one  of  the  most  extensively  grown  and  commercially  important 
varieties  in  southern  California  and  has  been  tested  in  practically  every  walnut 
district  in  tlie  State.  The  Placentia  nuts  constitute  the  bulk  of  those  sold  in 
the  market  under  the  term  "budded ".  There  are  several  types  of  walnuts  called 
Placentia.  L.  D.  Batchelor  (4)  calls  attention  to  four  of  these  types.  If  the 
blossoms  and  characteristics  of  the  foliage  are  taken  into  account,  as  well  as  the 
characteristics  of  the  nut,  it  appears  that  there  may  be  even  more  types  of  seed- 
lings known  as  Placentia.  One  of  these  types,  however,  constitutes  most  of 
the  acreage  in  California,  and  it  is  to  this  "strain"  that  the  name  Placentia  is 
here  given. 

Praeparturiens  (Fertile) . — According  to  Felix  Gillet,  the  Praeparturiens  variety 
originated  in  France  in  1828.  He  introduced  it  into  California  during  1870  and 
1871.  At  one  time  it  was  grown  extensively  in  central  and  northern  California. 
It  is  also  found  to  a  less  extent  in  other  walnut-growing  sections  of  the  State.  Mr. 
Gillet  propagated  seedlings  of  second  and  third  generations  of  this  variety,  and 
these  were  distributed  to  various  sections  of  California.  Mr.  Gillet  held  the 
opinion  that  the  second-generation  seedling  trees  were  superior  to  the  original 
Praeparturiens.  The  data  given  in  this  bulletin  apply  to  the  original  Praepartu- 
riens and  not  to  the  seedlings. 

Pride  of  Ventura. — The  Pride  of  Ventura  variety  is  entirely  different  from  the 
Pride  of  Oregon,  though  both  are  often  referred  to  as  "Pride."  The  Pride  of 
Ventura  originated  as  a  seedling  tree  in  a  grove  of  Santa  Barbara  trees  on  the 
ranch  of  E.  0.  Tucker,  near  Ventura,  Calif.  It  is  not  to  be  confused  with  Tucker's 
Pride,  of  which  there  are  a  few  trees  in  northern  California.  Pride  of  Ventura 
has  been  planted  commercially  to  a  limited  extent,  mainly  in  Ventura  County. 

San  Jose  (San  Jose  Mayetle,  Wiltz,  and  Wiltz  Mayette) . — Felix  Gillet,  of  Nevada 
City,  Calif.,  planted  seeds  from  the  Mayette  trees  he  had  imported  from  France. 
Out  of  the  first  seedlings  resulting  he  selected  several  of  the  better  ones.  From  one 
of  these  R.  Wiltz,  of  San  Jose,  established  a  commercial  orchard  and  was  respon- 
sible for  introducing  the  variety,  which  was  called  San  Jose,  San  Jose  Mayette, 
Wiltz,  or  Wiltz  Mayette.  The  name  by  which  the  variety  is  known  depends 
somewhat  on  the  district  in  which  it  is  grown.  Although  grown  mainly  in  the 
Santa  Clara  Valley  and  in  central  California,  occasional  smaller  plantings  are 
found  in  various  other  California  localities.  The  San  Jose  is  distinct  from  the 
Mayette  or  Grenoble  variety,  but  is  sometimes  confused  with  the  various  Mayette 
types. 

Santa  Barbara  (Santa  Barbara  Soft  Shell) . — The  Santa  Barbara  trees,  grown  so 
extensively  in  southern  California,  originated  as  selected  seedlings  from  the  ranch 
of  Joseph  Sexton  at  Goleta.  Practically  all  the  early  plantings  in  southern 
California  consisted  of  trees  originating  in  this  manner.  Although  the  types  of 
trees  vary  to  some  extent,  it  is  rather  remarkable  how  similar  in  appearance  the 
nuts  were  from  the  early  plantings.  There  is  now  much  variation  in  the  seedling 
trees.  The  widest  variation  appears  to  occur  in  seedlings  planted  since  the  Sextons 
distributed  trees.  In  this  bulletin  the  data  are  confined  to  typical  trees  that  origi- 
nated from  the  Sexton  ranch,  so  far  as  can  be  determined. 

Santa  Rosa. — Luther  Burbank  originated  a  seedling  tree  and  distributed  it 
under  the  name  Santa  Rosa.  According  to  Wickson  (14)  the  name  was  also 
applied  to  several  inferior  seedlings.  At  present  it  appears  that  most  trees  called 
by  the  name  Santa  Rosa  are  the  same  as  the  original  in  quality  of  nut  and  bloom- 
ing habit. 

Wasson. — The  Wasson  variety  originated  from  a  seedling  Santa  Barbara  tree 
near  Saticoy.  The  original  tree  is  still  standing.  The  variety  was  first  distrib- 
uted in  Ventura  County.  Most  of  the  Wasson  trees  are  found  in  southern 
California. 

Willson  (Willson  Wonder). — There  is  much  confusion  in  regard  to  trees  of  the 
Bijou  type  found  in  California  under  the  names  Acme,  Alpine,  Bijou,  Calavette, 
Gant,  Gibbons,  Jauge,  Klondike,  Mammoth,  Payou,  and  Willson.  In  this 
bulletin  a  grouping  under  two  divisions  has  been  followed,  the  rather  late-blooming 
types  being  called  "Willson"  and  the  early  bloomers  being  listed  as  "Bijou." 
Much  study  is  necessary  before  trees  of  this  type  in  different  orchards  can  be 
placed  under  the  correct  variety  names  with  certainty. 
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SUMMARY 

All  walnut  varieties  tested  were  found  to  be  self-fertile  and  inter- 
fertile  and  capable  of  setting  a  satisfactory  crop  of  nuts  either  with 
their  own  pollen  or  with  that  of  other  varieties,  provided  pollen  was 
available  when  the  stigmas  were  receptive.  Certain  combinations 
appeared  to  give  especially  high  percentages  of  set,  but  in  all  cases 
tested  the  results  suggest  that  the  varieties  will  give  satisfactory 
commercial  crops  whether  selfed  or  crossed  in  any  combination  if 
other  conditions  are  favorable  for  pollination  and  crop  production. 
No  advantage  was  apparent  in  cross-pollination  over  self-pollination, 
though  further  study  should  be  made  of  the  quality  of  nuts  produced. 

The  17  varieties  of  Persian  walnut  studied  were  all  found  to  have 
dichogamous  tendencies.  Of  these,  13  were  found  to  be  practically  or 
completely  dichogamous  in  some  seasons  and  places;  self-pollination 
therefore  could  not  take  place.  In  78  out  of  200  averages  for  given 
varieties,  districts,  and  seasons,  cross-pollination  appeared  necessary 
for  maximum  set. 

Some  varieties  tend  to  be  protandrous;  others  to  be  protogynous. 
They  differ  from  one  another  in  the  degree  of  protandry  or  protogyny 
to  which  they  are  subject  under  given  conditions.  Young  trees  of  all 
varieties  whether  protandrous  or  protogynous  in  tendency  are  much 
more  subject  to  dichogamy  than  are  old  trees.  While  the  dichog- 
amous tendency  decreases  with  age,  it  does  not  disappear  even  in 
very  old  trees. 

The  varieties  are  consistent  in  relative  time  of  bloom  under  the 
same  conditions.  This  permits  classification  roughly  into  early, 
intermediate,  and  late  varieties.  The  varieties  in  each  group  do  not 
bloom  at  exactly  the  same  time  except  in  seasons  which  tend  to  crowd 
the  bloom  together. 

The  exact  dates  of  bloom,  length  of  blooming  period,  and  blooming 
habit  (in  regard  to  dichogamy)  are  affected  greatly  by  variations  in 
the  seasons.  The  dates  on  which  a  variety  may  begin  to  bloom  in  a 
given  district  vary  by  a  month  or  more.  The  length  of  the  blooming 
period  may  vary  from  a  few  days  to  2K  months.  A  warm  sunny  spell 
occurring  immediately  preceding  or  during  the  normal  blooming 
period  of  a  variety  will  start  the  bloom.  The  rapidity  and  length 
of  blooming  period  will  depend  on  the  degree  and  duration  of  the 
warm  weather. 

In  coastal  climates,  where  the  winters  are  mild  and  there  is  little 
contrast  between  winter  and  spring,  and  where  fogs  and  cloudy  weather 
are  prevalent,  a  relatively  late  and  long  period  of  blooming  is  common. 
In  the  interior  valleys,  where  the  winters  are  colder,  the  springs 
warmer  and  sunnier,  the  varieties  tend  to  bloom  earlier,  develop  more 
rapidly,  and  bloom  for  a  shorter  period.  Some  of  the  late-blooming 
varieties  cannot  be  grown  satisfactorily  in  the  southern  coastal 
districts  because  they  bloom  too  late  for  the  nuts  to  mature.  Other 
varieties  may  bloom  so  early  in  the  interior  valleys  that  they  often 
suffer  from  frost  injury.  The  late  varieties  bloom  in  the  interior  at 
about  the  time  the  early  varieties  are  blooming  in  the  southern 
coastal  section.  In  intermediate  districts  the  date  and  length  of 
bloom  are  affected  correspondingly.  In  general,  the  tendency  of 
the  coastal  climate  is  to  increase  protogyny  and  modify  protandry, 
while  an  interior  climate  tends  to  increase  protandry  and  to  modify 
protogyny. 
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The  climate,  season,  and  weather  influence  greatly  the  degree  and 
character  of  dichogamy.  A  variety  normally  protandrous  may 
become  protogynous  under  particular  climatic  conditions,  and  vice 
versa. 

A  long  period  of  bloom,  or  even  a  long  period  of  overlapping  bloom 
of  pistils  and  catkins,  is  not  necessarily  advantageous  for  self-pollina- 
tion, since  the  conditions  that  cause  a  long  blooming  period  may 
prevent  pollination  from  taking  place. 

Cross-pollination  may  be  provided  for  by  combining  the  proper 
varieties  in  the  planting.  Almost  any  combination  of  varieties  is 
likely  to  increase  pollination  to  some  extent.  It  is  not  possible  as 
yet  to  recommend  for  every  locality  combinations  that  can  be 
depended  upon  to  give  perfect  pollination  every  year,  but  the  grower 
should  be  able  to  select  varieties  that  will  improve  his  chances  greatly 
for  securing  adequate  pollination.  Charts  (figs.  7  and  8)  are  the  best 
guide  to  the  behavior  of  varieties  in  the  districts  mentioned.  Pro- 
tandrous and  protogynous  varieties  blooming  at  about  the  same  time 
may  well  be  planted  together. 

Early-blooming  varieties  planted  together  will  have  a  longer  period 
of  eftective  pollination  than  will  any  one  variety  in  the  group.  Such 
interplanting  is  helpful,  though  not  entirely  satisfactory  in  all  respects. 
The  latest  blooming  variety  in  the  group  may  go  unpollinated  if  that 
variety  is  protandrous,  or  the  earliest  may  do  so  if  that  variety  is 
protogynous. 

Late-blooming  varieties  also  help  each  other  to  some  extent  when 
planted  together.  They  frequently  suffer  from  the  same  pollination 
troubles  at  the  same  time,  and  the  latest  variety  in  the  group, 
especially  if  protandrous,  is  likely  to  be  pollinated  inadequately 
because  many  of  its  pistils  may  come  out  after  the  pollen  from  all  the 
varieties  has  been  shed. 

Late  and  early  varieties  planted  together  may  help  each  other  in 
unusual  seasons  when  the  blooming  of  all  the  varieties  is  cro  ied 
together,  but  commonly  their  blooming  periods  do  not  overlap.  For 
this  reason  the  combination  of  late  and  early  varieties  is  not  recom- 
mended unless  intermediate  blooming  varieties  are  planted  wdth  them. 

The  best  groupings  combine  intermediate  and  early  varieties,  or 
intermediate  and  late  varieties,  or  all  three.  With  these  combina- 
tions the  latest  bloomer,  if  protandrous,  is  likely  to  suffer  and  should 
not  be  planted  in  large  quantity,  especially  in  districts  where  a 
natural  tendency  to  protandry  is  likely  to  be  accentuated  by  the 
climate. 

Great  variation  was  found  in  the  viability  of  walnut  pollens.  The 
percentage  of  viability  of  the  specimens  tested  ranged  from  0  to  80 
percent,  the  average  being  23  percent.  When  exposed  to  the  air 
under  conditions  similar  to  those  in  the  field,  pollen  grains  deteriorated 
rapidly.  For  this  reason,  pollen  remaining  upon  the  branches  or 
foliage  cannot  be  considered  important  in  the  commercial  production 
of  nuts. 

For  satisfactory  production  an  abundance  of  pollen  is  required. 
Vast  quantities  of  pollen  are  frequently  produced  by  the  walnut,  but 
its  viability  is  often  low.  Many  of  the  catkins  may  be  destroyed  by 
frost,  rain,  fog,  insects,  or  diseases,  and  there  is  great  waste  of  pollen 
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in  distribution.  Young  trees  tend  to  produce  fewer  catkins  than  do 
old  ones.  Certain  varieties,  however,  produce  few  catkins  at  any 
age. 

Tests  to  estabHsh  the  distance  pollen  is  carried  by  the  wind  indicate 
that  in  favorable  weather  it  will  be  carried  effectively  through  at  least 
several  rows  of  trees. 

Experiments  show  that  the  greatest  receptivity  in  the  development 
of  the  stigmas  occurs  when  the  stigmatic  fluids  are  being  secreted 
most  actively. 

Parthenogenesis  sometimes  occurs  in  the  walnut.  In  certain  varie- 
ties a  small  percentage  of  the  pistils  has  been  found  to  mature  nuts 
without  pollination. 
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INTRODUCTION 

The  rapid  changes  which  have  occurred  in  consumption  habits  in 
the  United  States  since  the  World  War  accentuate  the  need  for  com- 
prehensive and  accurate  statistics  on  family  living.  There  is  an 
mcreasing  recognition  of  the  uses  of  such  statistics  in  a  wide  variety 
of  current  social  and  economic  problems — in  planning  for  commodity 
production  and  distribution,  in  education,  in  household  purchasing 
and  consumption,  in  adjusting  basic  wage  rates,  in  arranging  for 
unemployment  insurance  and  old-age  pensions,  in  caring  for  depend- 
ents, and  in  developing  programs  of  taxation.  The  need  for  new 
information  in  solving  these  and  other  public  problems  will  undoubt- 
edly stimulate  extensive  investigation  in  this  field  in  the  near  future. 
It  IS  therefore  important  that  information  be  made  available  on  the 
reUability  of  different  methods  for  obtaining  data  on  consumption 
from  families  of  different  types. 

I  This  investigation  was  begun  by  the  senior  author,  and  the  data  were  collected  and  partly  analyzed 
under  her  direction.  The  analysis  was  completed  by  the  Junior  author.  The  authors  are  indebted  to  Edith 
Hawley,  formerly  senior  food  economist  of  the  Bureau,  for  assistance  in  planning  the  investigation  and  in 
the  field  work.  The  authors  are  also  indebted  to  Venia  M .  Kellar,  State  home  demonstration  agent  at  the 
University  of  Maryland;  Elizabeth  Thompson,  then  county  home  demonstration  agent,  Frederick  County, 
Md.;  Marianne  Muse  and  Charlotte  P.  Brooks  of  the  Vermont  Agricultural  Experiment  Station;  Geneva 
Bane  and  C.  E.  Lively,  of  Ohio  State  University;  and  M.  Attie  Souder,  then  of  the  University  of  Illinois, 
for  assistance  in  obtaining  the  cooperation  of  the  farm  families  in  their  respective  States;  and  to  Lois  Meek, 
then  educational  secretary  of  the  American  Association  of  University  Women,  and  Minna  Denton,  then 
of  George  Washington  University,  for  assistance  in  interesting  the  cooperating  professional  families;  and  to 
Melissa  F.  Snyder  of  the  Bureau  of  Home  Economics  for  assistance  in  the  field  work,  in  editing  the  accounts 
and  schedules,  and  in  the  statistical  analysis.  The  accounts  and  schedules  obtained  from  farm  families  in 
Vermont  by  Miss  Muse  and  Mrs.  Brooks  have  been  summarized  by  them  in  a  separate  report  published 
by  the  Vermont  Agricultural  Experiment  Station. 
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METHODS  OF  OBTAINING  DATA  ON  FAMILY  UVING 

Systematic  studies  of  family  living  have  been  made  in  the  United 
States  ever  since  the  close  of  the  CivU  War.  Most  of  them  have  been 
concerned  only  with  the  goods  and  services  consumed  by  the  families 
investigated,  but  a  few  have  included  other  aspects  of  family  living. 
The  methods  of  collecting  data  in  these  investigations  have  varied  all 
the  way  from  a  brief  questionnaire  sent  by  mail  asking  for  estimates 
of  expenditures  for  food,  clothing,  shelter,  and  all  other  items  pur- 
chased, to  a  detailed  case  record  kept  by  an  investigator  living  with 
the  family  studied.  The  majority  of  studies  in  this  country,  however, 
have  used  the  schedule  method,  in  which  information  is  obtained  from 
each  family  in  one  or  two  personal  interviews,  with  the  use  of  schedules 
providing  for  the  entry  of  the  data  by  a  field  agent.  A  considerable 
number  of  the  studies  in  the  United  States  have  also  been  made  by 
the  account  method,  in  which  a  day-by-day  record  of  receipts  and 
expenditures  has  been  kept  by  the  home  maker  or  some  other  member 
of  the  family. 

Each  of  these  methods  has  its  advantages  and  disadvantages.  The 
questionnaire  has  been  found  the  least  satisfactory.  It  was  used  by 
some  State  departments  of  labor  in  early  investigations  of  wage- 
earners'  expenditures,  but  its  use  in  recent  years  has  been  restricted  to 
studies  of  professional  groups.^  It  is  natural  that  the  questionnaire 
method  should  be  more  successful  with  the  professionally  trained  than 
with  others,  but  even  with  such  groups  it  is  open  to  serious  question. 
The  most  carefully  framed  questions  convey  different  meanings  to 
different  persons  and  with  no  interviewer  to  explain  the  terms  used, 
to  check  hasty  entries,  or  to  point  out  questions  left  unanswered,  the 
returns  are  too  often  incomplete,  confused,  or  unreliable. 

The  record  method  of  obtaining  data  on  consumption  would  seem 
to  be  the  logical  one  to  use,  as  a  record  of  events  made  day  by  day  as 
they  occur  should  be  more  accurate  than  a  report  of  these  same  events 
made  from  memory  several  months  later.  In  practice,  however,  the 
record  method  has  distinct  disadvantages.  When  the  record  is  kept 
by  an  investigator  rather  than  by  a  member  of  the  family,  the  cost 
of  securing  the  data  from  each  family  is  very  high,  as  the  investigator 
must  live  with  the  family  throughout  the  period  of  the  study  or  make 
daily  visits.  This  form  of  record  has  been  extensively  used  abroad  in 
studies  of  the  LePlay  type,  {liy  in  which  information  on  family  rela- 
tionships and  other  qualitative  aspects  of  family  living  is  obtained  in 
great  detail  from  a  small  number  of  families.  But  it  is  not  suited  to 
studies  covering  a  large  sample  of  families  in  which  the  data  are 
mainly  restricted  to  the  goods  and  services  consumed. 

When  household  accounts  are  kept  by  a  member  of  the  family,  the 
cost  of  securing  each  record  depends,  of  course,  upon  the  amount  of 
supervision  given  to  each  family.  In  some  studies  made  by  this 
method,  the  accounts  have  been  kept  without  supervision  for  the 
entire  period  of  the  investigation;  in  others,  they  have  been  mailed 
at  regular  intervals  to  an  investigator  who  has  sought  to  remedy 
obvious  omissions  and  inconsistencies  by  letter;  and  in  still  others,  an 
investigator  has  visited  each  family  at  more  or  less  frequent  intervals. 

2  Williams,  F.  M.,  and  Connolly,  H.   bibliography  on  studies  of  costs  and  standards  or  livino 
IN  THE  UNITED  STATES.    U.S.  Dept.  AgT.,  Bur.  Home  Econ.    104  p.    1930.    [Mimeographed.] 
*  Italic  numbers  in  parentheses  refer  to  Literature  cited,  p.  41. 
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Experience  with  this  method  in  this  country  and  abroad,  however, 
indicates  that  the  accounts  must  be  supervised  at  frequent  intervals 
if  complete  and  accurate  data  are  to  be  obtained.  Moreover,  the  cost 
of  editing  and  summarizing  data  obtained  by  the  account  method  is 
much  greater  than  that  of  editing  and  summarizing  the  data  obtained 
by  either  the  questionnaire  or  the  schedule  method.  There  are  fewer 
entries  to  edit  and  tabulate  in  the  average  schedule  or  questionnaire 
covering  consumption  over  a  12-month  period  than  in  the  average 
record  kept  for  even  a  few  weeks. 

Even  when  it  is  possible  to  meet  the  cost  of  obtaining  and  sum- 
marizing the  data  the  account  method  has  disadvantages.  It  is 
extremely  difficult  to  find  a  large  number  of  home  makers  who  are 
wiUing  to  keep  full  and  accurate  records  for  even  a  few  weeks,  to  say 
nothing  of  12  months.  There  is  grave  question  as  to  whether  the 
families  who  are  willing  to  cooperate  with  research  workers  in  keeping 
household  records  are  not  exceptional.  In  any  case  much  time  and 
ingenuity  are  required  to  maintain  the  interest  of  the  record  keepers 
over  the  12-month  period. 

Because  of  the  difficulties  involved  in  obtaining,  editing,  and  sum- 
marizing large  numbers  of  records  of  consumption  from  famiUes  rep- 
resentative of  most  important  groups  in  the  country,  the  schedule 
method  has  been  used  very  extensively  in  the  United  States.  The 
advantages  of  this  method  are  many.  It  is  comparatively  easy  to 
select  a  large  number  of  home  makers  representative  of  a  given  group, 
each  willing  to  devote  from  1^  to  3  hours  to  giving  the  necessary  in- 
formation. If  the  visits  are  well  planned,  the  field  worker  can  obtain 
under  ordinary  circumstances  from  2  to  4  schedules  a  day  in  an  urban 
group,  and  2  or  3  a  day  in  a  farming  community.  She  is  able  to  ex- 
plain to  each  person  interviewed  the  purpose  for  which  the  informa- 
tion is  being  gathered  and  thus  interest  many  who  would  not  trouble 
to  answer  a  mailed  questionnaire.  Further,  the  field  worker  can  ex- 
plain to  the  home  maker  any  terms  used  in  the  schedule  which  may 
not  be  entirely  clear  to  her. 

The  schedule  method  has  given  best  results  when  the  interviewers 
obtaining  the  information  have  been  trained  in  the  technic  of  schedule 
taking  and  have  used  a  very  carefully  prepared  schedule.  It  requires 
considerable  skill  on  the  part  of  the  interviewer,  with  patience  and  a 
good  memory  on  the  part  of  the  home  maker,  to  go  back  over  the  12 
months  just  past  and  estimate,  without  gross  error,  the  quantities 
and  money  value  of  all  items  entering  into  the  family  Uving.  Inac- 
curacies are  bound  to  occur,  even  under  the  most  favorable  circum- 
stances. The  investigators  who  have  used  the  schedule  have  assumed 
that  the  overestimates  of  some  famiUes  would  be  compensated  by  the 
underestimates  of  others  and  that  the  averages  would  thus  present  a 
true  picture. 

Methods  of  obtaining  data  on  family  Hving  have  been  discussed 
from  time  to  time  at  the  scientific  meetings  of  investigators  in  this 
field.  Several  meetings  of  the  International  Institute  of  Statistics  in 
the  late  nineteenth  century  were  devoted  to  detailed  discussions  of 
the  subject  (5).  The  Third  International  Conference  of  Labour 
Statisticians  (5),  meeting  at  Geneva  in  1926,  adopted  a  resolution 
recommending  the  use  of  the  account  method  and  urging  that  wherever 
possible  daily  records  of  income  and  expenditure  be  kept  by  a  member 
of  the  family  for  a  period  of  12  months  under  the  supervision  of  com- 
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petent  persons  who  couJd  visit  the  cooperating  families  during  the 
course  of  the  inquiry  and  advise  them  regarding  the  keeping  of  the 
accounts.  This  conference  recommended  that  where  it  would  be  im- 
practicable to  obtain  annual  accounts  from  a  large  number  of  families, 
records  covering  four  periods  of  not  less  than  a  week,  one  in  each 
quarter,  or  two  periods  of  at  least  a  fortnight  in  different  seasons  of 
the  year,  might  be  supplemented  by  annual  records  from  a  smaller 
number  of  families,  or  "by  information  on  which  annual  estimates 
could  be  based"  (8,  p.  26). 

The  record  method  has  been  followed  much  more  extensively  in 
other  countries  than  in  the  United  States.  In  the  British  investiga- 
tion of  1918  {6)  records  kept  for  1  week  were  secured  from  1,306 
families  with  the  assistance  of  volunteer  field  workers  and  in  the 
Japanese  investigation  of  1926-27  {!)  household  accounts  were  kept 
by  5,455  families  for  the  period  of  a  year  under  the  supervision  of 
volunteer  agents.  A  report  of  the  International  Labour  Office  (7)  lists 
27  official  investigations  of  family  living  in  foreign  countries  in  the 
period  from  1900  to  1926  which  were  based  on  household  account 
books,  kept  for  longer  or  shorter  periods  by  11 ,675  families. 

American  students  of  this  subject  who  have  employed  the  schedule 
method  more  than  investigators  in  other  countries  are  keenly  aware 
of  the  dangers  involved  in  its  use.  They  recognize  that  it  is  especially 
doubtful  when  used  with  farm  families,  where  much  of  each  family's 
food  supply  comes  from  its  own  farm,  without  direct  money  outlay 
and  without  those  measurements  of  quantity  and  quality  which  are 
a  necessary  part  of  purchase  at  retail.  There  is,  however,  very  little 
information  on  the  differences  in  the  results  obtained  by  the  schedule 
method  and  by  household  accounts. 

THE  PURPOSE  AND  PLAN  OF  THE  PRESENT  STUDY 

The  present  study  was  undertaken  to  compare  the  results  obtained 
by  the  schedule  and  account  methods.  It  considers  the  differences 
which  appear  in  schedule  and  account  figures  from  identical  famifies 
for  an  identical  year.  It  also  considers  the  effect  of  the  forms  used 
and  of  supervision  on  the  results  obtained  by  both  methods,  and  the 
possibilities  of  a  combined  method  in  which  schedule  data  would  be 
supplemented  by  accounts  kept  for  short  periods.  Data  from  two 
types  of  families  were  secured  for  the  purposes  of  the  investigation — 
from  farm  families  in  contact  wdth  the  extension  service  and  from 
families  of  the  professional  group. 

The  information  called  for  on  schedules  and  in  accounts  used  in 
this  study  included  the  quantity,  kind,  and  cost  of  goods  and  services 
purchased,  the  quantity,  kind,  and  value  of  goods  furnished  the  family 
without  direct  money  payment,  and  the  savings  accumulated  during 
the  period  of  a  year.  Because  of  the  inclusion  of  the  latter  items  the 
term  "money  value  of  family  living"  rather  than  "family  expendi- 
ture" or  "cost  of  living"  is  used  throughout  this  report,  except  where 
reference  is  made  to  actual  cash  outlay  for  goods  and  services,  in 
which  case  the  term  "family  expenditures"  is  employed.  The  con- 
tribution of  unpaid  labor  to  the  family  living  is  not  included  in  the 
investigation. 

The  data  were  obtained  from  40  farm  families  and  from  24  families 
of  the  professional  group  living  in  cities,  and  cover  12  consecutive 
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months  in  1926-27.  Day-by-day  records  were  kept  by  each  of  these 
families,  and  at  the  end  of  the  year  schedule  estimates  were  secured 
from  them  for  the  same  period  before  they  had  received  summaries 
of  their  accounts.  The  geographic  distribution  of  these  families 
was  as  follows: 


Families  of  the  professional  group 

Elmira,  N.Y 4 

Poughkeepsie,  N.Y 1 

Cranford,  N.J 1 

Chicago,  111 2 

Washington,  D.C 12 

Suburbs  of  Washington,  D.C 4 

Total 24 


Farm  families 

Vermont:  Addison,  Chittenden, 
Lamoille,  and  Washington 
Counties 13 

Ohio:  Mahoning  and  Warren  Coun- 
ties        6 

Illinois:  Coles  and  Marshall  Coun- 
ties        3 

Maryland:  Frederick  County 19 

Total 40 

In  order  to  discover  whether  the  keeping  of  accounts  had  improved 
the  home  maker's  ability  to  give  the  schedule  estimates,  additional 
information  was  secured  from  the  farm  families  living  in  Maryland. 
Before  they  began  their  daily  record  keeping,  schedules  were  obtained 
covering  their  family  living  for  the  previous  12  months  to  use  in 
comparison  with  the  schedules  taken  after  accounts  had  been  kept 
for  a  year.  As  a  check  against  these  figures,  schedule  estimates  were 
also  secured  for  the  same  two  years  from  other  farm  families  in  Mary- 
land who  did  not  keep  household  accounts.  This  second  group  was 
carefully  selected  as  to  size  and  composition  of  family,  type  of  farm, 
and  general  level  of  living,  so  as  to  make  it  as  similar  as  possible  to  the 
record-keeping  group. 

THE     RECORDS 

The  records  of  the  farm  families  in  Illinois  and  Ohio  were  kept  in 
the  tvpe  of  yearly  many-columns-to-a-page  bound  account  book 
usually  provided  by  State  extension  workers  (18).  In  the  Maryland 
and  Vermont  farm  families  and  in  all  the  families  of  the  professional 
group  the  records  were  kept  on  special  weekly  forms  provided  by  the 
Bureau  of  Home  Economics.  They  included  a  double  sheet  upon 
which  to  enter  expenditures  and  a  wall  card  for  the  use  of  the  farm 
families  in  recording  food,  fuel,  and  ice  furnished  by  the  farm  and  food 
not  used  by  the  family.  A  wall  card  for  listing  the  kind  and  amount  of 
edible  material  wasted  was  also  provided  for  the  city  families. 

The  weekly  expenditures  sheet  provided  5  columns — 1  for  food,  1 
for  clothing,  1  for  automobile,  1  for  electric-light  and  power  plants, 
and  1  for  all  other  items  purchased,  with  space  in  addition  for  record- 
ing number  of  persons  present  for  meals.  This  latter  information  was 
needed  for  detailed  analysis  of  the  food-consumption  figures.  Items 
connected  with  automobiles,  and  with  electric-light  and  power  plants 
were  treated  in  special  columns  because  with  farm  families  they  are 
chargeable  to  both  family  and  farm  use.  All  such  expenditures  were 
entered  on  the  day  they  were  made,  and  at  the  end  of  the  week  allo- 
cated to  family  or  to  farm  expenses  according  to  the  proportion  used 
for  each  purpose.  The  automobile  expenditures  were  assigned  accord- 
ing to  mileage  used  for  family  and  for  farm  purposes,  and  light  and 
power-plant  costs  according  to  the  number  and  power  of  bulbs  and  to 
the  hours  of  power  used  for  each  purpose. 

The  record  form  used  was  the  outcome  of  an  experiment  carried  on 
before  this  study  was  started  with  the  home  makers  in  15  families 
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of  the  business  and  professional  groups  in  Washington,  D.C.,  and  11 
farm  families  in  Maryland.  Each  of  these  26  home  makers  kept  house- 
hold records  for  3  months — for  1  month  in  the  double-page-of-many- 
columns  type  of  form,  the  item  purchased  being  written  on  the  stub 
and  the  amount  paid  entered  in  the  appropriate  column  under  a 
heading  giving  the  general  class  of  item;  for  1  month  in  the  box  type 
of  form,  a  double  page  being  divided  into  a  number  of  boxes,  1  for 
food,  1  for  clothing,  1  for  operating  items,  and  so  on;  and  for  1  month 
on  the  form  used  in  this  study,  with  its  5  columns.  The  forms  were 
distributed  in  such  a  way  that  each  type  was  used  for  the  first,  second, 
and  third  month  by  approximately  the  same  number  of  women.  The 
majority  of  these  home  makers  found  the  5-column  form  the  most 
acceptable.  It  took  less  time  to  keep  than  either  of  the  others  and 
there  was  no  question  of  deciding  where  to  classify  debatable  items. 

THE    SCHEDULES 

The  schedule  forms  used  in  this  investigation  were  similar  to  those 
prepared  by  the  Bureaus  of  Agricultural  Economics  and  Home 
Economics  for  use  in  previous  studies.  For  the  families  of  the  profes- 
sional group  a  schedule  changed  in  certain  particulars  was  prepared  to 
fit  urban  needs,  but  the  difference  between  the  schedules  used  with  the 
two  groups  was  slight. 

Questions  about  goods  and  services  consumed  were  provided  for  on 
the  schedule  in  great  detail  to  assist  the  home  maker  in  estimating 
the  amount  and  value  of  the  items  purchased  or  furnished  by  the 
farm.  For  example,  if  asked  how  much  the  family  had  spent  for 
clothing,  it  would  be  extremely  difficult  for  her  to  answer;  but  if 
asked  how  many  pairs  of  shoes  she  bought  for  herself  last  year  and 
the  price  of  each,  she  can  make  a  mental  review  and  arrive  at  a  more 
accurate  figure. 

In  obtaining  the  estimates  of  food  consumption,  every  effort  was 
made  to  secure  only  the  quantities  actually  consumed  by  the  family, 
excluding  the  quantities  spoiled  in  storage  or  fed  to  farm  animals. 
When  omissions  or  inconsistencies  in  any  item  were  discovered  in 
editing  the  schedules  the  family  was  revisited  if  possible.  If  the 
difficulty  was  not  discovered  until  after  the  field  worker  had  left  the 
community,  a  letter  was  written  to  the  home  maker  asking  for  assist- 
ance in  completing  or  correcting  the  schedule.  The  intention  of  the 
investigators  was,  in  so  far  as  possible,  to  treat  the  data  gathered  by 
either  the  schedule  or  the  account  method  as  if  that  method  were  the 
only  one  being  used  for  the  investigation,  and  to  use  each  method  with 
equal  care. 

DATA  FROM  FARM  FAMILIES 

METHODS  OF  SECURING  AND  EDITING  DATA 

In  all  studies  of  family  living  where  household  accounts  are  used, 
the  initial  difficulty  is  to  find  families  who  are  willing  to  begin  the 
accounts.  In  Maryland  contacts  with  farm  women  who  were  mem- 
bers of  home  economics  clubs  were  secured  through  the  cooperation 
of  members  of  the  home  economics  extension  service  in  that  State, 
and  interest  in  the  subject  was  stimulated  by  a  series  of  talks  on  house- 
hold accounts. 

In  July  and  August  1926  schedules  were  filled  out  with  estimates 
of  the  family  living  for  the  previous  12  months  for  30  Maryland  farm 
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families  who  were  willing  to  keep  household  records,  and,  as  explained 
above,  for  a  group  of  similar  families  which,  for  one  reason  or  another, 
did  not  plan  to  keep  such  records.  The  30  families  that  began  keep- 
ing accounts  were  provided  with  forms  from  the  Bureau  of  Home 
Economics  and  \^dth  hanging  scales  to  use  in  weighing  food  purchased 
and  furnished  by  the  farm.  Twenty- two  of  these  families  completed 
records  for  the  12-month  period.  Of  the  8  who  dropped  out,  2  fami- 
lies were  broken  up  by  death,  1  moved  into  town,  2  home  makers 
found  they  could  not  get  the  cooperation  of  the  other  members  of  the 
family  and  thus  were  unable  to  make  complete  reports,  and  the 
other  3  lost  interest.  Three  of  the  22  records  received  proved  to  be 
incomplete  and  were  not  used  for  this  report. 

The  weekly  records  of  the  Maryland  families  were  mailed  to  the 
Bureau  on  Thursday  of  each  w^eek  and  were  promptly  edited.  Any 
discrepancy  or  any  question  was  cleared  up  immediately  either  by 
correspondence  or  through  the  county  home  demonstration  agent. 
At  the  end  of  the  year  the  records  were  again  checked  for  such  items 
as  taxes,  interest  on  mortgage,  and  insurance  premiums.  When  the 
record  figures  had  been  summarized,  they  were  sent  to  the  home  maker 
with  a  letter  asking  her  to  review  the  summary,  with  her  husband  if 
possible,  to  see  that  it  presented  a  full  and  accurate  record  of  the 
family  living  for  the  year.  Estimates  of  the  value  of  the  home  and 
of  the  farm  were  secured  from  the  family,  and  the  valuations  obtained 
were  checked  with  the  county  clerk.  Taxes,  interest  on  mortgage, 
and  fire  insurance  on  buildings  were  prorated  to  house  and  farm  in 
proportion  to  the  relative  value  of  the  two. 

Each  of  these  families  was  visited  at  the  end  of  the  record  year  and 
schedule  estimates  of  the  family  living  were  obtained  for  the  12  months 
of  the  record  period.  In  order  to  avoid  influencing  these  estimates, 
summaries  of  the  year's  records  were  not  given  the  home  makers 
until  after  the  schedule  figures  had  been  secured.  Schedules  for  this 
period  were  also  obtained  from  19  comparable  families  w^ho  had  fur- 
nished schedule  estimates  for  the  preceding  year  and  who  had  not 
kept  household  accounts  in  the  interval. 

The  account  and  schedule  data  from  13  Vermont  families  were 
collected  by  the  Vermont  Agricultural  Experiment  Station  in  coopera- 
tion with  the  Bureau  of  Home  Economics.  Contacts  with  families 
interested  in  keeping  accounts  were  made  through  the  extension 
service.  The  same  account  forms  w^ere  used  as  in  Maryland  and  the 
cooperating  faniilies  in  Vermont  were  provided  with  platform  scales 
on  which  to  weigh  food  received.  The  accounts  were  started  in  the 
summer  of  1926  and  were  sent  to  the  experiment  station  each  week, 
although  they  were  not  edited  until  the  end  of  the  year.  The  gaps 
then  found  seem  to  justify  the  expense  of  more  frequent  editing  and  of 
letters  to  the  cooperating  families  asking  about  omissions  or  incon- 
sistencies. In  a  report  issued  by  the  Vermont  Experiment  Station 
{12)  the  account  and  schedule  figures  are  presented  as  they  were  first 
received. 

In  the  present  report  certain  items  which  the  Vermont  home  makers 
failed  to  record  in  their  accounts,  but  which  they  reported  at  the  time 
the  schedules  were  taken,  have  been  added  to  the  original  entries  on 
the  account  forms  to  make  them  as  nearly  comparable  as  possible  to 
the  records  from  the  other  States.     Such  additions  were  made  only 
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when  the  fact  that  there  was  an  omission  in  the  record  would  have 
been  obvious  to  an  editor  who  did  not  have  the  schedule  figures. 

Further  differences  between  the  Vermont  figures  appearing  in  these 
two  reports  are  due  to  differences  in  the  classification  of  certain  items 
and  to  a  difference  in  the  treatment  of  housing.  The  figures  on  the 
value  of  the  house  and  the  farm  for  the  Vermont  families  here  pre- 
sented were  secured  by  the  methods  used  in  Maryland.  The  interest 
on  mortgages,  taxes,  and  fire  insurance  on  buildings  also  were  prorated 
between  house  and  ifarm  in  proportion  to  the  value  of  the  two. 

Five  household  account  books  were  secured  through  the  Ohio 
Agricultural  Experiment  Station  and  three  through  the  Illinois  State 
Extension  Service.  The  books  were  sent  to  the  Bureau  of  Home 
Economics  at  intervals  of  1  to  3  months,  where  they  were  promptly 
edited,  and  questioned  points  were  sent  to  the  State  workers  for 
explanation.  These  accounts  were  found  more  time-consuming  to 
edit  than  those  kept  on  the  Bureau  forms,  but  otherwise  gave  satis- 
factory results.  At  the  end  of  the  record  year,  in  the  summer  of 
1927,  schedules  were  obtained  from  the  Illinois  and  Ohio  families  by 
the  State  workers,  and  the  completed  records  were  reviewed  as  with 
the  Maryland  families.  The  State  workers  also  checked  value  of 
house  and  taxes  as  in  Maryland. 

In  editing  all  the  accounts  and  schedules  the  items  were  classified 
under  19  headings,  most  of  which  are  self-explanatory.  Wherever 
family  expenditures  are  discussed  the  housing  item  includes  only 
money  outlay  attributable  to  the  house  for  repairs,  interest  on 
mortgage,  and  taxes.  Where  family  living  is  discussed  the  housing 
item  includes,  in  addition,  housing  furnished  by  the  farm.  In  the 
case  of  nonowners,  this  figure  represents  the  estimated  rental  value  of 
the  house,  computed  by  taking  10  percent  of  its  estimated  depreciated 
replacement  value;  in  the  case  of  owners,  the  annual  value  of  the 
equity  in  the  house,  computed  by  taking  6  percent  of  the  estimated 
value  of  the  house  and,  wherever  necessary,  subtracting  interest  on 
the  mortgage  attributable  to  the  house. 

All  expenditures  for  automobiles,  including  payments  for  new  cars, 
made  during  the  12  months  were  recorded  and  allocated  to  farm  or  to 
family  living  expenditures  according  to  the  relative  amount  of  use  for 
each  purpose.  No  attempt  was  made  to  allow  for  depreciation  of 
automobiles. 

The  figures  on  expenditures  for  ''formal  education"  include  ex- 
penditures for  school  books  and  supplies,  for  school  and  college  fees 
and  tuition,  for  music  and  dancing  and  other  special  lessons,  and  for 
board  and  lodging  at  school  and  college;  those  on  expenditures  for 
''vocation"  include  expenses  incurred  in  connection  with  business  or 
profession  paid  for  out  of  family  income,  such  as  attendance  at  busi- 
ness or  professional  conferences,  dues  to  business,  professional  or 
home-making  organizations,  technical  literature,  and  entertaining 
directly  necessitated  by  business  reasons. 

Furnished  food,  fuel,  and  ice  were  valued  at  prices  which  the  home- 
maker  would  have  paid  had  she  purchased  these  items  locally.  In 
Maryland  a  field  worker  from  the  Bureau  of  Home  Economics  collected 
prices  of  food  every  3  months  from  3  stores  most  frequently  patronized 
by  the  families  keeping  accounts.  In  the  other  States  prices  were 
collected  by  the  cooperating  State  workers. 
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CHARACTERISTICS  OP  THE  40  FARM  FAMIUES 

The  accuracy  of  the  results  obtained  by  either  the  schedule  or  the 
account  method  varies  with  the  type  of  families  studied.  Education, 
the  size  and  composition  of  the  families  in  the  sample,  the  type  and 
size  of  their  farms^  the  money  income  of  the  group,  and  the  total 
value  of  their  family  living,  all  affect  the  results  of  a  comparative 
study  of  methods.  An  analysis  of  the  characteristics  of  the  40  farm 
families  cooperating  in  this  investigation  will  define  the  type  of  farm 
family  to  which  the  results  of  this  study  apply. 

The  contact  of  these  40  farm  women  with  the  work  of  the  Extension 
Service  of  the  United  States  Department  of  Agriculture  implies  that 
they  were  somewhat  better  informed  on  the  subject  of  budgets  and  of 
household  accounts  than  most  farm  women  who  are  not  reached 
by  the  Extension  Service. 

The  formal  education  of  these  home  makers  and  of  their  husbands 
lasted  longer  than  is  usual  in  farm  families  in  the  United  States.  In 
three  fourths  of  these  families  both  the  farm  operator  and  the  home 
maker  had  gone  beyond  the  eighth  grade,  and  in  more  than  one 
fourth  either  the  operator  or  the  home  maker  had  gone  to  college, 
normal  school,  or  some  technical  school  after  leaving  high  school. 
In  a  survey  of  2,886  white  farm  families  in  11  States  in  1922-24, 
Kirkpa trick  and  his  associates  (10)  obtained  figures  on  the  education 
of  the  farm  operator  and  the  home  maker  m  2,316  families.  In 
more  than  half  of  these  families  both  operator  and  home  maker  had 
completed  only  the  eighth  or  a  lower  grade  and  in  only  10  percent 
had  either  continued  education  after  high  school. 

The  small  number  of  women  in  this  group  who  had  young  children 
illustrates  the  diflBculty  of  procuring  representative  figures  by  the 
account  method.  In  only  one  of  the  cooperating  farm  families  was 
there  a  child  under  1  year  of  age.  In  3  families  the  youngest  child 
was  from  1  to  2  years  old;  in  3  families  the  youngest  was  from  3  to 
5  years  old;  in  23  families  the  youngest  child  w^as  6  years  old  or  older. 
There  were  10  childless  families,  8  were  composed  of  husband  and 
wife  only,  and  2  included  husband  and  wife  and  other  adults.  Only 
3  of  the  account-keeping  farm  home  makers  were  under  30  years  of 
age;  over  half  were  between  40  and  50  years  of  age;  their  average 
age  was  42  years. 

In  regard  to  size  of  family,  the  cooperating  group  was  not,  however, 
unusual.  When  size  of  family  is  measured  m  terms  of  the  number  of 
persons  in  the  home  during  the  year  who  were  dependent  on  the  family 
mcome,  the  average  size  of  these  40  families  is  4.2  persons  and  the 
range  is  found  to  be  from  2  to  8  persons.  When  hired  help,  visitors, 
and  boarders  are  included  in  the  household,  the  average  size  is  4.9 
persons  and  the  range  from  2.4  to  10.2  persons. 

Table  1  presents  data  on  the  farms  operated  by  these  40  families. 
It  is  apparent  that  families  owning  their  farms  and  engaged  in  gen- 
eral farming  or  in  dairy  farming  predominate  among  the  families 
cooperating  in  this  study,  and  that  in  general  their  farms  are  larger 
than  the  average  for  their  respective  States. 


2665* 


10        TECHNICAL  BULLETIN    386,  U.S.  DEPT.  OF  AGRICULTURE 
Table  1. — Type  and  size  of  farms  operated  by  40  farm  families 


Item 


Farms,  total. number.. 

Farm  operators,  by  tenure: 

Owners do 

Tenants do 

Managers .do 

Type  of  farm: 

Dairy... do 

Dairy  and  other do 

General do 

Poultry do 

Grain  and  stock do 

Grain do 

Size  of  farm:* 

Under  100  acres do 

100-149  acres do 

160-199  acres ...do 

200  acres  and  over do 

Average  size  of  farms  operated  by  families  who  kept  accounts 

acres. - 

Average  size  of  all  farms  in  the  4  States  concerned do 


Data  for  farms  in- 


Mary- 
land 


155.7 
»90.5 


Vermont 


218.1 
141. 3 


Ohio  and 
Illinois 


2 156.  7 
*  112. 6 


All  local- 
ities 


176.3 
112.1 


I  Hired  on  father's  farm  in  both  cases. 

»  Size  of  farm  not  available  for  1  Illinois  family. 

«  U.S.  Department  of  Commerce,  Bureau  of  the  Census,  Census  of  Agriculture  for  1925,  2:92. 

*  Ibid,  1:  122;  331;  491. 

The  economic  status  of  these  farm  famihes  is  presented  in  table  2 
in  terms  of  figures  obtained  from  the  accounts.  The  average  value 
of  the  goods  they  purchased  according  to  this  source  was  $1,484,  the 
average  value  of  goods  furnished  by  the  farm  $882,  and  the  average 
amount  of  savings  $198,  making  a  total  value  of  living  of  $2,564. 
In  the  studies  of  farm  family  living  that  have  been  made  in  different 
parts  of  the  United  States  since  1922,  the  average  value  of  family  living 
ranges  from  $689  among  the  families  studied  in  the  mountains  of 
Laurel  County,  Ky.,  by  Oyler  (IS),  to  $2,937  for  the  Maryland  famihes 
cooperating  in  the  present  study.  King  has  estimated  that  average 
value  of  living  of  farm  families  in  the  United  States  in  1927  v^as 
$1,006  (9).  In  that  year  the  Bureau  of  Agricultural  Economics  (16) 
received  reports  of  farm  returns  from  13,859  owner-operators  for  their 
own  farms ;  these  reports  showed  average  cash  available  from  the  farm 
for  family  hving  and  farm  improvements  as  amounting  to  $847.  None 
of  the  families  which  kept  accounts  reported  total  value  of  family 
hving  or  cash  available  for  family  living  (including  savings  in  the 
form  of  farm  improvements)  as  low  as  these  averages. 


Table  2. — Distribution  of  40  farm  families  by 

money 

value  of  family  living^ 

Data  for  families  in— 

Money  value  of  family  living 

Mary, 
land 

Vermont 

Ohio  and 
Dlinois 

AH  local- 
ities 

Dollars 
Under  1  499                                                                         

Number 

Number 
1 
5 
4 
3 

Number 

I 

2 

1 

Number 
2 

1,600-2,099       

5 
3 
4 
4 
3 

14 

2,100-2,699                                                    

0 

2  700-3  299                                                                                 

8 

a  300-3  899                                                                                          

4 

3 

AJl  families                                                      -       

19 

13 

8 

40 

'Based  on  figures  from  accounts. 
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It  seems  clear  that  the  40  farm  home  makers  from  whom  accounts 
and  schedules  were  obtained  for  this  report  represent  well-to-do, 
well-educated  farm  groups.  They  were  in  the  prime  of  life,  with 
resources  distinctly  above  the  average  for  the  farm  population  of  the 
United  States.  Most  of  their  families  were  without  very  young 
children,  and  10  out  of  the  40  households  had  no  children  at  all. 
Another  investigation  will  be  necessary  to  determine  the  conditions 
under  which  it  is  possible  to  secure  annual  household  accounts  from 
farm  families  with  more  limited  education  and  economic  resources 
and  to  measure  the  differences  between  account  and  schedule  data 
on  their  family  living. 

COMPARISON  OF  ACCOUNT  AND  SCHEDULE  DATA 

In  order  to  compare  the  account  and  schedule  figures  for  these  40 
families,  the  various  items  in  the  family  living  were  classified  under 
the  19  headings  shown  in  table  3.  In  computing  the  relation  of  the 
average  values  obtained  by  the  2  dijfferent  methods,  the  account 
averages  were  taken  as  100,  since  it  seemed  likely  that  accounts  kept 
from  day  to  day  and  carefully  edited  would  be  more  accurate  than 
schedules  taken  with  equal  care. 


Table  3. — Money  value  of  the  various  items  included  in  family  living  for  1  year  as 
shown  by  accounts  and  schedules  from  40  farm  families 


Average  value  as , 
shown  by- 

Schedule 
minus 
account 
average 

Relation 
of  sched- 
ule to 
account 
average 
(account 
average = 
100) 

Standard 
deviation 
of  the 
differ- 
ences 

Item 

Accounts 

Sched- 
ules 

n 

Money  expenditures: 

Food 

Dollars 

315 

234 

142 

216 

84 

192 

44 

48 

69 

36 

10 

44 

40 

10 

Dollars 

355 

268 

81 

223 

84 

160 

40 

55 

85 

50 

8 

49 

44 

5 

DoUars 

+40 

+34 

-61 

+7 

(») 

-32 

-4 

+7 

+16 

+14 

-2 

+5 

+4 

-5 

Percent 
113 
115 

57 
103 
100 

83 

91 
116 
123 
139 

80 
111 
110 

60 

Dollars 
102.  24 
65.22 
176. 89 
68.79 
42.73 
198.  86 
31.92 
33.19 
55.22 
47.84 
7.35 
28.56 
60.12 
31.66 

2.47 

Clothing 

3.89 

Housing 

2.18 

Household  operation 

.64 

Furnishings  and  equipment 

.03 

Automobile..- 

1.02 

Personal  items 

.79 

Medical  care 

1.33 

Recreation 

1.83 

Formal  education _ 

1.85 

Vocation    

1.72 

Community  welfare... 

1.11 

Gifts  to  persons  outside  the  family 

Miscellaneous  items 

.50 
LOO 

Total  money  expenditures 

1.484 

1,507 

+23 

102 

444.14 

.33 

Goods  furnished  by  the  farm: 

Food 

543 

284 

65 

694 

284 

67 

+151 
+12 

128 
100 
122 

216.83 

1.26 

83.78 

4.40 

LOO 

Fuel,  ice,  and  soap    . 

.91 

Total  value  goods  furnished 

882 

1,045 

+163 

118 

236.67 

4.36 

Savings: 

Life  Insurance 

123 
75 

126 
66 

+3 
-19 

102 
76 

29.29 
60.38 

.66 

Other  savings 

1.99 

Total  savings 

198 

182 

-16 

92 

67.46 

L60 

2,664 

2,734 

+  170 

107 

646.00 

1  97 

Computed  according  to  the  formula  t^- 


fV 


.,  in  which  i  represents  the  average  difference,n  the  number 


of  differences,  and  s  the  standard  deviation  of  the  differences  U,  p.  106).    For  a  sample  of  this  size  a  value 
of  t  of  2.00  or  more  indicates  a  significant  difference  between  the  account  and  schedule  average. 
*  Less  than  60  cents. 
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The  difference  between  the  schedule  and  account  figures,  it  will 
be  noted,  is  very  slight  for  the  total  of  items  purchased  by  the  40 
families,  the  schedule  average  being  only  2  percent  greater.  For  the 
total  of  goods  furnished  by  the  farm,  however,  the  schedule  figures 
average  18  percent  higher,  owing  largely  to  the  higher  figures  given 
on  the  schedules  for  food  furnished  by  the  farm.  For  savings  the 
schedule  estimates  fall  8  percent  lower  than  the  account  figures. 
Schedule  figures  on  savings  other  than  insurance  are  25  percent  less 
than  the  account  figures  for  this  item.  When  the  money  value  of 
family  living  is  considered,  the  schedules  average  7  percent  higher 
than  the  accounts. 

Of  the  19  groups  imder  which  the  items  included  in  family  living 
have  been  classified,  11  show  a  higher  average  figure  for  the  schedules 
than  for  the  accounts,  2  almost  identical  figures  (differing  less  than  50 
cents),  and  only  6  a  lower  figure.  Of  the  11  groups  for  which  the 
schedule  averages  are  greater  by  far  the  greatest  absolute  difference 
appears  in  the  value  of  food  furnished  by  the  farm,  the  schedule  aver- 
age exceeding  that  from  the  accounts  by  $151,  or  28  percent  of  the 
account  average.  Money  expenditures  for  food  and  clothing  show 
the  next  largest  excess,  amounting  to  $40  and  $34  respectively.  Since 
the  expenditures  for  these  two  items  were  relatively  large,  the  percent- 
age differences  were  only  13  and  15  percent.  The  highest  percentage 
of  excess  in  the  schedule  averages  occurs  in  expenditures  for  formal 
education,  the  schedule  figure  averaging  39  percent  more  than  that 
from  the  accounts,  although  the  absolute  difference  was  only  $14. 
The  schedule  averages  for  expenditures  for  recreation  and  for  the 
value  of  fuel,  ice,  and  soap  furnished  by  the  farm  are  also  more  than 
20  percent  in  excess  of  the  account  averages,  the  absolute  differences 
being  $16  and  $12.  For  the  other  five  items  for  which  the  schedule 
averages  are  higher  than  the  account  averages — expenditures  for 
household  operation,  medical  care,  community  welfare,  gifts,  and 
savings  in  the  form  of  life  insurance — the  absolute  differences  are 
slight. 

Three  of  the  six  items  for  which  the  schedule  averages  are  less  than 
the  account  averages  also  showed  slight  differences;  the  averages  for 
vocational  expenditures  differed  by  only  $2,  those  for  personal  items 
by  $4,  and  those  for  miscellaneous  expenditures  by  $5.  There  are, 
however,  larger  differences  between  the  two  sets  of  figures  for  housing 
expenditures,  automobile  expenditures,  and  savings  other  than  insur- 
ance, the  excess  of  the  account  over  the  schedule  figures  amounting 
to  $61,  $32,  and  $19,  respectively.  The  difference  between  the 
figures  for  these  three  items  are  due  at  least  in  part  to  the  form  of  the 
schedules  used  in  the  investigation.  Although  the  instructions  car- 
ried by  the  field  workers  when  they  secured  the  schedule  data  directed 
them  to  obtain  figures  on  these  items,  there  was  no  indication  on  the 
schedule  itself  that  figures  on  housing  expenditures,  and  expenditures 
for  new  automobiles,  and  savings  other  than  insurance  were  to  be 
obtained. 

In  the  case  of  housing  expenditures  the  greatest  discrepancy 
occurred  in  the  figures  for  repairs.  Thirty-six  household  accounts 
included  expenditures  of  varying  amounts  for  repairs  to  the  house, 
but  only  10  schedules  included  any  such  figure.  In  consequence 
the  average  expenditure  for  this  item  amounted  to  $75  according  to 
the  accounts,  $15  according  to  the  schedules.     The  omissions  from 
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the  schedule  data  might  have  been  avoided  by  a  slight  change  in  the 
schedule. 

The  difference  between  the  two  averages  for  expenditures  for  auto- 
mobiles is  in  large  part  accounted  for  by  the  fact  that  2  of  the  3 
families  which  purchased  new  automobiles  during  the  year  recorded 
the  amount  of  the  purchase  in  their  accounts,  but  did  not  give  this 
large  item  of  expense  to  the  field  worker  who  obtained  the  schedule 
data.  These  omissions  might  also  have  been  avoided  if  the  section 
of  the  schedule  dealing  with  automobile  expenditures  had  included  a 
question  on  expenditures  for  new  cars. 

Of  the  13  farm  families  recording  savings  other  than  insurance  in 
their  household  accounts,  only  6  reported  such  savings  when  the 
schedule  data  were  obtained.  The  items  included  in  the  accounts, 
but  omitted  on  the  schedules,  covered  deposits  made  in  savings 
accounts,  repayment  of  notes  owed  by  the  family,  and  reduction  of 
outstanding  mortgages.  Changes  in  the  value  of  farm  inventories 
are  no-t  included  in  either  the  account  or  the  schedule  data. 

The  proportion  of  the  taxes  on  the  farm  and  of  the  interest  on  a 
mortgage,  if  any,  chargeable  to  the  farm  house  were  necessarily  com- 
puted figures,  and  the  same  method  was  used  in  computing  the  figures 
to  be  included  with  the  account  and  schedule  data  for  each  family. 
Figures  on  total  taxes  paid  were  the  same  on  both  accounts  and  sched- 
ules, and  the  figures  on  the  total  amount  of  interest  paid  on  mortgages 
were  identical  with  one  exception.  In  that  case  the  diflference  was 
so  small  that  its  effect  on  the  average  for  40  families  was  negligible. 

The  method  of  computing  value  of  housing  furnished  by  the  farm 
has  already  been  discussed  (p.  8).  The  same  estimates  of  the  depre- 
ciated replacement  value  of  the  houses  occupied  were  used  with  both 
the  accounts  and  schedules.  This  fact,  together  with  the  fact  just 
mentioned,  that  the  account  and  schedule  figures  on  interest  paid  on 
mortgages  were  identical  with  only  one  exception,  explains  the 
identity  of  the  averages  on  housing  furnished  by  the  farm. 

The  very  small  difference  (less  than  50  cents)  between  the  account 
and  schedule  figures  on  expenditures  for  furnishings  and  equipment 
seems  to  indicate  that  the  check  list  for  items  of  this  type  provided  on 
the  schedule  covered  the  purchases  of  the  farm  families  cooperating 
in  this  investigation  in  a  very  thorough  fashion.  It  also  implies  that 
purchases  of  furniture  and  equipment  were  important  enough  to 
most  of  these  home  makers  for  them  to  remember  prices  paid  with 
considerable  accuracy. 

The  extent  of  the  agreement  between  the  figures  collected  by  the 
two  methods  used  in  this  study  may  be  judged  from  the  fact  that  the 
coefficient  of  correlation  between  the  account  and  schedule  figures  for 
total  value  of  family  living  is  +0.79  ±0.06;  for  total  money  expend- 
itures 4-0.68  ±0.08;  and  for  the  money  value  of  goods  furnished 
by  the  farm  +0.79  ±0.06. 

The  differences  in  the  results  obtained  by  the  accounts  and  the 
schedules  are  due  in  some  cases  to  chance  variations.  In  other  cases, 
they  may  indicate  persistent  tendencies  to  error,  a  bias  inherent  in 
one  or  the  other  of  the  methods  used.  The  central  problem  of  this 
investigation  is  to  discover  whether  such  persistent  differences  exist. 

An  approach  to  the  problem  may  be  made  by  examining  in  detail 
the  relation  of  the  schedule  to  the  account  figures  from  individual 
families.     In  table  4  is  presented  a  distribution  of  the  40  farm  fam- 
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ilies  by  the  percentage  relationship  of  schedule  to  account  figures  for 
the  various  items  entering  into  the  family  living.  A  percentage 
above  100  indicates  a  schedule  figure  higher  than  the  account  figure; 
a  percentage  below  100  indicates  that  the  schedule  figure  is  lower. 
In  the  case  of  those  items  for  which  the  families  are  more  or  less 
evenly  distributed  above  and  below  100,  average  differences  due  to 
the  influence  of  a  few  large  deviations  may  be  attributed  to  chance. 
But  where  the  families  arranged  in  this  way  are  grouped  at  one  end 
of  the  distribution  a  persistent  bias  is  indicated.  For  example,  the 
40  famihes  are  divided  equally  above  and  below  100  as  regards  the 
percentages  for  household  operation  expenditures;  3  appear  with 
percentages  of  50-74,  17  with  percentages  of  79-99,  11  with  per- 
centages of  100-124,  6  with  percentages  of  125-149,  and  only  3  over 
160  percent.  But  in  the  case  of  food  furnished  by  the  farm,  2  fam- 
ilies appear  with  percentages  below  50,  3  with  percentages  from  75- 
99,  17  with  percentages  from  100-124,  10  with  percentages  from 
125-149,  and  8  over  150  percent. 

Table  4. — Distribution  of  40  farm  families  by  the  relation  of  schedule  to  account 
figures  for  the  various  items  included  in  family  living 

[Account  figure =100] 


Number  of  families  having  percentage  of 
schedule  to  account  figures  of— 

Total 

Item 

Under 
60  per- 
cent 

60-74 
percent 

75-99 
percent 

100-124 
percent 

125-149 
percent 

150  per- 
cent 
and 
over 

number 
report- 
ing! 

Money  expenditures: 

Food 

3 

1 
4 
3 
8 
7 
6 
8 
2 
2 

6 

6 

9 
8 
13 
17 
11 
8 
6 
8 
8 
3 
3 
8 
8 

16 

21 
5 

11 
4 

12 
7 
9 

16 
6 

19 
7 
4 
1 

14 

17 
8 
19 

16 
4 

9 
6 

" 6' 

2 
2 
4 
2 
3 
4 

3' 

4 

3 
4 
2 
3 

10 
7 
9 

11 
9 

12 
6 

14 

13 

40 

Clothing 

40 

Housing - 

15 

39 

Household  operation. _ 

40 

Furnishings  and  equipment 

5 
3 
8 
2 
2 
6 
4 
2 
6 
3 
1 

2 
6 
1 

40 

Automobile.  _ 

39 

Personal  items 

40 

Medical  care . .  _ 

40 

Recreation 

40 

Formal  education 

33 

Vocation.-    

31 

noTTiTTinnity  welfare  . .  _. 

40 

Gifts  to  persons  outside  the  family 

Miscellaneous  items    . 

40 
4 

For  all  money  expenditures _ 

3 

i 

1 
1 
6 
3 

15 

3 
3 

7 

9 
1 

10 
10 

4 

10 

.. 

4 

3 

8 
13 
6 

2 

40 

Goods  furnished  by  the  farm: 

Food    

40 

Fuel,  ice,  and  soap 

33 

For  value  of  all  goods  furnished 

40 

Savings: 

Life  insurance    _  . 

32 

other  savings 

8 

1 

14 

For  all  savings  

2 
6 

2 

1 

33 

Money  value  of  family  living 

40 

>  Includes  families  reporting  item  in  account  or  schedule  or  both. 

This  procedure  gives  some  insight  into  the  behavior  of  the  series 
under  consideration,  but  does  not  supply  any  exact  index  of  the  sig- 
nificance of  the  differences.  For  this  purpose  one  may  use  a  method 
originated  by  Student  and  developed  by  R.  A.  Fisher,  of  the  Rotham- 
sted  Experimental  Station  (4).  According  to  this  method,  a  value 
t  is  computed  from  the  following  equation: 


^„?v^, 
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in  which 


X  =  the  average  difference, 

n  =  the  number  of  differences, 

s  =  the  standard  deviation  of  the  differences. 
For  the  purpose  of  the  present  investigation 

X  =  the  average  difference  between  the  account  and  sched- 
ule figures  for  a  given  item, 

n  =  the  number  of  differenees, 

s  =  the  standard  deviation  of  the  differences  between  the 
account  and  schedule  figures  from  individual  families. 
Variations  in  the  value  of  t  are  then  used  as  an  index  of  the  signifi- 
cance of  the  differences  to  which  they  apply.  The  smaller  the  num- 
ber of  cases  in  the  samples  considered,  the  higher  the  value  of  t 
required  to  indicate  any  given  degree  of  significance.  Fisher  has 
computed  a  table  w^hich  shows  for  any  value  of  t  how  frequently  the 
average  difference  to  which  it  applies  would  occur  by  chance,  assum- 
ing there  were  no  difference  either  in  the  imiverses  from  which  the 
samples  were  drawn,  or  in  the  methods  of  securing  the  data  in  each 
sample.  In  statistical  analyses,  a  difference  which,  it  is  estimated, 
would  occur  by  chance  in  only  5  of  100  cases,  is  usually  accepted  as 
a  significant  difference.  In  comparing  paired  samples,  like  the  ones 
in  the  present  investigation,  each  with  40  cases,  a  difference  is  regarded 
as  significant  when  the  value  of  t  is  2.00  or  higher. 

The  values  of  t  shown  for  the  different  items  in  table  3  indicate  for 
the  40  families  combined  a  significant  difference  between  the  account 
and  schedule  averages  for  expenditures  for  food,  clothing,  and  housing, 
and  for  the  money  value  of  food  and  of  the  total  of  all  goods  fur- 
nished by  the  farm.  The  possibihty  of  remedying  the  omissions  in 
the  schedule  figures  for  expenditures  for  housing  have  been  men- 
tioned above.  The  difference  in  dollars  between  the  account  and 
schedule  figures  for  food  and  clothing  purchases  are  relatively  not 
very  large,  but  the  values  of  t  applying  to  these  differences  bring  out 
the  fact  that  the  schedule  figures  are  persistently  larger  than  the 
account  figures.  The  difference  between  the  average  account  and 
schedule  figures  for  the  money  value  of  food  furnished  by  the  farm 
is  very  striking,  and  the  value  of  t  for  this  item  is  so  large  that  there 
can  be  no  doubt  that  the  difference  in  the  method  of  collecting  the 
figures  had  an  important  influence  on  the  figures  obtained  for  food 
furnished  by  the  farm. 

In  consiaering  the  differences  between  the  account  and  schedule 
figures,  it  is  important  to  keep  in  mind  the  fact  that  the  account 
figures  from  the  three  eroups  of  families  were  obtained  by  different 
methods.  The  effect  oi  these  differences  in  method  on  the  relation- 
ship between  the  schedule  and  account  figures  is  reflected  in  table  5. 
It  seems  reasonable  to  attribute  the  persistence  of  percentages  above 
100  for  the  Vermont  group  to  omissions  in  their  accounts,  due,  at 
least  in  part,  to  the  fact  that  the  accounts  from  this  group  were  not 
supervised  throughout  the  record  period.  Arranged  in  this  way,  the 
Maryland,  Ohio,  and  Illinois  families,  whose  accounts  were  super- 
vised by  mail,  are  much  more  evenly  distributed  above  and  below 
100  than  are  those  from  Vermont. 
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Table  6  continues  the  analysis  of  the  figures  from  the  three  groups 
of  families  from  whom  accounts  were  received,  by  presenting  averages 
from  the  accounts  and  schedules  from  each  group,  the  absolute  differ- 
ences between  the  account  and  schedule  averages,  their  percentage 
relationship,  the  standard  deviations  of  the  differences  between  the 
account  and  schedule  figures  for  each  item,  and  the  t  measure  of  the 
significance  of  the  differences.  Here  again  the  persistent  differences 
between  the  account  and  schedule  figures  from  the  Vermont  families 
are  very  striking.  For  only  3  out  of  the  19  items  for  which  averages 
are  presented  are  the  schedule  figures  smaller  than  the  accoimt  figures 
from  this  group,  although  10  schedule  averages  are  smaller  than  the 
account  averages  in  the  figures  from  the  Maryland  group,  and  11  in 
the  figures  from  the  Ohio  and  Illinois  group. 

The  relatively  larger  difference  between  account  and  schedule 
figures  for  total  value  of  family  living  for  the  Vermont  group  is  also 
of  interest.  For  the  other  two  groups,  differences  in  the  various 
figures  which  are  included  in  total  value  of  family  living  combine 
in  such  a  way  that  the  average  difference  between  the  totals  is  very 
small  indeed — only  4  percent  of  the  account  total  for  one  group  and 
1  percent  for  the  other.  For  the  Vermont  groups,  however,  the 
average  value  of  family  living  is  16  percent  higher  as  shown  by  sched- 
ules than  as  shown  by  the  accounts. 

Total  money  expenditures  as  shown  by  the  schedules  of  both  the 
Maryland  and  the  Ohio  and  lUinois  groups  are  smaller  than  expendi- 
tures as  shown  by  the  accounts,  the  difference  amoimting  to  5  percent 
of  the  account  average  in  one  case,  and  10  percent  in  the  other. 
For  the  Vermont  group,  however,  the  schedule  average  for  total  money 
expenditures  exceeds  the  account  average  by  20  percent. 

The  differences  between  the  averages  for  goods  furnished  by  the 
farm  are  similar  for  the  three  groups;  for  each  group  the  schedule 
figures  considerably  exceed  the  account  figures. 

The  Vermont  group  again  differs  from  the  other  two  in  the  figures 
on  savings.  The  schedule  average  for  payments  on  life  insurance  by 
the  Vermont  families  is  19  percent  larger  than  the  account  average. 
For  all  the  other  figures  on  savings,  the  account  averages  exceed  the 
schedule  averages. 

The  difference  in  the  size  of  these  three  samples  must  be  taken  into 
account  in  interpreting  the  significance  of  the  differences  between  their 
account  and  schedule  averages.  According  to  the  table  prepared  by 
Fisher  for  the  use  of  the  t  measure,  a  significant  difference  is  indicated 
when  the  sample  includes  19  cases,  and  the  value  of  t  amounts  to  or 
exceeds  2.10;  when  the  sample  includes  13  cases  and  the  value  of  t 
amounts  to  or  exceeds  2.18;  when  the  sample  includes  8  cases  and  the 
value  of  t  amounts  to  or  exceeds  2.37. 

An  analysis  of  the  values  of  t  applying  to  the  differences  between 
the  accounts  and  schedules  from  the  19  Maryland  farm  families  shows 
that  in  this  group  5  out  of  the  22  differences  for  which  values  of  t 
have  been  computed  must  be  regarded  as  significant,  those  for  value 
of  food  furnished  by  the  farm  and  for  all  goods  furnished  by  the  farm, 
and  for  expenditures  for  food,  clothing,  and  recreation.  The  distri- 
bution of  the  percentages  shown  in  table  5  had  already  indicated  the 
persistent  differences  between  the  schedule  and  account  figures  from 
the  Maryland  families  for  these  items. 
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The  values  of  t  applying  to  the  differences  between  the  account  and 
schedule  averages  from  the  13  Vermont  families  indicate  significant 
differences  for  money  value  of  family  living,  total  money  expendi- 
tures, expenditures  for  clothing,  and  value  of  food  furnished  by  the 
farm. 

Only  two  of  the  values  of  t  applying  to  the  differences  between  the 
account  and  schedule  figures  from  the  Ohio  and  Illinois  families  indi- 
cate significant  variations.  However,  one  of  these  values  is  extremely 
important  for  the  interpretation  of  the  data,  as  it  shows  the  difference 
between  the  account  and  schedule  figures  on  total  money  expendi- 
tures to  be  a  significant  one.  The  excess  of  the  account  average  for 
expenditures  for  furnishings  and  equipment  over  the  schedule  average 
is  the  only  other  difference  in  the  figures  from  this  group  for  which 
the  value  of  t  exceeds  2.37,  although  in  two  other  cases  its  value 
approaches  this  point.  An  inspection  of  the  differences  between  the 
two  sets  of  figures  for  the  various  money  expenditures  of  this  group 
shows  that  for  the  items  where  the  schedule  average  exceeds  the 
account  average  the  differences  are  small,  $3  or  less,  but  that,  where 
the  account  average  exceeds  the  schedule  average,  most  of  the  differ- 
ences are  considerably  larger.  The  persistent  differences  between 
these  two  sets  of  figures  for  total  expenditures  are  evidently  caused  by 
a  cumulation  of  account  figures  somewhat  larger,  but  not  significantly 
larger,  than  the  schedule  figures  for  a  great  many  items.  Table  5 
shows  that  the  account  figure  on  total  money  expenditures  exceeded 
the  schedule  figure  for  all  the  families  in  the  Ohio  and  Illinois  group. 

FOOD  CONSUMPTION  OF  MARYLAND   AND  VERMONT  FARM  FAMILIES 

The  accuracy  of  figures  on  the  amounts  and  kinds  of  food  consumed 
by  famiUes  of  different  types  is  of  even  greater  importance  than  the 
accuracv  of  the  other  figures  making  up  the  total  family  living.  A 
relatively  large  proportion  of  the  total  money  value  of  the  Uving  of 
most  families  is  represented  by  the  value  of  their  food,  and  the 
amount  and  character  of  that  food  is  crucial  for  health.  There  is 
more  general  agreement  among  specialists  in  human  nutrition  as  to 
the  needs  of  the  human  bodv  for  food  than  among  any  other  ^oup 
of  scientists  whose  work  can  be  applied  to  evaluation  of  family  hving, 
and  on  this  account  also  it  is  of  especial  importance  to  make  data  on 
food  consumption  as  accurate  as  possible. 

On  the  other  hand,  it  is  particularly  difficult  to  procure  accurate 
figures  on  food  consumption.  The  fact  that  in  most  families  new 
food  supplies  are  brought  into  the  house  every  day,  and  sometimes 
oftener,  makes  an  accurate  record  over  a  long  period  of  time  very 
difficult  to  keep.  Most  students  of  food  consumption,  following 
Atwater's  (2)  example,  have  used  records  kept  by  trained  investi- 
gators (for  relativelv  short  periods). 

The  data  available  for  the  present  report  on  the  amount  and  kinds 
of  food  consumed  by  farm  families  are  based  on  accounts  kept  for  1 
year  and  schedules  for  1  year  from  18  Maryland  and  13  Vermont 
families. 

Table  7  presents  the  figures  for  the  accounts  and  schedules  of  these 
two  groups  of  families  on  quantities  of  specified  food  materials  pur- 
chased and  furnished  by  the  farm.  For  some  foods  there  are  very 
great  differences  between  the  account  and  schedule  figures.  The 
schedule  figures  on  quantities  of  the  following  foods  furnished  by  the 
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farm  were  more  than  twice  as  large  as  the  account  figures:  Bacon  and 
salt  pork  furnished  the  Maryland  families;  leafy  vegetables  and  fresh 
fruits  furnished  the  Vermont  families.  In  the  case  of  foods  purchased 
the  account  averages  for  eggs  purchased  by  both  the  Maryland  and 
Vermont  families,  and  for  milk  purchased  by  the  Vermont  famiUes  are 
relatively  small,  and  the  schedule  averages  are  more  than  seven  times 
the  account  averages. 

Table  7. — Quantities  of  specified  food  materials  furnished  by  the  farm  and  purchased 
during  1  year  hy  18  Maryland  and  13  Vermont  farm  families  as  shown  by 
accounts  and  schedules 


A 

verage  quantities  for 

- 

Relation  of  schedule 
to  account  average 
(account  average= 
100) 

Food  material 

18  Maryland  fam- 
iles    as   shown 
by- 

13   Vermont  fam- 
ilies as  shown 
by- 

18  Mary- 
land 
families 

13  Ver- 
mont 

Accounts 

Sched- 
ules 

Accounts 

Sched- 
ules 

families 

Furnished  by  the  farm: 

Meat,  fish,  and  poultry .  ... 

Pounds 

941 

170 

8 

2,448 

74 

32 

71 

94 

1,291 

106 

258 

205 

649 

754 

182 

20 

259 
2 

10 

22 
(0 

65 

(0 

10 

39 

1 

19 

61 

85 

524 

36 

236 

361 

165 

538 

Pounds 

999 

216 

5 

2,413 

101 

47 

242 

142 

1,385 

199 

393 

299 

928 

1,117 

260 

38 

294 
22 
12 

Pounds 
218 
172 

(0 

2,966 

84 

19 

6 

5 

974 

98 

53 

82 

303 

285 

16 

3 

258 

8 

18 

1 

11 

131 

18 

72 

296 

36 

29 

32 

60 

262 

39 

125 

469 

143 

506 

Pounds 
360 
174 

Percent 
106 
127 
63 
99 
136 
147 
341 
151 
107 
188 
152 
146 
143 
148 
137 
190 

114 

1,100 

120 

Percent 
165 

Eggs 

101 

Cheese.. .„. I.:." 

Milk. 

3,  211 

161 

2 

7 

4 

1,265 

168 

105 

181 

463 

643 

13 

108 
192 

Cream 

Butter  and  butter  substitutes 

Bacon  and  salt  pork 

Lard  and  lard  substitutes 

80 
130 

Potatoes  and  sweetpotatoes . 

other  root  vegetables 

171 

Tomatoes.      .  

198 

Leafy  vegetables . 

221 

other  vegetables 

163 

Fruits,  fresh  2 

226 

Flour 

87 

other  cereals 

Purchased: 

Meat,  fish,  and  poultry 

326 

59 

28 

94 

2 

163 

21 

67 

349 

78 

34 

29 

72 

382 

38 

114 

640 

185 

594 

126 

Eggs         _.. 

738 

Cheese 

156 

Milk 

9,400 
18 

Cream 

Butter  and  butter  substitutes  .-.  . 

71 

65 
4 
13 

68 
102 
726 

50 
232 
632 
271 
553 

109 

124 

Bacon  and  salt  pork 

117 

Lard  and  lard  substitutes 

180 
167 
400 

68 
114 
120 
138 
139 

98 
147 
164 
103 

93 

Potatoes  and  sweetpotatoes 

118 

Other  root  vegetables 

217 

Tomatoes 

Leafy  vegetables 

117 
91 

other  vegetables 

120 

Fruits,  fresh...      

146 

Fruits,  dried  and  canned .. 

97 

Bread 

91 

Flour 

115 

other  cereals ...  . 

129 

Sweets 

117 

I  Amount  negligible. 


*  Including  home-produced  fruits  canned. 


The  account  averages  on  the  consumption  of  milk  furnished  by  the 
farm  and  of  bread  purchased  are  within  10  percent  of  the  averages 
from  the  schedules  for  both  the  Maryland  and  Vermont  families.  The 
average  for  sweets  as  given  in  the  Maryland  accounts  is  within  3 
percent  of  the  average  given  in  the  Maryland  schedules,  but  the  dis- 
crepancy between  the  Vermont  account  and  schedule  average  amounts 
to  17  percent  of  the  account  figure.  Close  agreement  is  shown  in  the 
averages  from  the  Maryland  accounts  and  schedules  for  meat,  fish, 
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and  poultry,  and  potatoes  furnished,  and  butter  and  butter  substi- 
tutes purchased,  and  in  the  averages  from  the  Vermont  accounts  and 
schedules  for  eggs  furnished  by  the  farm,  and  for  lard  and  lard  sub- 
stitutes, leafy  vegetables,  and  dried  and  canned  fruits  purchased.  In 
general,  the  schedule  figures  on  quantities  of  foods  purchased  and 
furnished  by  the  farm  are  much  larger  than  the  account  figures. 

It  is  impossible  to  conclude  from  these  comparisons  either  that  the 
schedule  data  overstate  the  quantities  of  food  purchased  or  furnished 
by  the  farm,  or  that  the  accounts,  being  incomplete,  understate  these 
quantities.  Differences  between  the  account  and  schedule  figures 
from  individual  families  indicate  that  there  were  sometimes  omissions 
in  the  schedule  data  and  sometimes  in  the  accounts.  Food  purchases 
are  apt  to  occur  very  frequently  in  farm  families  of  the  type  cooperating 
in  this  study,  and  food  is  brought  into  the  kitchen  and  pantry  from 
bam,  chicken  house,  garden,  and  storeroom  in  most  farm  families 
more  than  once  a  day.  The  diflSculties  of  keeping  a  complete  record 
for  a  year,  or  of  accurately  estimating  at  the  end  of  the  year  quantities 
consumed  during  that  period,  are  enormous.  Conspicuous  errors  in 
the  accounts,  such  as  omitting  for  a  week  milk,  meat,  potatoes  or 
bread  (in  a  bread  purchasing  family)  were  noticed  in  the  weekly  editing 
of  the  Maryland  accounts,  and  a  letter  was  written  to  the  home  maker 
to  ask  her  to  repair  the  omission  if  she  could.  It  seems  quite  likely, 
however,  that  it  is  impossible  to  insure  a  high  degree  of  accuracy  in 
records  of  this  sort  without  frequent  visits  from  a  field  worker.  As 
the  figures  stand,  it  is  impossible  to  say  which  are  the  more  accurate, 
the  schedule  or  the  account  reports.  This  comment  applies  to  all 
the  account  and  the  schedule  figures  being  considered  in  this  report, 
but  the  diflSculties  of  procuring  a  complete  record  of  food  received 
during  a  year  are  so  great  that  it  is  worth  while  to  emphasize  the 
imperfect  nature  of  both  the  account  and  schedule  figures  at  this  point 

The  field  workers  who  obtained  the  schedule  figures  took  especial 
care  to  ask  the  home  makers  to  exclude  from  their  estimates  waste  in 
storage,  and  food  fed  to  farm  animals.  The  instructions  given  the 
families  who  kept  accounts  in  Maryland  and  Vermont  for  recording 
food  purchased  and  furnished  by  the  farm,  directed  them  not  to 
record  in  their  accounts  meats,  fruits,  and  vegetables  as  they  were 
stored  in  the  cellar,  but  as  they  were  brought  into  the  kitchen  for  use, 
so  that  waste  in  storage  is  not  included  in  the  figures  available  for 
this  report.  No  record  of  losses  in  food  preparation  was  asked.  The 
cooperating  home  makers  recorded,  however,  the  quantity  of  edible 
food  materials  not  used  for  the  family.  Notes  on  the  waste  sheets 
make  it  obvious  that  most  of  the  foods  listed  as  'Svasted''  represent 
table  waste,  which  was  as  a  rule  fed  to  pets  or  to  farm  animals.  There 
were  also  small  quantities  of  food  recorded  as  having  spoiled  in 
refrigerator  or  pantry.  The  average  quantities  of  such  waste  as 
reported  are  relatively  small.  The  quantities  varied  considerably 
from  family  to  family  and  from  time  to  time  in  the  same  family. 

The  food  reported  as  ''wasted"  in  largest  quantity  is  milk,  the 
average  quantity  not  used  for  the  family  being  119  pounds  in  the 
Maryland  famihes  and  94  pounds  in  the  Vermont  families,  5  and  3 
percent  respectively  of  the  total  amount  of  milk  recorded  as  received. 
The  Maryland  families  reported  not  using  16  pounds  of  the  potatoes 
originally  prepared  for  the  table,  and  the  Vermont  families  42  pounds; 
the  Maryland  families  reported  13  pounds  of  meat  as  not  used  for  the 
table  and  the  Vermont  families  2  pounds.     For  the  other  groups  of 
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foods  listed  in  table  7  the  quantities  recorded  as  not  used  for  the 
family  averaged  not  more  than  10  pounds  during  the  entire  year  for 
either  the  Maryland  or  the  Vermont  families.  The  differences 
between  the  account  and  schedule  figures  on  food  purchased  and 
furnished  by  the  farm  make  it  seem  likely  that  these  records  of 
edible  food  not  used  for  the  family  are  incomplete.  The  irregularity 
of  the  quantities  of  waste  recorded  emphasizes  the  fact  that  studies 
of  the  nutritional  adequacy  of  food  consumption  should  include 
complete  records  of  waste  kept  for  short  periods  at  different  seasons 
of  the  year.  It  is  difficult,  if  not  impossible,  for  the  home  maker  to 
remember  the  kinds  and  quantities  of  table  waste  and  of  spoilage  in 
refrigerator  and  pantry,  and  to  estimate  the  quantities  for  an  entire 
year.  The  difficulties  of  keeping  a  complete  record  of  waste  during  a 
long  period  are  also  very  grieat. 


CLOTHING    EXPENDITURES 


Figures  on  average  clothing  expenditures  in  the  year  1926-27  for 
the  40  farm  families  who  kept  accounts  have  already  been  presented 
in  the  summary  tables  giving  distribution  of  total  fanuly  living.  The 
differences  between  the  account  and  schedule  figures  were  rdatively 
small  in  Ohio  and  Illinois,  but  four  fifths  of  the  schedules  from  the 
Maryland  and  Vermont  families  showed  total  clothing  expenditures 
larger  than  those  given  in  the  accounts  for  the  same  families.  Table 
8  presents  separate  figures  on  the  clothing  expenditures  for  wives  and 
husbands  in  the  three  State  groups.  It  shows  that  the  schedule 
estimates  for  the  Maryland  wives'  clothing  expenditures  were  very 
close  to  the  account  figures,  but  that  for  the  clothing  expenditures  of 
the  Maryland  husbands  there  was  a  significant  difference  between  the 
schedule  estimates  and  the  account  records.  In  Vermont  the  aver- 
age account  figures  for  both  wives  and  husbands  were  very  much 
lower  than  the  average  schedule  figures,  the  values  for  t  showing  the 
difference  in  the  case  of  the  figures  for  the  wives  in  the  Vermont 
families  to  be  significant.  In  Ohio  and  Illinois,  the  differences 
between  account  and  schedule  figures  were  small.  The  schedule 
figures  for  the  husbands'  clothing  in  this  last  group  were  above  the 
account  figures  in  4  cases  and  below  in  4  cases. 

Table  8. — Clothing  expenditures  during  1  year  for  wives  and  husbands  as  shown  by 
accounts  and  schedules  from  Ifi  farm  families 


Group 

Persons 

Average  expendi- 
tures as  shown 
by- 

Schedule 
minus 
account 
average 

Relation 
of  sched- 
ule to  ac- 
count 
average 
(account 
average 
=  100) 

Stand- 
ard 
devia- 
tion 
of  the 
differ- 
ences 

ti 

Accounts 

Sched- 
ules 

Wives: 

Maryland... 

Number 
19 
13 
8 

19 
13 

8 

Dollars 
105 
59 
43 

73 

38 
64 

Dollars 
108 
81 
48 

80 
69 
68 

Dollars 

+3 

-f22 

+5 

/J 

+4 

Percent 
103 
137 
112 

110 
165 
107 

Dollars 
13.96 
18.21 
7.16 

13.27 
34.87 
18.60 

.94 

Vermont 

4.36 

Ohio  and  Illinois 

1.98 

Husbands: 

Maryland 

2.30 

Vermont 

2.17 

Ohio  and  Illinois 

.61 

fVw 


1  Computed  according  to  the  formula  twm^^LH.,  in  which  2  represents  the  average  difference,  n  the 
number  of  differences,  and  s  the  standard  deviation  of  the  differences  Ut  P-  lOS) . 
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HOUSEHOLD-OPERATION    EXPENDITURES 

Differences  between  the  figures  for  household-operation  expendi- 
tures as  given  in  the  accounts  and  schedules  are  relatively  small. 
Table  9  presents  in  detail  the  most  important  of  the  items  classified 
under  this  heading.  The  largest  actual  difference  appears  in  the  case 
of  laundry  and  other  service  expenditures  among  the  Vermont 
families,  the  greatest  relative  difference  in  the  case  of  expenditures  for 
ice  by  this  same  group.  In  the  cases  of  the  Maryland  light  and  power 
expenditures  and  the  Vermont  stationery  expenditures,  the  values 
for  i  indicate  the  difference  between  the  account  and  schedule  figures 
to  be  significant. 

Table  9. — Expenditures  during  1  year  for  the  most  important  items  connected  with 
household  operation  as  shown  by  accounts  and  schedules  from  Jfi  farm  families 


state  group  and  item 


Average  expendi- 
ture as  shown 
by- 


Ac- 
counts 


Sched- 
ules 


Schedule 
minus 
account 
average 


Relation  of 
schedule  to 
account 
average 
(account 
average 
=  10^ 


Standard 
deviation 

of  the 
differences 


10  Maryland  familias: 

Fuel 

Light  and  power 

Telephone 

Ice 

Supplies 

Laundry  and  other  services 

Stationery 

13  Vermont  families: 

Fuel 

Light  and  power 

Telephone 

Ice 

Supplies 

Laundry  and  other  services. 

Stationery 

8  Ohio  and  Illinois  families: 

Fuel 

Light  and  power 

Telephone 

Ice 

Supplies 

Laundry  and  other  services. 

Stationery 


Dollars 
71 
34 
24 
8 
9 
87 
4 

59 
36 
18 

3 
14 
27 

7 


Dollars 
77 
24 


Dollars 
+6 
-10 
-1 

+1 

+1 
-f7 
+1 

-6 
-1 
+2 
+4 
+1 
+12 
+7 

-3 
-4 

-3 
-3 

+8 
-1 


Percent 
108 
71 
96 
113 
111 
108 
125 

90 
97 
111 
233 
107 
144 
200 

97 
85 
94 
67 
73 
118 
80 


Dollars 
23.47 
12.65 

3.61 
13.89 

4.58 
26.23 

3.32 

62.96 
25.83 

7.75 
14.59 

6.71 
44.70 
10.82 

55.34 
16.06 
9.80 
8.00 
7.68 
29.36 
2.24 


1.11 
3.45 
1.21 
.31 
.95 

Lie 

L31 

.34 
.14 
.93 
.90 
.54 
.97 
2.34 

.15 
.70 
.29 
LOfl 
Lll 
.77 
L26 


1  Computed  according  to  the  formula  f— ?2L!?,  in  which  f  represents  the  average  difference,  n  the 
number  of  differences,  and  s  the  standard  deviation  of  the  differences  U,  p.  106). 


RECREATION    EXPENDITURES 


Expenditures  for  goods  and  services  used  in  connection  with  recrea- 
tion activities  of  the  cooperating  farm  families  were  relatively  small, 
but  for  certain  of  the  items  classified  under  this  heading,  differences 
between  the  account  and  schedule  figures  were  comparatively  large. 
The  schedule  estimates  of  the  Maryland  and  Vermont  families  were 
in  general  larger  than  the  figures  given  in  the  accounts,  but  figures 
from  the  Ohio  and  Illinois  accounts  were  larger  than  the  figures  on 
the  schedules  from  these  same  families.  The  account  and  schedule 
averages  for  dues  and  other  expenditures  connected  with  member- 
ship in  recreational  associations  as  reported  bv  both  the  Maryland 
and  Vermont  families  and  expenditures  for  children's  play  equip- 
ment as  reported  by  the  Maryland  families  were  in  approximate 
agreement.  Detailed  figures  on  the  recreation  expenditures  of  the 
three  groups  of  farm  families  are  given  in  table  10. 
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Table  10— Expenditures  during  1  year  for  the  various  items  connected  with  recrea- 
tion as  shown  by  accounts  and  schedules  from  40  farm  families 


State  group  and  item 


Average  expendi- 
ture as  shown 
by- 


Ac- 
count 


Sclied- 
ule 


Schedule 
minus 
account 


Relation  of 
schedule  to 
account 
average 
(account 
average = 
100) 


Standard 

deviation  of 

the  differ 

ences 


19  Maryland  families: 

Reading 

Associations 

Entertaining* 

Plays,  concerts,  and  other  amusements. 

Children's  play  equipment. 

Other  recreational  equipment 

Vacation  trips... 

18  Vermont  families: 

Reading 

Associations 

Entertaining  » 

Plays,  concerts,  and  other  amusements 

Children's  play  equipment 

Other  recreational  equipment 

Vacation  trips 

8  Ohio  and  Illinois  families: 

Reading 

Associations 

Entertaining* 

Plays,  concerts,  and  other  amusements 

Children's  play  equipment.. 

Other  recreational  equipment 

Vacation  trips 


Dollars 

16 

9 

1 

16 
4 
7 
16 

4 
3 

2 

18 

1 

27 


Dollars 
17 


(?) 


33 


Dollars 
+1 

(») 
-1 
+7 

0) 
+4 
+3 

+10 
(?) 
-2 

+16 
-1 

+7 
+13 

-1 
-4 


Percent 
106 
100 


147 
100 
157 
119 

350 
100 


183 
'126 


Dollars 
3.61 
1.00 
2.24 

19.92 
5.48 
6.00 

10.49 

6.32 
3.00 
4.24 
20.90 
1.41 
13.00 
56.14 

6.92 
6.40 


27 


8.83 
2.65 
18.  65 
15.97 


1.21 
.44 
1.95 
1.53 
.08 
2.91 
1.25 

5.71 
.60 
1.70 
2.69 
2.56 
1.94 
.84 

.48 
1.77 


1.60 

2.14 

1.21 

.18 


*  Computed  according  to  the  formula  f  = >  in  which  x  represents  the  average  difference,  n  the  num- 
ber of  differences,  and  s  the  standard  deviation  of  the  differences  (4,  p.  lOEi). 

*  Food  used  for  entertaining  guests  included  with  figures  on  food  for  family. 
'  Less  than  50  cents. 


The  values  of  t  given  in  the  last  column  of  table  10  indicate  signifi- 
cant differences  between  account  and  schedule  figures  for  expendi- 
tures for  recreational  equipment  other  than  children's  play  equipment 
by  the  Maryland  families,  and  for  reading  matter,  plays,  concerts,  and 
other  amusements,  and  children's  play  equipment  by  the  Vermont 
families.  In  only  2  out  of  the  19  cases  were  the  account  figures  on 
purchases  of  recreational  equipment  for  adults  in  the  Maryland 
families  arger  than  the  schedule  figures.  In  none  of  the  13  cases  were 
the  account  figures  on  purchases  of  reading  matter  by  the  Vermont 
families  as  large  as  the  schedule  figures ;  in  only  2  cases  did  the  account 
figures  on  expenditures  for  plays,  concerts,  and  other  amusements  by 
this  group  exceed  the  schedule  figures.  The  relatively  large  difference 
between  account  and  schedule  figures  on  expenditures  for  vacation 
trips  by  Vermont  families  is  caused  by  the  difference  between  the 
figures  furnished  by  one  family.  The  home  maker  in  this  family 
estimated  that  vacation  trips  had  cost  the  family  $200,  but  she 
recorded  in  her  year's  accounts  only  $4  as  spent  for  this  purpose. 
Differences  between  the  account  and  schedule  figures  on  cost  of 
vacation  trips  for  the  other  12  families  were  small;  in  5  cases  account 
figures  were  larger  than  those  from  schedules,  in  3  they  were  smaller, 
in  4  neither  account  nor  schedule  showed  any  entry  under  this  heading. 
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THE  EFFECT  OF  KEEPING  ACCOUNTS  UPON  THE  SCHEDULE  ESTIMATES 

It  is  evident  that  the  home  maker  who  has  kept  household  accounts 
during  the  year  will  be  able  to  recall  the  receipts  and  expenditures  of 
her  family  for  that  period  more  accurately  than  one  who  has  not  kept 
systematic  records  in  the  immediate  past.  The  very  process  of 
making  the  entries  from  day  to  day  would  presumably  impress  them 
on  her  memory  even  though  she  had  not  summarized  them.  The 
schedule  estimates  of  the  families  in  this  study  may  therefore  be  more 
accurate  than  those  generally  obtained  in  studies  using  this  method, 
since  most  families  do  not  have  complete  records  of  receipts  and 
expenditures. 

An  effort  was  accordingly  made  to  determine  what  effect,  if  any, 
keeping  accounts  had  upon  the  schedule  estimates  which  are  com- 
pared with  figures  from  household  accounts  in  this  investigation. 

As  explained  above,  schedules  for  two  consecutive  years  were 
secured  from  a  second  group  of  19  farm  families  in  Maryland  that 
had  not  kept  household  accounts.  They  were  selected  so  as  to  be 
as  similar  as  possible  to  the  19  Maryland  farm  families  that  kept 
accounts.  Schedules  covering  their  family  living  in  the  year  before 
they  kept  accounts  were  secured  from  the  Maryland  families  whose 
accounts  and  schedules  for  an  identical  year  have  already  been  ana- 
lyzed. A  comparison  of  the  figures  of  each  group  for  the  2  years 
will  show  whether  those  of  the  group  that  kept  accounts  differ  more 
than  those  of  the  other  group.  If  such  a  difference  appears,  and  if 
the  1925-26  schedule  figures  from  the  families  having  kept  accounts 
exceed  the  1926-27  schedule  figures  from  these  families  for  the  same 
items  for  which  the  1926-27  schedules  exceed  the  account  figures  for 
that  year,  the  differences  may  probably  be  attributed  to  the  effect  of 
having  kept  the  accounts. 

Of  the  19  families  in  the  control  group,  10  were  engaged  in  general 
farming,  3  in  dairy  farming,  4  in  dairy  farming  combined  with  farming 
of  other  types,  1  in  truck  gardening,  and  1  in  raising  grain.  The 
average  size  of  their  farms  was  111  acres.  There  were  slightly  more 
owners  in  the  control  group  than  among  the  Maryland  families  who 
kept  accounts  and  the  control  group)  had  slightly  smaller  farms. 

Schedule  figures  on  value  of  family  living  for  the  year  1925-26, 
when  the  two  groups  were,  as  far  as  could  be  ascertained,  on  an  equal 
basis  as  regards  estimating  ability,  show  an  average  value  of  living 
of  $3,303  for  the  families  who  kept  accounts  during  the  ensuing  year, 
and  of  $2,720  for  the  families  who  did  not  do  so. 

Average  size  of  family  in  the  two  groups  was  almost  exactly  the 
same,  3.9  persons  in  the  group  who  kept  accounts,  and  3.8  persons  in 
the  control  group.  The  number  of  young  children  in  the  two  groups 
was  very  similar  There  were  5  children  under  6  years  old  in  the 
control  group  as  compared  with  7  in  the  group  keeping  accounts. 

The  formal  education  of  the  home  makers  and  their  husbands  in 
the  control  group  was  slightly  more  extensive  than  that  of  the  Mary- 
land group  who  kept  accounts.  Contacts  were  first  made  with  the 
families  in  the  control  group  through  the  extension  service. 

Table  1 1  presents  figures  on  the  average  value  of  the  various  items 
included  in  family  living  for  the  2  years,  1925-26  and  1926-27,  for  the 
group  that  had  not  kept  accounts.  The  differences  between  the 
average  schedule  figures  for  the  2  years  were  relatively  small.  Aver- 
age money  value  of  family  living  was  estimated  as  4  percent  higher 
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in  1925-26  than  in  1926-27,  goods  furnished  by  the  farm  as  6  percent 
higher,  money  expenditm-es  as  3  percent  higher,  and  hfe  insurance 
24  percent  lower.  The  greatest  percentage  differences  occurred  in 
the  average  amounts  estimated  as  spent  for  gifts  and  for  medical  care. 

Table  11. — Differences  between  the  money  value  of  the  various  items  included  in 
family  living  for  the  years  1925-26  and  1926-27  as  shown  by  schedules  from  19 
Maryland  farm  families  who  did  not  keep  accounts 


Average  value 

1925-26 
average 
minus 
1926-27 
average 

Relation 

of  1926-26 

to  1926-27 

average 

(1926-27 

average= 

100) 

Standard 
deviation 
of  the  dif- 
ferences 

Item 

1925-26 

1926-27 

t» 

Money  expenditures: 

Food.. 

Dollars 

329 

299 

50 

166 

49 

65 

37 

118 

64 

22 

4 

46 

52 

6 

Dollars 

349 

249 

54 

168 

65 

74 

46 

64 

70 

38 

5 

51 

25 

16 

Dollars 

-20 

+50 

-4 

-2 

-6 

-9 

-9 

+64 

-16 

-16 

-1 

-5 

+27 

-11 

Percent 
94 

120 
93 
99 
89 
88 
80 

219 
77 
68 
80 
90 

208 
31 

Dollars 
69.80 

108.33 
12.58 
96.43 
39.05 
70.45 
37.28 

187.09 
48.86 
69.95 
3.14 
26.52 
46.24 
73.79 

1.25 

Clothing    

2.01 

Housing 

1.39 

.09 

Furnishings  and  equipment 

.67 

Automobile 

.66 

1.05 

Medical  care    .  .    . 

1.49 

Recreation 

1.43 

1.16 

"Vocation                    .      .... 

1.39 

Community  welfare 

.82 

Gifts  to  persons  outside  the  family 

Miscellaneous  items     .            .  . 

2.55 
.65 

Total  money  expenditures 

1,296 

1,264 

+42 

103 

336.  39 

.54 

Goods  furnished  by  the  farm: 

Food.. 

1,074 

222 

56 

995 

222 

55 

+79 

108 
100 
102 

307.94 

1.12 

Fuel,  ice,  and  soap. 

+1 

50.77 

.09 

1,352 

1,272 

+80 

106 

295.83 

1.18 

Savings: 

Life  insurance 

72 

95 

-23 

76 

95.22 

1.06 

Total  savings 

72 

95 

-23 

76 

95.22 

1.05 

Money  value  of  family  living .. 

2,720 

2,621 

+99 

104 

529.13 

.82 

x-Jn 
1  Computed  according  to  the  formula  t^—j-  >  in  which  x  represents  the  average  difference,  n  the  number 

of  differences,  and  a  the  standard  deviation  of  the  differences.    For  a  sample  of  this  size,  a  value  of  t  of  2.10 
or  more  indicates  a  significant  difference  between  the  averages  from  the  schedules  for  the  2  years  (4,  p.  106) . 

While  figures  for  the  two  different  years  from  the  control  group  are 
very  similar,  those  from  the  famihes  who  kept  accounts  are  strikingly 
different  for  certain  items.  Table  12  summarizes  the  figures  from 
these  two  sets  of  schedules.  The  value  of  living  was  estimated  as  9 
percent  higher  in  1925-26  than  in  1926-27,  money  expenditures  as 
1  percent  higher,  goods  furnished  by  the  farm  as  24  percent  higher, 
and  savings  as  23  percent  lower.  An  inspection  of  the  column  present- 
ing values  of  t  for  each  item  shows  that  there  were  significant  differ- 
ences between  the  figures  on  the  schedules  for  the  2  years  for  expendi- 
tures for  clothing,  household  operation,  personal  items,  and  gifts,  and 
for  food  furnished  by  the  farm  and  the  total  of  all  goods  furnished  by 
the  farm.  The  largest  difference  for  any  single  item  occurs  in  the 
case  of  food  furnished  by  the  farm  where  the  average  for  1926-27  is 
$250  lower  than  the  average  for  the  previous  ^ear.  If  the  figures  in 
table  12  are  compared  with  those  giving  differences  between  the 
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accounts  and  schedules  from  these  families  for  1926-27,  presented  in 
table  6,  it  will  be  seen  that  for  a  number  of  important  items  the 
schedule  estimates  for  the  second  year  are  very  much  closer  to  the 
account  figures  than  are  those  for  the  first  year.  The  difference 
between  the  average  value  of  food  furnished  by  the  farm  in  1925-26 
and  in  1926-27  in  the  figures  from  this  group  is  particularly  striking. 
It  is  possible,  of  course,  that  the  difference  might  have  been  caused  by 
crop  conditions,  but  the  fact  that  a  similar  difference  does  not  appear 
in  the  figures  from  the  control  group  makes  that  possibility  seem 
unlikely. 

Table  12. — Differences  between  the  money  value  of  the  various  items  included  in 
family  living  for  the  years  1925-26  and  1926-27 ,  as  shown  by  schedules  from  19 
Maryland  farm  families  who  kept  household  accounts 


Average  value 

1925-26 
average 
minus 
1926-27 
average 

Relation 

of  1925-26 

to  1926-27 

average 

(1926-27 

average= 

100) 

Standard 
deviation 
of  the  dif- 
ferences 

Item 

1925-26 

1926-27 

<» 

Money  expenditures: 

Food       

Dollars 

383 

344 

81 

219 

81 

109 

23 

54 

128 

24 

32 

69 

66 

Dollars 

336 

289 

140 

260 

91 

193 

32 

47 

82 

16 

8 

66 

37 

Dollars 
+47 
+65 
-59 
-31 
-10 
-84 
-9 
+7 

+24 

-7 

+29 

Percent 
114 
119 
58 
88 
89 
66 
72 
115 
156 
150 
400 
89 
178 

Dollars 

126.86 

86.64 

125.  51 

60.05 

167.  76 

201.19 

18.41 

61.30 

225.83 

47.54 

69.48 

29.48 

62.74 

1.62 

Clothing 

2.77 

2.05 

2.26 

Furnishings  and  eQuipment            

.26 

Automobile- 

1.82 

Personal  items 

2.13 

Medical  care    

.60 

Recreation 

.89 

.73 

Vocation       

1.76 

Community  welfare 

1.04 

Gifts  to  persons  outside  the  family 

2.40 

Total  money  expenditures 

1,603 

1,687 

+16 

101 

421.56 

.17 

Goods  furnished  by  the  farm: 
Food 

1,163 
296 
75 

913 
272 
64 

+250 
+24 
+21 

127 
109 
139 

322.44 
83.21 
60.91 

3.38 

Housing _- 

1.26 

Fuel,  ice,  and  soap.  

1.80 

Total  value  goods  furnished 

1.534 

1,239 

+295 

124 

348,56 

3.69 

Savings: 

Life  insurance        . .  . 

166 

163 
53 

+3 
-63 

102 

15.65 
229.66 

.84 

Other  savings 

1.01 

Total  savings 

166 

216 

-60 

77 

231.13 

.94 

Money  value  of  family  living 

3,303 

3,042 

+261 

109 

638.51 

L78 

'  Computed  according  to  the  formula  <=■ 


i^|n 


in  which  x  represents  the  average  difference,  n  the  number 


of  differences,  and  s  the  standard  deviation  of  the  differences.  For  a  sample  of  this  size,  a  value  of  t  of  2.10 
or  higher  indicates  a  significant  difference  between  the  averages  from  the  schedules  for  the  2  years 
a,  p.  105). 

The  fact  that  the  values  of  t  applying  to  expenditures  for  gifts  show 
a  significant  difference  between  the  schedule  figures  for  the  years 
1925-26  and  1926-27,  for  both  the  account-keepmg  and  the  control 
groups,  and  not  between  the  account  and  schedule  figures  for  1926-27 
probably  indicates  an  actual  difference  between  the  2  years  in  the 
expenditures  for  this  item  by  both  groups. 

The  evidence  presented  in  tables  6,  11,  and  12  seems  to  warrant 
the  conclusion  that  the  effect  of  keeping  the  accounts  was  to  increase 
the  accuracy  with  which  the  home  maker  was  able  to  give  schedule 
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estimates  of  food  furnished  by  the  farm,  and  of  expenditures  for 
clothing  and  household  operation . 

DATA  FROM  FAMILIES  OF  THE  PROFESSIONAL  GROUP 

METHODS  OF  SECURING  AND  EDITING  DATA 

Contacts  with  home  makers  of  the  professional  group  interested  in 
keeping  records  of  family  expenditures  and  savings  were  established 
through  the  American  Association  of  University  Women  and  through 
graduate  students  at  George  Washington  University  and  at  Teachers 
College,  Columbia  University.  The  24  families  included  in  this 
study  were  part  of  a  large  group  of  city  families  widely  scattered 
throughout  the  country  from  whom  yearlj  accounts  were  obtained. 
These  24  families  lived  either  in  communities  relatively  near  Wash- 
ington or  in  other  communities  visited  by  workers  from  the  bureau  in 
connection  with  other  professional  business  so  that  schedule  estimates 
were  obtained  from  them  at  the  end  of  their  year  of  record  keeping. 

The  record  form  used  with  these  families  was  the  same  as  that 
used  for  money  expenditures  and  savings  with  the  Maryland  and 
Vermont  farm  families.  At  the  beginning  of  the  year  each  cooperating 
home  maker  supplied  information  on  insurance  policies  carried,  the 
kinds  of  electrical  equipment  owned,  the  value  of  the  house  occupied 
if  it  was  owned  by  the  family,  the  amount  of  principal  and  interest  on 
the  mortgage  (if  the  house  was  mortgaged),  and  the  make,  type,  model, 
and  year  of  purchase  of  the  automobile  (if  the  family  owned  a  car). 
This  information  proved  valuable  in  editing  the  accounts,  which  were 
mailed  to  the  Bureau  of  Home  Economics  weekly.  As  in  the  case 
of  the  records  kept  by  the  Maryland  families,  these  reports  were 
edited  promptly  and  obvious  omissions  and  inconsistencies  were 
questioued  by  mail.  At  the  end  of  the  record  period  before  they  had 
received  any  summary  of  their  weekly  records,  schedule  data  covering 
expenditures  and  savings  were  secured  from  each  of  these  famihes. 

The  classification  used  in  summarizing  the  data  from  this  group  is 
the  same  as  that  used  with  the  data  from  the  farm  families.  The  term 
"money  value  of  family  Uving"  as  applied  to  these  urban  families  is 
used  to  include  money  expenditures  for  goods  and  services,  the  annual 
value  of  the  equity  in  owned  homes,  savings,  and  investments.  None 
of  these  24  families  recorded  contributions  to  their  food  supply  from 
their  own  gardens  nor  gifts  to  which  it  was  possible  to  assign  a  money 
value.  The  annual  value  of  the  equity  in  owned  homes  was  com- 
puted by  taking  6  percent  of  the  estimated  value  of  the  house  and 
subtracting  interest  paid  on  the  mortgage  if  the  house  were  mortgaged. 

CHARACTERISTICS  OF  THE  24  FAMIUES 

The  chief  source  of  income  in  this  group  of  famihes  was  the  salary 
earned  by  the  father  of  the  family.  In  two  families  wives  supple- 
mented their  husbands'  iucomes,  one  by  teaching  and  the  other  by 
writing;  in  one  family  the  chief  source  of  income  was  the  salary  of  a 
woman,  a  wddow;  in  12  families,  supplementary  income  was  received 
from  investments. 

The  occupations  of  the  chief  earners  in  these  24  families  were: 
Business  executives,  4;  college  teachers,  4;  engineer  (not  in  Govern- 
ment service),  1;  Federal  employees,  11,  including  6  chemists,  2 
economists,  and  3  engineers;  State  livestock  commissioner,  1;  lawyers, 
2;  welfare  worker,  1. 
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The  occupational  status  of  the  men  in  these  families  presupposes 
formal  education  considerably  above  the  average  for  the  entire 
community.  Three  had  finished  their  schooling  with  work  at  techni- 
cal schools,  9  with  college  graduation  and  bachelor's  degrees,  5  with 
master's  degrees,  and  6  with  doctor's  degrees.  The  method  of 
making  contacts  with  this  group  of  home  makers  resulted  in  securing 
the  cooperation  of  women  with  formal  education  above  the  average, 
even  for  the  wives  of  professional  men.  Twenty-one  of  the  cooperat- 
ing home  makers  were  college  graduates  and  two  of  them  had  received 
master's  degrees.  Of  the  other  three,  one  had  attended  college  and 
one  a  technical  school,  while  the  other  was  a  high-school  graduate. 

The  proportion  of  families  with  young  children  in  this  group  is 
larger  and  the  proportion  of  families  consisting  of  husband  and 
wife  only  is  smaller  than  in  the  farm  group.  There  were  only  3 
childless  families — 2  families  of  husband  and  wife  only  and  1  of  a 
widow  and  her  mother;  2  families  where  the  youngest  child  was 
under  1  year;  4  families  where  the  youngest  was  1  to  2  years  old; 
5  families  where  the  youngest  was  3  to  5  years  old;  10  families  where 
the  youngest  child  was  over  6  years  old.  The  average  size  of  family 
was  4  persons;  average  size  of  household  4.4  persons.  In  8  of  these 
households  the  home  maker  had  full-time  household  help;  in  8  of 
them  she  was  assisted  by  part-time  help. 

The  home  makers  in  the  professional  group  were,  on  the  average, 
younger  than  the  home  makers  in  the  farm  group.  Women  under 
40  years  old  predominated  in  the  professional  group;  the  average 
age  of  the  women  in  the  group  was  36  years. 

There  was  ^^dde  variation  in  the  economic  status  of  the  cooperating 
professional  families;  total  value  of  living  for  1926-27  varied  from 
$2,215  to  $17,717.  There  were  16  families  with  value  of  living  of 
less  than  $5,000;  and  7  families  with  value  of  living  of  from  $5,000 
to  $9,999.  Only  one  of  the  cooperating  families  was  found  to  have 
a  value  of  family  living  over  $10,000.  The  average  for  the  group 
of  24  families  was  $5,327. 

The  information  available  on  the  economic  status  of  professional 
families  in  the  United  States  is  so  meager  that  it  is  impossible  to 
say  how  large  a  group  is  represented  by  the  24  families  cooperating 
in  the  present  investigation.  According  to  the  report  of  the  Wage 
and  Personnel  Survey  of  the  Personnel  Classification  Board  (17, 
p.  226)  made  in  the  summer  of  1929,  87  percent  of  the  professional 
employees  in  the  departmental  service  of  the  Federal  Government 
were  receiving  salaries  less  than  $5,000,  as  of  October  1,  1928;  and 
76  percent  of  the  professional  employees  of  302  colleges  and  uni- 
versities surveyed  earned  less  than  $5,000  in  the  academic  year 
1926-27.  (In  compiling  the  figures  on  earnings  of  the  college  and 
university  teachers,  earnings  other  than  regular  salaries  were  taken 
into  consideration.)  The  family  expenditures  plus  the  savings  of 
the  University  of  California  faculty  families  studied  by  Peixotto 
in  1922  m,  p.  122)  averaged  $5,512;  those  of  27  ''prosperous" 
families  in  Lynchburg,  Va.,  described  by  Gee  and  Staufi'er  as  belong- 
ing to  the  business  and  professional  group,  averaged  $6,771  in  1927-28 
{6,  p.  11).  There  is  considerable  similarity  between  average  distri- 
bution of  family  living  by  the  group  cooperating  in  the  present 
investigation  and  that  of  the  groups  studied  in  California  and 
Virginia.     All  three  groups  are,  however,  so  small  that  it  is  impos- 
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sible  to  infer  that  their  distribution  of  family  living  is  representative 
of  that  of  any  very  large  group  in  the  United  States. 

COMPARISON  OF  ACCOUNT  AND  SCHEDULE  DATA 

The  data  on  money  value  of  family  living  from  the  accounts  and 
the  schedules  of  these  24  families  are  summarized  in  table  13.  An 
inspection  of  this  table  will  immediately  bring  out  the  fact  that  the 
figures  given  in  the  schedules  from  this  group  are  much  more  nearly 
in  agreement  with  figures  from  the  accounts  than  were  those  from 
the  farm  groups.  For  only  one  item,  gifts  to  persons  outside  the 
family,  is  the  difference  between  the  account  and  schedule  average 
more  than  20  percent  of  the  account  figure,  and  for  the  total  value 
of  family  living  the  schedule  average  is  within  4  percent  of  the  account 
average.  Moreover,  the  tendency  for  the  schedule  averages  to  be 
higher  than  the  account  averages,  which  was  so  striking  in  the 
tables  presenting  the  data  from  farm  famihes,  is  not  so  conspicuous 
in  the  figures  from  this  group.  There  are  more  items  for  which  the 
account  averages  are  above  the  schedule  averages  than  items  for 
which  they  are  below. 


Table  13. — Money  value  of  the  various  items  included  in  family  living  for  1  year 
as  shown  by  accounts  and  schedules  from  2^  families  of  the  professional  group 


Item 

Average  value  as 
shown  by- 

Schedule 
minus 
account 
average 

Relation  of 
schedule 

to  account 

average 

(account 

average 

=100) 

Standard 
deviation 

of  the 
differences 

<l 

Ac- 
counts 

Sched- 
ules 

Money  expenditures: 

Food. 

Dollars 
664 
461 
669 
486 
171 
147 

98 
184 
239 
136 

48 
117 

82 
4 

Dollars 
675 
465 
662 
500 
144 
148 

91 
168 
195 
140 

40 
103 

57 

Dollars 

H-ll 

+4 

-7 

+14 

-27 

-fl 

—7 

-16 

-44 

+4 

-8 

-14 

-25 

-4 

Percent 
102 
101 
99 
103 
84 
101 
93 
91 
82 
103 
83 
88 
70 

Dollars 
123.  25 
62.74 
86.11 
52.52 
35.01 
40.72 
46.69 
83.06 
98.61 
24  79 
26.51 
42.60 
44.81 

0.44 

Clothing    _ 

.31 

Housing 

.40 

1.31 

Furnishings  and  equipment 

3.78 

Automobile 

.12 

Personal  items 

.73 

Medical  care    

.94 

Recreation 

2.19 

.79 

Vocation                 _ 

1.48 

Community  welfare 

1.61 

Gifts  to  persons  outside  the  family 

2.73 

3,506 

3,388 

-118 

97 

299.13 

1.93 

Interest  on  equity  in  owned  homes 

276 

278 

+2 

101 

33.47 

.29 

Savings: 

T-ifpi  insnrftTiPi^          , .    

191 
1,087 

253 
230 
981 

-14 
+39 
-106 

95 
120 
90 

51.33 
205.99 
476. 12 

1.34 

Payments  on  principal  of  mortgage—. 
other  savings    - 

.93 
1.09 

1,645 

1,464 

-81 

95 

537.  59 

.74 

Money  value  of  family  living  „ 

6,327 

6.130 

-197 

96 

626.28 

1.54 

1  Computed  according  to  the  formula 


^_^fV«^ 


in  which  f  represents  the  average  difference,  n  the  number 


of  differences,  and  s  the  standard  deviation  of  the  differences.    For  a  sample  of  this  size,  a  value  of  t  of 
2.07  or  more  indicates  a  significant  difference  between  the  account  and  the  schedule  average  (4,  p.  1S9). 

Differences  between  the  account  and  schedule  figures  from  the 
individual  families  in  this  group  have  been  measured  by  the  methods 
used  in  interpreting  the  data  from  the  farm  group,     in  table  14  is 
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presented  a  distribution  of  the  families  of  the  professional  group 
according  to  the  percentage  relationship  between  account  and 
schedule  figures  for  the  various  items  included  in  family  living.  In 
computing  these  percentages  the  account  figures  have  again  been 
taken  as  100. 

It  \vi\\  be  observed  that  percentages  below  100  predominate  in 
table  14.  Although  the  range  is  wide  for  certain  items,  in  general 
the  professional  families  are  more  evenly  distributed  than  was  the 
case  in  the  similar  table  for  farm  families.  The  five  items  for  which 
the  distribution  is  most  strikingly  skewed  are  expenditures  for  fur- 
nisliings  and  equipment,  medical  care,  gifts,  recreation,  and  com- 
munity welfare.  A  comparison  of  account  and  schedule  averages  for 
these  items  as  given  in  table  13  shows  that  the  schedule  average  for 
expenses  for  medical  care  was  only  9  percent  below  the  account 
average,  and  the  schedule  average  for  expenses  for  community  welfare 
only  12  percent  below  the  account  average,  but  that  the  schedule 
averages  for  expenditures  for  furnishings  and  equipment,  recreation, 
and  gifts  were  16,  18,  and  30  percent  below  the  account  averages. 

Figures  on  the  standard  deviation  of  the  differences  between  the 
account  and  schedule  figures  for  individual  families  for  given  items 
and  the  values  of  t  applying  to  these  differences  are  given  in  the  last 
two  columns  of  table  13.  According  to  the  tables  prepared  by 
Fisher  M,  p.  189),  for  the  interpretation  of  values  of  t,  if  24  cases  are 
involved,  a  significant  difference  is  indicated  when  the  value  of  t  is  as 
high  as  or  higher  than  2.07.  An  inspection  of  the  values  of  t  given  in 
table  13  indicates  a  significant  difference  between  the  account  and 
schedule  figures  on  expenditures  for  furnishings  and  equipment, 
gifts,  and  recreation. 


Table  14.  Distribution  of  24  families  of  the  professional  group  by  the  relation  of 
schedule  to  account  figures  for  the  various  items  included  in  family  living 

[Account  figure  =100] 


Number  of  families  having  percentage  of 
schedule  to  account  figures  of— 

Total 

Item 

Under 
60 
per- 
cent 

50-74 
per- 
cent 

75-99 
per- 
cent 

100-124 
per- 
cent 

125-149 
per- 
cent 

150  per- 
cent 
and 
over 

ber  re- 
ingi 

Money  expenditures: 

Food 

9 
10 
12 
10 
11 
4 
9 
10 
5 
4 
6 
9 
5 

12 

8 

12 
14 
9 
13 
6 
9 
3 
6 
4 
5 
6 
3 
1 

3 

24 

Clothing 

24 

Housing .. 

1 

? 

24 

Household  operation 

24 

Furnishings  and  equipment .. 

2 
1 
3 
2 
3 
1 
4 
2 
7 
2 

6 
2 
2 
fi 
7 
1 
2 
6 
7 

2 

24 

Automobile —__■__■_■_. 

1 
2 
1 
2 

1 

1 
2 

2 
5 

1 
3 
1 
1 
3 
2 

19 

Personal  items       -.■..._.-.-».___. 

24 

Medical  care — 

24 

Recreation ._. ..__._. .. 

24 

Formal  education 

13 

Vocation 

19 

Community  welfare    .  .. 

24 

Gifts  to  persons  outside  the  family 

24 
3 

For  all  money  expenditures 

11 

12 
9 
7 
10 
11 

24 

Savings: 

Life  insurance 

1 

1 
1 
2 
2 

2" 

2 

24 

12 

Other  savings        . -.._— 

3 

3 

5 

4 
6 
12 

21 

For  all  savings —.——.—. 

24 

24 

1  Includes  families  reporting  item  in  account  or  schedule  or  both. 
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An  analysis  of  the  schedule  form  suggests  that  there  may  have  been 
omissions  in  the  schedule  figures  for  furnishings  and  equipment  and 
for  recreation  and  that  such  omissions  might  have  been  avoided,  at 
least  in  part,  if  a  more  detailed  list  of  possible  expenditures  had  been 
provided  to  use  in  interviewing  a  group  whose  purchases  for  their 
homes  and  whose  recreations  express  a  great  variety  of  interests.  A 
comparison  of  schedule  with  account  figures  on  gifts  to  persons  outside 
the  family  led  the  investigators  to  believe  that  at  least  three  families 
had  made  gifts  involving  relatively  large  sums  of  money  from  pre- 
viously accumulated  savings  rather  than  from  current  income  and 
that  these  gifts  had  been  entered  in  the  account  but  omitted  from  the 
schedules.  These  omissions  might  have  been  avoided  if  the  schedule 
had  included  a  specific  question  about  gifts  made  from  savings. 

Table  15. — Values  of  t  applying  to  the  differences  between  the  account  and  the 
schedule  figures  for  the  various  items  included  in  the  family  living  of  four  different 
groups  of  families  ^ 


Values  of  t  applying  to  differences  between 
account  and  schedule  figures  from— 

Item 

19  Mary- 
land farm 
families 

13  Vermont 

farm 

families 

8  Ohio  and 

Illinois 

farm 

families 

24  families 
of  the  pro- 
fessional 
group 

Money  expenditures: 

Food 

3.17 
2.66 
1.68 

.21 
1.21 
1.07 

.45 

.26 
2.79 

.08 
2.00 
1.33 

.94 
1.04 

1.72 

4.20 

1.22 

.71 

1.68 

.24 

.36 

1.61 

1.89 

1.78 

1.11 

2.16 

2.10 

2.27 
.26 

2.13 
.14 

3.29 
.18 

2.23 
.33 

1.49 

1.51 
.87 
.79 
.34 

2.18 

0.44 

Clothing 

.31 

Housing 

.40 

Household  operation 

1.31 

3.78 

Automobile                             -         . 

.12 

Personal  items 

.73 

.94 

Recreation                __  .  .      .  .      .  . 

2.19 

Formal  education 

.79 

Vocation - 

1.48 

1.61 

Gifts  to  persons  outside  the  family 

2.73 

Total 

.68 

2.30 

2.67 

1.93 

Goods  furnished  by  the  farm: 

Food                                        

4.02 

2.19 
1.61 
.45 

1.37 

Housins 

1.63 

.05 

Total 

4.13 

1.62 

1.38 

(2) 

(^) 

(') 

.29 

Savings: 

1.52 
1.57 

1.12 
1.03 

1.85 
1.04 

1.34 

Payments  on  principal  of  mortgage _.    

.93 

other  savings 

1.09 

Total 

1.78 

.46 

1.46 

,74 

Money  value  of  family  living.. _ 

.77 

2.4. 

.10 

1.54 

Computed  according  to  the  formula  t  =" 


i-y/n 


in  which  x  represents  the  average  difference,  n  the  number 


of  differences,  and  s  the  standard  deviation  of  the  differences.  For  the  Maryland  group  a  value  ott  of  2.10 
or  more  indicates  a  significant  difference,  for  the  Vermont  group  a  value  of  t  of  2.18  or  more  indicates  a  sig- 
nificant difference,  and  for  the  Ohio  and  Illinois  group  a  value  of  t  of  2.37  or  more  indicates  a  significant 
difference;  and  for  the  professional  group  a  value  of  t  of  2.07  or  more  indicates  a  significant  difference. 

2  Included  with  housing  furnished  by  the  farm. 

3  Included  with  other  savings. 


Table  15  makes  possible  a  comparison  of  the  values  of  t  applying 
to  the  differences  between  the  account  and  schedule  data  for  the 
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various  items  included  in  the  family  living  of  the  four  groups  of 
families  cooperating  in  this  investigation.  It  will  be  observed  that 
the  values  of  t  for  tne  professional  group  are  very  low  for  such  major 
items  in  the  family  living  as  food,  clothing,  and  housing  expenditures, 
while  for  the  three  farm  groups  these  values  are  considerably  higher, 
except  in  the  case  of  the  clothing  expenditures  of  the  Ohio  and 
Illinois  families.  The  value  of  i  applying  to  automobile  expenditures 
is  also  lower  for  the  professional  group  than  for  any  of  the  farm 
groups,  and  that  applying  to  formal  education  is  lower  than  for  two  of 
the  farm  groups. 

If  the  items  for  which  values  of  t  are  significantly  high  are  con- 
sidered, the  same  contrast  between  the  professional  and  farm  groups 
appears.  For  the  professional  CTOup  the  three  items  for  which  the 
values  of  t  are  high  enough  to  inmcate  a  significant  difference  between 
the  account  and  schedule  data  (furnishings  and  equipment,  recreation, 
and  gifts  to  persons  outside  the  family)  represent  only  9  percent  of  the 
money  value  of  family  living  as  shown  by  the  accounts.  For  the 
Maryland  farm  group  the  items  for  which  significant  differences  are 
indicated  represent  45  percent  of  the  total  value  of  living;  for  the 
Vermont  and  the  Ohio  and  IlUnois  farm  groups,  the  values  of  t  indi- 
cate significant  differences  between  the  account  and  schedule  figures 
on  total  money  expenditures,  as  well  as  between  less  important  figures. 

rOOD    CONSUMPTION 

Although  all  the  24  families  in  the  professional  group  kept  records 
of  the  amounts  of  money  spent  for  food  during  the  year,  only  14 
recorded  in  detail  the  quantities  of  food  purchased.  The  period  of 
these  food-consumption  records  varied  from  13  to  52  weeks;  8  of  the 
14  records  covered  a  period  of  40  weeks  or  more.  Inventories  of 
food  on  hand  were  secured  at  the  beginning  and  the  end  of  the  record 
period.  Inventory  differences  were  applied  to  the  figures  on  food 
purchased  and  the  adjusted  amounts  were  used  to  prepare  an  annual 
estimate  from  the  accounts  to  compare  with  the  annual  estimate 
given  in  the  schedules. 

Table  16  presents  the  account  and  schedule  figures  on  the  most 
important  foods  purchased  by  this  group.  A  comparison  of  these 
figures  with  those  from  the  accounts  and  schedules  of  the  farm  group 
at  once  brings  out  the  fact  that  here  again  averages  computed  from 
the  account  and  schedule  figures  of  the  families  of  the  professional 
group  are  much  more  nearly  in  agreement  than  those  from  the  rural 
families  that  kept  food  consumption  records.  The  greatest  difference 
between  the  account  and  schedule  averages  for  any  food  group  occurs 
in  the  case  of  flour,  where  the  schedule  average  is  32  percent  higher 
than  the  account  average. 

In  only  four  of  the  food  groups  were  the  schedule  averages  lower 
than  the  account  averages.  Differences  between  the  averages  secured 
from  the  two  sets  of  figures  vary  from  1  to  32  percent.  For  6  out  of 
the  19  groups  the  averages  agree  within  10  percent. 

All  the  families  in  tlus  group  keeping  records  of  food  purchased 
were  asked  to  weigh  and  record  quantities  of  edible  material  not  used 
for  the  family  during  a  typical  week.  Seven  of  the  14  families 
reported  no  edible  food  went  unused  by  the  family  in  their  homes.. 
The  weekly  figures  of  table  waste  and  spoilage  m  refrigerator  or 
pantry  for  the  other  seven  have  been  summarized,  multiplied  by  52 
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and  compared,  with  the  average  quantities  of  foods  purchased  in  the 
record  year  by  these  families.  The  percentages  of  waste  to  food  pur- 
chased are  all  distinctly  below  10,  the  figure  used  as  a  rule  in  esti- 
mating food  waste  in  dietary  studies  where  there  has  been  no  actual 
record  of  waste.  Seven  percent  of  the  cereals  other  than  flour  pur- 
chased were  reported  as  not  used,  and  4  percent  of  the  meat,  fish,  and 
poultry.  For  the  other  groups  of  foods  listed  in  table  16,  the  average 
quantities  reported  as  wasted  were  not  more  than  3  percent  of  the 
average  quantity  purchased. 

Table  16. — Ouantities  of  specified  food  materials  purchased  during  1  year  by  14 
families  of  the  professional  group  as  shown  by  accounts  and  schedules 


Food  material 


Quantities 

as  shown 

b5 

— 

Accounts 

Schedules 

Pounds 

Pounds 

312 

353 

163 

163 

15 

19 

1,490 

1,664 

26 

25 

83 

90 

32 

29 

18 

22 

437 

409 

95 

116 

88 

107 

214 

266 

202 

235 

655 

801 

91 

90 

211 

247 

136 

180 

74 

91 

231 

265 

Relation  of 

schedule  to 

account 

average 

(account 

average = 

100) 


Meat,  fish,  and  poultry 

Eggs 

Cheese 

Milk 

Cream.- 

Butter  and  butter  substitutes 

Bacon  and  salt  pork 

Lard  and  lard  substitutes 

Potatoes  and  sweetpotatoes... 

Other  root  vegetables 

Tomatoes 

Leafy  vegetables 

other  vegetables 

Fruits,  fresh 

Fruits,  dried  and  canned 

Bread - 

Flour - 

Other  cereals -. 

Sweets 


Percent 
113 
107 
127 
112 

96 
108 

91 
122 

94 
122 
122 
124 
116 
122 

99 
117 
132 
123 
116 


As  in  the  case  of  the  figures  on  food  consumption  from  the  farm 
families,  it  is  difficult  to  interpret  the  differences  between  the  account 
and  schedule  figures  on  the  food  consumption  of  this  group.  Accounts 
supervised  by  mail  and  kept  for  so  many  weeks  may  easily  have  had 
many  omissions,  and  may  be  less  reliable  than  the  schedule  estimates. 
The  schedule  estimates  on  the  other  hand,  may  have  overstated 
actual  purchases.  The  figures  given  in  table  16  show  that  the  per- 
centage differences  between  the  account  and  schedule  figures  on 
purchases  of  foods  so  important  to  good  nutrition  as  tomatoes,  leafy 
vegetables,  and  fresh  fruits  are  large  enough  to  make  interpretation 
of  data  secured  by  either  the  schedule  or  the  account  method,  when 
accounts  are  supervised  by  mail,  a  very  difficult  problem. 


CLOTHING    EXPENDITURES 

Account  and  schedule  averages  for  the  total  clothing  expenditures 
of  the  24  famihes  of  the  professional  group  are  shown  in  table  13. 
The  difference  between  them  is  so  small  as  to  be  negligible.  Table  17 
shows  there  is  closer  agreement  between  the  account  and  schedule 
averages  on  the  clothing  costs  of  wives  and  children  than  between  the 
two  sets  of  figures  for  the  clothing  expenditures  of  husbands.  Either 
the  home  makers  from  whom  the  schedule  estimates  were  secured 
had  a  tendency  to  overestimate  their  husbands'  clothing  expenditures, 
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or  the  husbands  sometimes  forgot  to  record  clothing  expenditures  in 
the  accounts — expenditures  noted  none  the  less  by  their  wives,  and 
remembered  when  the  schedule  figures  were  given  the  field  worker. 
The  average  differences  between  the  account  and  schedule  figures  on 
clothing  expenditures  for  the  individuals  in  the  cooperating  families 
is  not  large,  but  the  values  of  t  for  the  figures  on  the  expenditures  for 
husbands  and  for  daughters  less  than  15  years  old  are  large  enough  to 
indicate  that  the  schedule  figures  from  the  individual  families  were 
higher  than  the  account  figures  in  the  majority  of  cases. 


Table  17. — Clothing  expenditures  during  1  year  for  persona  of  different  sex  and  age, 
as  shown  hy  accounts  and  schedules  from  24  families  of  the  professional  group 

Sex  and  age  group 

Persons 

Average  ex- 
penditures as 
shown  by- 

Sched- 
ule 
minus 
account 
average 

Relation  of 
schedule  to 
account 
average 
(account 
average = 
100) 

Standard 
deviation 
of  the 
differ- 
ences 

ti 

Ac- 
counts 

Sched- 
ules 

Wives 

Num- 
ber 
24 
23 
4 
12 
3 
26 

Dollars 
175 
141 
220 

74 
130 

61 

Dollars 
169 
156 
216 

65 
138 

52 

Dollars 

-6 

+15 

-4 

-9 
+8 
+1 

Percent 
97 
111 
98 
88 
106 
102 

Dollars 
38.13 
34.59 
6.56 
14.87 
12.33 
13.71 

0.77 

2.08 

Daughters  15  years  of  age  and  over 

Daughters  under  15  years  of  age 

1.22 
2.09 

1.12 

Sons  under  15  years  of  age 

0.37 

>  Computed  according  to  the  formula  1=^-^  ,  in  which  i  represents  the  average  difference,  n  the  number 
of  differences,  and  s  the  standard  deviation  of  the  differences  Uf  P- 105). 

HOUSEHOLD-OPERATION    EXPENDITURES 

The  small  average  difference  between  the  figures  for  total  operating 
expenditures  calcmated  from  the  account  and  the  schedule  data  is 
shown  in  table  18.  It  amounts  to  but  3  percent  of  the  account  aver- 
age and  the  value  of  t  does  not  indicate  that  it  is  a  significant  differ- 
ence. Values  of  t  for  the  items  making  up  this  group  indicate  a  signifi- 
cant difference  in  expenditures  for  light  and  power  and  water,  but  the 
absolute  differences  in  each  case  are  very  small.  The  detailed  figures 
on  the  operating  expenditures  of  these  families  show  how  small 
differences  in  opposite  directions  tend  to  cancel  one  another  when  the 
difference  between  the  account  and  the  schedule  averages  is  computed 
for  a  group  of  items. 

HOUSING    EXPENDITURES 

Table  13  indicates  that  the  average  difference  between  the  total 
housing  expenditures  of  this  group  as  shown  in  the  accounts  and  the 
schedules  is  very  small,  indeed.  In  contrast  to  the  schedule  used 
with  the  farm  groups,  the  schedule  used  with  the  professional  group 
definitely  provided  space  for  entering  data  on  housing  expenditures. 
Total  housing  expenditures  for  the  seven  families  in  this  group  that 
rented  their  nomes  were,  according  to  the  accounts,  $768-$760  for 
rent  and  $8  for  repairs  and  improvements;  according  to  the  schedules 
the  average  was  $760-$756  for  rent  and  $4  for  repairs  and  improve- 
ments. Total  housing  expenditures  for  the  home-owning  families 
averaged  $628  according  to  the  accounts,  $622  according  to  schedules. 
Figures  on  fire  insurance  on  the  house  averaged  $7  in  both  accounts 
and  schedules;  interest  on  mortgages  $287  in  the  accoimts,  $283  in  the 
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schedules;  tax  payments  on  the  house  $147  in  the  accounts  and  $135 
in  the  schedules;  expenses  for  repairs  and  improvements  $187  in  the 
accounts,  $197  in  the  schedules. 

Table  18. — Expenditures  during  1  year  for  the  various  items  connected  with  house- 
hold operation  as  shown  by  accounts  and  schedules  from  24  families  of  the  pro- 
fessional group 


Item 

Average  ex- 
penditures as 
shown  by- 

Sched- 
ule 

minus 
account 
average 

Relation  of 

schedule  to 

acount 

average 

(account 

average = 

100) 

Standard 
deviation 
of  the 
differ- 
ences 

n 

Ac- 
counts 

Sched- 
ules 

Fuel 

Dollars 

134 

30 

9 

40 

17 

17 

24 

8 

164 

17 

24 

3 

7 

2 

Dollars 

147 

35 

7 

41 

18 

19 

25 

10 

149 

14 

27 

2 

5 

1 

Dollars 
+13 
+6 
-2 
+1 
+1 
+2 
+1 
+2 
-5 
-3 
+3 
-1 
-2 
-1 

Percent 
110 
117 
78 
103 
106 
112 
104 
125 
97 
82 
113 
67 
71 
50 

Dollars 
30.92 
11.26 

3.70 

6.20 
11.74 
11.26 
16.46 
16.78 
41.54 

9.06 
15.67 

7.21 
25. 09 

2.78 

2.06 

Light  and  power    

2.18 

Water 

2.65 

Telephone... 

.79 

Ice - 

.42 

Cleaning  supplies,  etc . 

.87 

Laundry 

30 

Child  care 

.68 

Other  service  _. 

.59 

Stationery 

1.62 

.94 

.68 

Interest  on  loans              .                      ... 

.39 

Safety-deposit  box 

1.76 

Total — 

486 

500 

+14 

103 

2.52 

1.31 

Computed  according  to  the  formula  t= 


:-yJn 


,  in  which  x  represents  the  average  difference,  n  the  number 


of  differences,  and  s  the  standard  deviation  of  the  differences  (4,  p.  105). 


RECREATION    EXPENDITURES 

The  predominance  of  schedule  figures  lower  than  account  figures 
in  the  data  on  total  expenditures  for  goods  and  services  connected 
with  recreational  activities  has  been  commented  upon  in  discussion 
of  table  14.  Figures  on  expenditures  for  the  various  items  which  go 
to  make  up  these  totals  are  given  in  table  19.  It  is  interesting  to 
observe  the  relatively  close  agreement  between  figures  from  the  ac- 
counts and  the  schedules  on  expenditures  for  reading  matter.  Figures 
on  expenses  for  children's  equipment  were  higher  in  the  schedules 
than  in  the  accounts,  but  the  account  figures  were  higher  for  all  other 
items  in  this  group. 

Table  19. — Expenditures  during  1  year  for  the  various  items  connected  with 
recreation  as  shown  by  accounts  and  schedules  from  24  families  of  the  professional 
group 


Item 

Average  ex- 
penditures as 
shown  by- 

Schedule 
minus 
account 
average 

Relation  of 

schedule  to 

account 

average 

(account 

average = 

100) 

Standard 
deviation 
of  the 
differ- 
ences 

«i 

Ac- 
counts 

Sched- 
ules 

Reading 

Dollars 
33 
23 
7 
37 
11 
21 
107 

Dollars 
30 
18 
3 
27 
18 
16 
83 

Dollars 
-3 
-6 
-4 

-10 
+7 
-5 

-24 

Percent 
91 
78 
43 
73 
164 
76 
78 

Dollars 
19.40 
11.15 
8.07 
25.81 
34.35 
17.91 
68.14 

0.76 

2.20 

Entertaining  *          _           ....             

2.43 

Plavs,  concerts,  and  other  amusements 

1.90 

1.00 

Other  recreational  equipment         _  _  .  . 

1.37 

Vacation  trips _ 

1.73 

Total 

239 

195 

-44 

82 

98.61 

2.19 

1  Computed  according  to  the  formula  <=?x5,  in  which  x  represents  the  average  difference,  n  the  number 

of  rtifferences,  and  s  the  standard  deviation  of  the  differences  (4,  p.  105) . 
«  Food  used  for  entertaining  guests  included  with  figures  on  food  for  family. 
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A  COMBINATION  OF  THE  ACCOUNT  AND  SCHEDULE  METHODS 

Complete  household  accounts  for  a  12-month  period  are  difficult 
to  obtain  and  much  time  is  required  for  editine  and  summarizing 
account  data.  On  the  other  hand,  schedule  data  nave  not  proved  an 
entirely  satisfactory  source  of  information  on  family  living.  There- 
fore it  is  of  interest  to  analyze  the  possibilities  of  accounts  kept  for 
short  periods,  at  different  seasons,  and  supplemented  by  estimates  of 
the  family  Uving  for  the  year. 

Such  a  procedure  has  several  advantages:  Supervised  accounts  for 
short  periods  at  different  seasons  supply  more  accurate  data  on  food 
consumption  and  on  expenditures  for  food  and  for  other  recurrent 
items  than  can  be  obtained  either  by  the  schedule  method  or  by  un- 
supervised accounts  for  the  entire  year.  Keeping  records  of  faniily 
living  even  for  brief  periods  probably  aids  the  home  maker  in  making 
schedule  estimates.  The  record  keeping  is  likely  to  make  her  more 
observant  of  the  way  in  which  the  family  money  was  spent.  If  she  is 
a  farm  home  maker,  it  helps  her  to  keep  track  of  quantities  of  goods 
furnished  by  the  farm.  The  periodic  checking  of  summaries  of  the 
accoimt  and  schedule  data  with  the  home  maker  furnishes  the 
investigator  with  opportunities  for  discovering  omissions  and  in- 
accuracies in  both  sets  of  figures. 

The  frequency  and  the  duration  of  the  record  periods  required  would 
vary  with  different  climates  and  with  families  of  different  types.  For 
some  families,  accounts  for  1  month  in  every  3  or  4  would  be  necessary 
for  satisfactory  results;  with  others,  accounts  for  1  month  in  6  might 
be  sufficient.  If  it  were  desired,  in  certain  studies,  to  have  the  food- 
consumption  data  recorded  by  a  trained  investigator  rather  than  by  a 
member  of  the  family,  records  kept  for  shorter  periods  than  a  month  at 
different  seasons  would  perhaps  be  sufficient  to  give  representative 
food-consumption  data  for  most  groups  in  the  population. 

Excerpts  from  the  accounts  used  in  the  present  study  throw  some 
light  on  the  results  which  might  be  obtained  with  accounts  kept  for 
short  periods  at  different  seasons.  For  the  Maryland  farm  families 
and  for  the  professional  group,  annual  estimates  have  been  computed 
from  the  accounts  for  2  months  selected  at  6-month  intervals  and  for 
4  months  at  3-month  intervals.  The  months  were  chosen  so  that  all 
the  months  of  the  year  have  approximately  equal  representation  in 
the  average  for  each  group  of  families.  Allowances  were  made  for 
differences  in  the  lengths  of  the  months  used. 

Estimates  have  been  made  for  annual  food  expenditures  and  total 
money  expenditures  for  both  groups,  and  also  for  the  money  value  of 
food  furnished  by  the  farm  for  the  Maryland  group.  In  making  the 
estimates  for  food,  it  has  been  assumed  that  the  average  differences  in 
the  money  value  of  food  on  hand  at  the  beginning  and  end  of  a  month 
were  negUgible  in  comparison  with  the  average  value  of  food  furnished 
by  the  farm  and  purchased  during  the  month.  Since  inventories  of 
food  on  hand  were  obtained  only  at  the  beginning  and  end  of  the  year 
covered  by  the  study,  such  an  assumption  is  necessary  in  using  the 
accounts  for  selected  months.  For  periods  shorter  than  a  month, 
inventory  differences  would  be  of  greater  importance,  and  no  esti- 
mates have  been  computed  on  the  basis  of  accounts  for  shorter  periods. 

The  annual  estimates  of  the  money  value  of  food  furnished  by  the 
farm  for  the  19  Maryland  families  give  excellent  results.  The  averages 
for  the  annual  estimates  based  on  accounts  for  2  and  4  months  coincide 
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much  more  closely  with  the  average  from  accounts  kept  for  12  months 
than  does  the  schedule  average.  The  annual  account  estimates  are 
$711  and  $729,  respectively,  the  average  from  the  12-month  accounts 
$709,  and  the  average  from  the  schedules  $913.  Estimates  of  the 
annual  food  expenditures  of  this  same  group  of  families  yield  similar 
results.  Average  annual  food  expenditures  estimated  on  the  basis  of 
2-month  accounts  are  $267,  on  the  basis  of  4-month  accounts  $266; 
the  average  from  the  12-month  accounts  was  $271,  and  from  the 
schedules,  $336. 

The  estimated  average  annual  food  expenditures  of  the  24  families 
of  the  professional  group  based  on  accounts  for  2  and  for  4  months 
are  not  so  closely  in  agreement  with  the  average  from  the  accounts 
for  12  months  as  the  schedule  average.  The  average  account  esti- 
mates differ  from  the  12-month  account  average  by  9  and  8  percent, 
whereas  the  schedule  average  for  the  food  purchases  of  these  families 
differs  from  the  12-month  account  average  by  only  2  percent.  The 
average  of  the  estimates  based  on  accounts  for  2  months  is  $723,  and 
of  those  based  on  accounts  for  4  months  $716,  as  compared  with  an 
average  of  $664  from  the  accounts  for  12  months  and  $675  from  the 
schedules.  Evidently  the  food  expenditures  of  the  professional  group 
varied  somewhat  more  from  month  to  month  than  those  of  the  Mary- 
land farm  group. 

Obviously  annual  estimates  based  on  accounts  kept  for  short  periods 
would  furnish  unsatisfactory  annual  figures  for  items  which  are  rela- 
tively expensive  and  which  are  paid  for  at  irregular  intervals — such 
items  as  fuel,  furniture,  medical  care,  or  college  tuition,  unless  ac- 
counts were  obtained  from  a  very  large  number  of  families.  In  low- 
income  families  the  number  of  irregular  expenditures  is  not  very 
large,  but  in  families  with  incomes  as  large  as  those  represented  in 
this  investigation,  there  are  many  irregular  expenditures,  and  total 
expenditures  vary  considerably  from  month  to  month.  Estimates  of 
the  total  annual  expenditures  of  the  19  Maryland  farm  families  based 
on  accounts  for  2  months  and  for  4  months  selected  at  half-yearly 
and  quarterly  intervals  average  $1,165  and  $1,892,  respectively,  as 
compared  with  $1,664,  the  average  from  the  annual  accounts,  and 
$1,587,  the  average  from  the  schedules.  Average  expenditures  from 
the  accounts  for  12  months  differ  from  the  average  based  on  accounts 
for  2  months  by  30  percent,  from  the  average  based  on  accounts  for 
4  months  by  14  percent,  and  from  the  schedule  average  by  5  percent. 

Similar  computations  based  on  the  accounts  of  the  families  of  the 
professional  group  also  show  the  schedule  average  for  total  annual 
expenditures  nearer  the  average  for  the  12-month  accounts  than  the 
averages  of  the  account  estimates.  Estimates  of  the  total  annual  ex- 
penditures of  these  families  based  on  accounts  for  2  months  average 
$3,908,  on  accounts  for  4  months  $4,054,  as  compared  with  $3,506, 
the  average  from  the  annual  accounts  and  $3,388,  the  average  from 
the  schedules.  Average  annual  expenditures  from  the  accounts  of  this 
group  differ,  therefore,  from  the  average  based  on  accounts  for  2 
months  by  1 1  percent,  from  the  average  based  on  accounts  for  4  months 
by  16  percent,  and  from  the  schedule  average  by  only  3  percent. 

If  accounts  for  short  periods  were  obtained  from  a  very  large  num- 
ber of  similar  families  m  such  a  way  that  the  months  of  the  year 
were  equally  represented  in  the  sample,  irregularities  in  the  expendi- 
tures of  individual  families  from  month  to  month  would  disappear  in 
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the  averages.  But  the  difficulties  involved  in  editing  and  summariz- 
ing large  quantities  of  account  data  would  not  be  avoided.  For  sam- 
Eles  of  the  size  of  those  analyzed  in  this  report,  annual  estimates 
ased  on  accounts  for  2  months  and  for  4  months  are  evidently  not 
so  satisfactory  as  schedule  estimates,  but  a  combination  of  annual 
schedules  and  of  accounts  for  short  periods  would  probably  give  ex- 
cellent results. 

The  schedule  method  used  in  combination  with  accounts  kept  for 
short  periods  would  have  a  further  advantage  in  that  visits  in  con- 
nection with  the  accounts  would  make  it  possible  to  procure  2,  3,  or  4 
schedules  for  periods  of  6,  4,  or  3  months  each,  rather  than  1  schedule 
for  12  months.  When  the  family  was  visited  at  the  beginning  of  each 
new  account  period,  schedule  estimates  could  be  obtained  for  the  pre- 
ceding half,  third,  or  quarter  year,  starting  with  the  month  of  the 
last  account  period.  This  procedure  would  check  omissions  in  the 
accounts  and  aid  in  locating  overestimates  in  the  schedule  data. 

CONCLUSIONS 

The  agreement  between  the  figures  from  the  schedules  and  the 
household  accounts  of  the  families  of  the  professional  group  cooperat- 
ing in  this  investigation  is  so  close  that  the  use  of  the  schedule  method 
seems  justified  in  future  studies  of  the  family  living  of  this  group. 
This  conclusion  may  probably  be  extended  to  include  studies  of  the 
family  living  of  low-salaried  groups  since  their  purchasing  habits  are 
very  similar  to  those  of  the  professional  group.  Both  types  of  family 
have,  as  a  rule,  certain  household  records.  Even  if  they  do  not 
keep  household  accounts,  they  are  likely  to  have  files  of  receipted  bills 
and  canceled  checks  at  hand  for  reference.  The  education  and  the 
purchasing  habits  of  families  of  the  wage-earning  group  are,  however, 
distinctly  different  from  those  of  almost  all  the  families  from  whom 
accounts  and  schedules  were  obtained  for  this  report,  and  it  is  impos- 
sible to  draw  conclusions  as  to  methods  of  obtaining  family-living 
data  for  the  wage-earning  group  from  the  material  here  presented. 

It  is  true,  of  course,  that  the  families  cooperating  in  this  investiga- 
tion had  had,  through  account  keeping,  unusual  preparation  for  esti- 
mating their  family  living  for  the  year  just  past.  The  effect  of  ac- 
count Keeping  on  the  farm  families  of  the  Maryland  group  has  been 
shown  above.  There  is  no  reason  to  suppose  that  the  effect  upon  the 
home  makers  of  the  professional  group  was  different.  The  fact  that 
they  made  day-by-day  records  of  their  expenditures  undoubtedly 
aided  them  in  remembering  what  items  were  purchased  during  the 
account  period. 

It  is  also  true,  however,  that  the  method  of  obtaining  schedule 
estimates  used  in  this  investigation  could  be  improved  upon.  Cer- 
tain minor  improvements  in  the  schedule  form  which  would  increase 
the  accuracy  of  the  data  collected  are  suggested  in  the  course  of  the 
discussion.  The  accuracy  of  family-Uving  data  collected  from  the 
professional  group  also  could  be  increased  by  including  on  the  schedule 
questions  on  family  income  and  other  receipts  of  money  in  such  a 
way  that  money  receipts  could  be  checked  against  monev  expendi- 
tures and  savings.  If  this  check  had  been  made  in  the  field,  it  would 
have  been  relatively  easy  to  revisit  famiUes  whose  schedules  showed 
important  discrepancies  between  total  receipts  and  total  expenditures 
and  savings,  and  to  have  corrected  major  errors.     Such  a  check  would 
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undoubtedly  have  resulted  in  changing  the  figures  for  some  of  the 
items  for  which  there  now  appear  significant  differences  between  the 
account  and  schedule  figures. 

The  schedule  does  not,  however,  appear  to  be  a  satisfactory  means 
of  collecting  detailed  figures  on  food  consumption,  either  for  the  pro- 
fessional or  the  farm  groups.  Neither  does  the  annual  account  super- 
vised by  mail.  The  value  of  securing  accurate  data  to  use  as  the 
basis  for  nutritional  analysis  makes  it  important  to  guard  against 
the  omissions  which  are  hkely  to  occur  in  unsupervised  accounts  and 
the  overestimates  characteristic  of  schedule  data.  Since  there  are 
important  seasonal  variations  in  food  consumption,  supervised  records 
kept  for  a  week  or  at  different  seasons  of  the  year  probably  provide 
the  best  means  of  obtaining  data  on  food  consumption  from  either 
urban  or  rural  families. 

The  comparisons  of  account  and  schedule  data  from  farm  families 
do  not  show  the  schedule  to  be  as  satisfactory  with  this  group  as  with 
the  professional  group.  Differences  between  the  two  sets  of  figures 
on  money  expenditures  for  goods  of  different  types,  as  well  as  on  the 
value  of  goods  furnished  by  the  farm,  are  great  enough  to  leave  the 
usefulness  of  the  schedule  method  still  open  to  question.  Some  of 
these  differences,  however,  are  undoubtedly  due  to  omissions  in  the 
account  data.  It  is  clear,  after  the  analysis  of  the  account  and 
schedule  data  from  the  Vermont  families,  that  accounts  must  be 
supervised  regularly  throughout  the  account  period.  In  studies  of 
families  less  well  educated  than  those  of  the  present  study,  it  would 
not  be  possible  to  rely  so  extensively  on  supervision  by  mail.  More 
frequent  home  visits  during  the  record  period  would  be  necessary. 

That  the  figures  obtained  from  the  farm  families  by  the  schedule 
method  would  be  better  if  the  schedule  forms  were  improved  has 
already  been  suggested.  The  schedule  results  with  this  group  would 
also  be  improved  by  obtaining  data  on  the  money  received  by  each 
family  dunn^  the  year  to  check  against  total  expenditures  and  sav- 
ings. This  mvolves  so  much  speciaUzed  knowledge  and  so  many 
computations  that  it  is  usually  regarded  as  an  additional  piece  of 
research,  but  the  advantages  of  securing  this  information  in  connec- 
tion with  information  on  farm  family  hving  are  obvious.  It  seems 
likely  that  many  of  the  figures  on  the  family  expenditures  which  seem 
to  have  been  overestimated  by  the  farm  group  would  have  been 
scaled  down,  if  the  investigators  had  cooperated  with  a  farm-manage- 
ment organization,  and  a  schedule  for  the  farm  business  had  been 
secured  for  the  year.  As  part  of  editing  in  the  field,  receipts  could 
have  been  checked  against  expenditures  and  savings.  Field  workers 
could  then  have  revisited  the  families  whose  total  estimated  expendi- 
tures and  savings  exceeded  or  fell  below  estimated  receipts  by  an 
appreciable  margin,  and  both  sets  of  figures  could  have  been  reviewed 
with  the  family  to  discover  the  source  of  the  discrepancy. 

These  improvements  would  not,  however,  take  care  of  the  discrep- 
ancies in  the  figures  on  food  furnished  by  the  farm.  For  the  purpose 
of  obtaining  reliable  data  on  this  important  aspect  of  farm  family 
hving,  supervised  records  for  at  least  part  of  the  year;  at  different 
seasons,  seem  to  be  necessary. 

In  conclusion,  the  results  from  the  small  samples  of  families  included 
in  this  study  indicate  that  with  families  similar  in  education  and  in 
purchasing  procedures  to  the  professional  group  cooperating  in  the 
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present  study,  the  schedule  apparently  can  be  made  a  satisfactory 
method  of  securing  data  on  family  expenditures  and  savings.  If  an 
analysis  of  the  nutritional  content  of  the  diet  of  such  a  group  is  to 
be  made  a  part  of  the  project,  the  results  of  this  investigation  indicate 
that  the  schedules  should  be  supplemented  by  records  of  food  con- 
sumption. With  farm  famiUes  similar  to  those  cooperating  in  this 
study,  the  schedule  could  perhaps  be  made  a  satisfactory  method  of 
securing  data  on  family  expenditures  and  savings.  However,  for  the 
purpose  of  obtaining  satisfactory  data  on  the  value  of  family  living 
lumished  by  the  farm,  and  on  the  quantities  of  foods  consumed  by 
farm  famiUes,  it  is  apparent  that  accounts  kept  for  short  periods  at 
dijfferent  seasons  in  the  year  should  be  used  to  check  the  accuracy  of 
the  schedule  data. 
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INTRODUCTION 

A  knowledge  of  the  inheritance  and  correlation  of  important  plant 
and  grain  characters  and  qualities  is  desirable  for  the  intelligent 
planning  and  conducting  of  a  wheat-breeding  program.  An  under- 
standing of  the  mode  of  inheritance  of  definite  characters  may  sug- 
gest methods  to  be  used  without  wasted  effort  in  the  recovery  or 
recombination  of  desirable  characters.  A  study  of  the  intercharacter 
relations  is  helpful  in  determining  the  effect  of  certain  characters  on 
other  characters. 

The  purpose  of  this  study  was  to  learn  more  concerning  the  inheri- 
tance of  reaction  to  stem  rust,  Puccinia  graminis  Pers.,  and  to 
determine  the  relationships  between  the  important  contrasting 
characters  in  the  three  possible  crosses  between  Pentad,  Nodak, 
and  Akrona  durum  wheats.  The  characters  studied  were  stem-rust 
reaction,  yield  per  plant,  test  weight  per  bushel,  plumpness  of  kernel, 
weight  of  kernel,  date  of  heading,  date  of  ripening,  length  of  fruiting 
period,  gasoline  color  value,  and  protein  content. 

PREVIOUS  INVESTIGATIONS 

There  have  been  comparatively  few  breeding  projects  and  inheri- 
tance studies  with  durum  w^heat  alone,  but  most  of  these  have  dealt 
with  rust  resistance.     Much  has  been  done  in  crossing   Triticum 

1  The  wheat-improvement  work  at  the  Langdon  substation,  Langdon,  N.Dak.,  is  carried  on  ii>coopera- 
tion  with  the  North  Dakota  Agricultural  Experiment  Station,  Fargo,  N.Dak. 
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durum  Desf.  and  T.  vulgare  Vill.^  in  an  attempt  to  produce  common 
wheats  that  are  as  resistant  to  stem  rust  as  are  the  durums. 

Harrington  and  Aamodt  (7)  ^  reported  on  the  seedling  reaction  of 
durum  crosses  to  different  forms  of  stem  rust.  In  the  greenhouse, 
Mindum  X  Pentad  showed  indications  of  a  single  genetic  factor 
difference  to  rust  form  3,  and  the  results  from  form  1  also  were 
explained  by  a  single  factor  difference.  These  investigators  obtained 
a  continuous  series  of  strains  showing  different  degrees  of  resistance 
and  susceptibility,  but  only  6  out  of  110  F3  families  were  strongly 
resistant  to  both  forms  of  rust.  Harrington  (6)  later  reported  on 
the  inheritance  of  resistance  to  stem  rust  in  the  crosses  of  both 
Mindum  and  Kubanka  No.  8  with  Pentad;  Mindum  and  Kubanka 
No.  8  were  susceptible,  and  Pentad  was  resistant  to  rust  form  34. 
Some  of  the  hybrid  families  were  found  to  be  more  susceptible  than 
Kubanka.  The  results  of  infecting  F3  and  F4  strains  of  the  Min- 
dum X  Pentad  cross  with  form  34  indicated  the  presence  of  more 
than  one  factor.  A  different  reaction  was  secured  for  Mindum  X 
Pentad  hybrids  when  tested  to  form  1  in  the  greenhouse  than  was 
obtained  in  the  field.     According  to  Harrington  (6,  p.  286-287), 

Reaction  to  rust  was  found  to  be  inherited  in  the  same  manner  as  other 
characters.  Several  factors  were  involved,  and  environmental  influences 
modified  the  expression  of  rust  reaction. 

In  an  attempt  to  secure  a  rust-resistant  hard  red  spring  wheat 
by  crossing  Marquis  with  lumillo,  a  resistant  durum,  Hayes,  Parker, 
and  Kurtz weil  {9)  found  they  could  not  recover  common  wheats 
with  all  the  resistance  of  the  durum  parent  because  resistance 
depended  on  several  characters  and  factors  and  the  numbers  used 
were  not  sufficiently  large.  They  reported  a  proportion  of  13  sus- 
ceptible plants  to  1  resistant.  The  same  writers,  in  reporting  other 
durum-vulgare  crosses,  found  susceptibility  dominant.  They  con- 
cluded that  the  mode  of  inheritance  for  rust  reaction  was  the  same 
as  that  involved  in  the  inheritance  of  botanical  or  morphological 
characters,  and  that  a  similar  technic  should  be  used  in  breeding  for 
rust  resistance. 

Waldron  (IS)  found  that  progenies  from  strains  of  Kubanka  X 
Power  were  intermediate  in  their  rust  infection.  He  concluded 
that  at  least  two  genetic  factors  were  responsible  for  rust  reaction. 

Puttick  (10)  explained  the  reaction  in  the  F2  generation  of  a  cross 
between  Marquis  and  Mindum  to  rust  form  19  by  a  single  factor 
plus  modifiers,  but  a  single  factor  did  not  account  for  the  reaction 
to  rust  form  1.  However,  35  out  of  388  F2  plants  were  resistant  to 
both  forms,  indicating  the  possibilities  of  synthetic  breeding  for 
developing  varieties  resistant  to  several  forms  of  rust. 

Clark  and  Smith  {5)  found  susceptibility  to  be  dominant  to  resist- 
ance in  the  mature-plant  stage  of  the  durum  wheat  cross,  Nodak  X 
Kahla,  with  indications  that  at  least  two  genetic  factors  are  involved. 

DESCRIPTION  OF  PARENTS 

Pentad,  or  D-5,  is  a  rust-resistant  red-kerneled  durum  introduced 
froni  Russia  in  1903  by  the  North  Dakota  Agricultural  Experiment 
Station  (1).     The  variety  has  white  glumes  and  awns,  and  the  kernels 

2  According  to  the  rules  of  botanical  nomenclature  the  name  of  this  species  is  Triticum  aestivum  L.,  but 
as  T.  vulgare  is  in  general  use  among  agronomists,  the  writers  give  preference  to  that  form. 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  27. 
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are  red,  short,  and  plump.  It  was  first  distributed  by  the  North 
Dakota  station  in  1911  (4),  and  since  that  time  has  been  grown 
extensively.  Farmers  consider  Pentad  particularly  desirable  for  late 
seeding,  as  it  is  not  injured  by  rust  even  though  sown  late.  How- 
ever, it  is  of  poor  quality  and  is  not  desirable  for  the  manufacture  of 
semolina  or  macaroni,  because  the  product  is  gray  and  speckled. 
As  it  brings  a  lower  price  than  the  amber  durums  it  is  largely  used 
for  feed  or  exported. 

Nodak  is  an  amber-kerneled  durum  which,  in  1915,  originated 
as  a  head  selection  from  Kubanka  (C.I.*  no.  1440)  at  the  Dickinson 
substation,  Dickinson,  N.Dak.  (12).  Like  Pentad,  it  also  is  resistant 
to  stem  rust,  though  it  is  not  equal  to  it  in  this  respect.  It  is  a 
high-yielding  variety,  especially  in  western  North  Dakota  and  in 
South  Dakota,  but  it  is  undesirable  in  that  it  also  produces  a  gray 
macaroni.     It  is  not  grown  so  extensively  as  Pentad. 

Akrona  is  an  amber-kerneled  durum  variety  selected  from  Arnautka 
(C.I.  no.  1493)  in  1912  at  the  United  States  Dry  Land  Field  Station, 
Akron,  Colo.  (8).  Varietal  experiments  at  that  station  showed 
Akrona  to  be  the  best  yielding  durum.  It  is  early  maturing  and 
has  a  high  gasoline  color  value,  indicating  suitability  for  the  manu- 
facture of  macaroni.  Under  severe  rust  conditions,  Akrona  may 
be  damaged  considerably,  as  it  is  susceptible  to  rust.  It  is  not 
commercially  grown. 

The  contrasting  differences  in  the  characters  of  the  three  parental 
varieties  studied  that  are  evident  under  suitable  environment  are 
shown  in  table  1. 

Table  1. — Contrasting  differences  in  the  characters  of  Pentad,  Nodak,  and  Akrona 

wheats 


Contrasting  differences 

Character 

Pentad 

Nodak 

Akrona 

Reaction  to  stem  rust 

Strongly  resistant- -- 
Low..  .. 

Weakly  resistant 

High 

Susceptible. 

Yield ^ 

High. 

Test  weight 

High-. 

Low 

Low. 

Plumpness 

do 

Do. 

Weight  of  kernel 

Light 

do 

Heavy. 

Date  of  heading 

Medium 

Late 

Early. 

Date  of  ripening 

Fruiting  period 

do 

Long. 

do 

Long 

Do. 
Long. 

Gasoline  color  value 

Very  low .. 

Low        .      ..    

High. 

Crude-protein  content 

High 

Medium 

Low. 

This  experiment  was  planned  primarily  to  learn  more  concerning 
the  inheritance  of  stem-rust  reaction  in  durum  wheats.  It  was 
thought  that  Pentad  might  have  the  dominant  immune  reaction 
from  rust  similar  to  that  of  Hope  common  wheat  (2).  The  parents 
seemed  suited  for  such  a  study  because  of  different  degrees  of  rust 
reaction.  While  Pentad  was  not  found  to  have  the  immune  reaction, 
it  is  the  rtiost  strongly  resistant  durum  wheat  known.  Nodak  is 
weakly  resistant,  and  Akrona  is  susceptible. 

Although  selected  primarily  for  differences  in  rust  reaction,  the 
parents  exhibited  marked  diflferences  in  other  characters,  and,  as 
shown,  some  of  these  characters  were  studied  in  the  hybrid  material 

*  C.I.  refers  to  the  accession  number  of  the  Division  of  Cereal  Crops  and  Diseases,  formerly  the  Olflce 
of  Cereal  Investigations. 
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in  the  hope  that  hght  might  be  thrown  on  the  relations  of  such 
characters  to  each  other  and  more  particularly  to  rust  reaction. 

EXPERIMENTAL  METHODS 

The  three  crosses  and  their  reciprocals  were  made  at  the  United 
States  Northern  Great  Plains  Field  Station,  Mandan,  N.Dak.,  in 
1928.  The  Fi  plants  were  grown  in  a  greenhouse  at  the  Arlington 
Experiment  Farm,  Rosslyn,  Va.,  in  the  winter  of  1928-29,  and  seed 
from  the  Fi  plants  was  sent  to  Langdon,  N.Dak.,  for  sowing  in  the 
spring  of  1929.     No  rust  data  were  obtained  on  the  Fi  plants. 

In  1929  the  Fa  population  of  Pentad  xNodak  occupied  6  rod 
rows,  Pentad  X  Akrona  5  rod  rows,  and  Nodak  X  Akrona  3  rod  rows, 
and  1  row  of  each  parent  was  grown  on  each  side  of  the  hybrids. 
In  1930  the  F3  population  of  Pentad  X  Akrona  occupied  150  rod 
rows,  while  of  each  of  the  other  two  hybrids  99  rows  were  grown. 
In  1930  the  parental  varieties  were  alternated  as  checks  every  tenth 
TOW.  The  kernels  were  spaced  3  inches  apart  in  rod  rows  1  foot 
apart.     A  row  with  a  perfect  stand  contained  70  plants. 

No  attempt  was  made  to  introduce  particular  physiologic  forms  of 
stem  rust  nor  to  produce  an  artificial  epidemic.  A  heavy  infection 
was  obtained  by  growing  susceptible  varieties  in  border  rows,  by 
spacing  the  seed,  and  by  late  planting.  A  study  made  by  M.  N. 
Levine,  pathologist,  Division  of  Cereal  Crops  and  Diseases,  stationed 
at  University  Farm,  St.  Paul,  Minn.,  of  the  physiologic  forms  present 
in  1929  indicated  that  form  17  probably  was  responsible  for  the  larger 
part  of  the  infection.  Rust  collections  made  in  the  nursery  in  1930 
and  sent  to  Levine  included  physiologic  forms  21,  36,  and  49.  Inas- 
much as  the  mature  plant  reactions  of  the  parent  varieties  have  been 
consistent  throughout  the  different  years,  the  presence  or  effect  of 
different  physiologic  forms  of  stem  rust  was  considered  to  be  of  no 
importance  in  this  study. 

The  seasons  of  1929  and  1930  were  unusually  favorable  for  devel- 
oping a  severe  rust  epidemic.  In  both  seasons  seed  of  these  crosses 
was  sown  late,  but  sufficient  rain  prevented  premature  ripening. 
In  the  week  following  the  first  appearance  of  rust  in  1930,  the  climatic 
conditions  for  its  development  were  almost  ideal.  Very  little  dif- 
ference was  apparent  in  the  amount  of  infection  in  the  2  years.  When 
the  relation  of  rust  to  yield  is  considered,  however,  it  is  apparent 
that  rust  did  more  damage  in  1930  than  in  1929. 

In  both  years  the  plants  were  pulled  when  fully  ripe  and  examined 
individually  for  rust  infection.  The  rust  reaction  was  quantitative  in 
appearance,  there  being  no  distinct  categories.  Each  plant,  therefore, 
was  classified  for  amount  of  stem  rust  in  the  following  frequency 
classes  according  to  the  infection:  2,  10,  20,  30,  40,  50,  60,  70,  and  80. 
These  degrees  of  infection  are  illustrated  in  figure  1.  For  convenience 
in  figuring,  a  trace  to  4  percent  was  computed  as  2  percent.  Each 
percentage  figure  was  considered  the  center  of  its  class,  that  is, 
10  was  the  midpoint  of  5  to  14  percent,  and  20  was  the  midpoint  of 
15  to  24  percent,  etc. 

In  1929  the  parent  and  F2  hybrid  plants  were  threshed  individually 
and  the  plant  yields  recorded.  In  1930,  after  the  rust  classification 
was  completed,  the  plants  of  each  row  were  put  together  and  threshed 
as  an  F3  strain.    The  average  yield  per  plant  was  calculated  by  divid- 
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ing  the  yield  per  row  by  the  number  of  plants.    Uniform  stands  were 
obtained,  but  a  few  rows  were  short  because  of  lack  of  seed.     The 


Figure  1.— Stem-rust  infection  classes  used  in  the  classification  of  the  Fj  and  Fs  generations  of  the  triangle 
crosses  with  Pentad,  Nodak,  and  Akrona  durum  wheats  grown  at  Langdon,  N.Dak.,  1929  and  1930. 

yield  per  plant  was  therefore  more  accurate  than  the  yield  per  row. 
Test  weight,  kernel  plumpness,  weight  per  1,000  kernels,  gasoline 
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color  value,  and  crude-protein  content  were  determined  on  the  grain 
from  the  F3  strains  and  parent  checks.  Dates  of  heading  and  ripening 
and  length  of  fruiting  period  also  were  noted  on  individual  rows  or 
strains. 

SEGREGATION  OF  CHARACTERS 

The  hybrids  were  studied  for  the  segregation  of  the  various  char- 
acters in  comparison  with  the  characters  of  the  parents,  in  order  to 
determine  how  they  are  inherited.  The  characters  were  all  quantita- 
tive and  therefore  could  not  be  classified  into  distinct  categories,  but 
were  noted  in  frequency  classes. 

Although  environmental  conditions  strongly  influence  the  expres- 
sion of  all  the  characters  under  consideration,  it  seems  reasonable  to 
assume  that  when  environmental  conditions  are  the  same  for  all 
material  it  should  be  possible  to  detect  such  inherent  differences  as 
may  be  present. 

STEM-RUST  REACTION 

The  inheritance  of  reaction  to  stem  rust  was  found  to  be  less 
complex  than  that  of  the  other  characters.  For  this  reason  the  segrega- 
tion of  the  hybrids  in  comparison  with  the  reaction  of  the  parents  to 
stem  rust  will  be  presented  separately,  and  that  for  the  remaining 
characters  will  be  grouped  together. 

PENTAD  X  NODAK 

The  segregation  for  stem  rust  of  the  F2  plants  of  the  Pentad  X 
Nodak  cross  in  comparison  with  the  reaction  of  the  parents  is  shown 
in  table  2.  All  Pentad  plants  were  classified  in  the  2  and  10  percent 
frequency  classes,  averaging  5.2  percent,  and  all  Nodak  plants  in  the 
10,  20,  and  30  percent  classes,  averaging  18.4  percent.  None  of  the 
parent  or  hybrid  plants  were  rust  free  or  immune.  Although  there 
was  overlapping  of  the  parents,  Pentad  having  39.8  percent  and 
Nodak  29.3  percent  of  the  plants  in  the  10  percent  class,  the  average 
difference  was  significant.  The  F2  plants  averaged  10.9  percent  infec- 
tion and  were  all  distributed  in  the  four  infection  classes  similar  to 
those  of  the  parents.  Because  of  the  overlapping  of  parental  reactions, 
it  was  not  possible  to  separate  the  F2  plants  on  the  basis  of  resemblance 
to  one  or  the  other  parent.  The  reaction  appeared  to  be  intermediate 
with  no  definite  dominance  of  either  strong  or  weak  resistance.  How- 
ever, the  average  infection  of  the  hybrids  was  nearer  that  of  the 
strongly  resistant  Pentad  parent. 

Table  2. — Segregation  for  stem-rust  reaction  of  F2  plants  in  comparison  with  the 
reaction  of  the  parents,  in  the  durum  wheat  cross,  Pentad  X  Nodak,  at  Langdon, 
N.Dak., 


Parent  or  cross 

Num 

ber 

of 

rows 

Number    and    percentage  of 
plants  by  stem-rust  infection 
class 

Average 
percent- 
age of 
rust 

2 

10 

20 

30 

Total 

Pentad: 

2 

53 
60.2 

67 
26.2 

35 
39.8 

127 
49.5 

22 
29.3 

88 
100 

256 
100 

75 
100 

5.2 

Percentage 

Pentad  X  Nodak: 

Number           .  .. . 

6 

47 
18.4 

43 
57.4 

15 
5.9 

10 
13.3 

10.9 

Percentage 

Nodak: 

Number 

2 

18.4 

Percentage 
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Table  3  shows  the  distribution  of  the  99  F3  strains  of  the  Pen- 
tad X  Nodak  cross  with  respect  to  the  average  stem-rust  infection  in 
comparison  with  the  average  infection  of  the  parental  rows  and  the 
original  F2  behavior.  By  means  of  the  reaction  of  the  F3  strains  one 
may  learn  the  breeding  behavior  of  the  F2  plants  and  thereby  deter- 
mine to  what  extent  the  infection  in  F2  was  an  indication  of  the 
genotype  of  the  plant.  Since  the  99  strains  grown  in  F3  were  a 
selected  rather  than  a  random  sample  of  the  population  with  reference 
to  rust  reaction,  the  F2  frequency  distribution  has  been  corrected 
accordingly. 

The  parental  reactions  overlap  in  1930  as  in  1929,  the  average 
rust  infections  in  1930  being  7  and  10.8  percent  for  Pentad  and 
Nodak,  respectively;  the  difference,  though  small,  is  statistically 
significant.  The  infection  distribution  for  the  hybrid  strains  was 
somewhat  intermediate,  but  the  average,  9.9  percent,  nearly  ap- 
proached that  of  the  weakly  resistant  Nodak  parent.  This  indicates 
segregation. 

The  correlation  between  reaction  to  stem  rust  in  F2  and  F3  is 
+  0.506  ±  0.050.  (See  table  14.)  This  value  perhaps  should  be  used 
with  caution,  because  there  were  only  four  frequency  classes  in  the 
F2  distribution. 

Table  3. — Average  siem-rusi  infection  of  99  Fz  strains  of  Pentad  X  Nodak  in  com- 
parison with  that  of  the  parents  and  the  original  and  corrected  F2  frequency  distri- 
bution at  Langdon,  N.Dak.,  1929  and  1930 


Pen- 
tad 
(num- 
ber) 

Stem-rust  infection  in  Fs  strains  grown  from 
parents  in  indicated  Fj  stem-rust  classes 

No- 
dak 
(num- 
ber) 

Cor- 
rected 

Average  infection  for  1930 

2 

10 

20 

30 

Fj  dis- 
tribu- 
tion 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

Num- 
ber 

Per- 
cent 

(per- 
cent) 

10 

4 

7 
17 
2 

26.9 

65.4 

7.7 

17 

20 

5 

39.5 
46.5 
11.6 

3 

15 

1 

15.8 

78.9 

5.3 

1 
8 
2 

29.5 

1 
6 

9.1 
54.5 

55.1 

12.0 

Total 

96.6 

20  percent 

1 

2.4 

3 

1 

27.3 
9.1 

2.8 

.6 

Total 

3.4 

Total    .... 

14 

Per- 
cent 

>7 

26 

inn 

43 

inn 

19 

inn 

11 

inn 

11 

Per- 
cent 
110.7 

100.0 

Percent 
9 

Percent 

Percent 
9.5 

PerccTd 
16.8 

9.5 

Original  1929  Fj  distribution. - 

26 

.2 

4S 

.5 

IS 

.4 

).9 

100.0 

1  Calculated  from  actual  values. 


On  the  basis  of  the  average  reaction  of  the  strains  in  F3,  there  were 
no  consistent  differences  in  the  plants  classified  in  F2  in  the  2,  10, 
and  20  percent  rust  classes.  However,  the  plants  classified  as  having 
30  percent  rust  in  F2  were  significantly  more  susceptible  in  F3  than 
those  plants  in  the  lower  frequency  classes.  Thus  the  plant  reaction 
to  stem  rust  in  F2  was  not  entirely  reliable  as  an  indicator  of  probable 
breeding  behavior  in  F3  for  strong  or  weak  resistance  as  shown  in  the 
parents.  This  may  be  due  in  part  to  difficultv  in  obtaining  a  suffi- 
ciently severe  epidemic  of  rust  in  such   resistant  material.     The 
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reaction  to  stem  rust  of  F3  strains  suggests  the  genotype  of  the  F2 
plants.  In  the  corrected  F2  distribution  96.6  percent  of  the  strains 
fell  within  the  range  of  the  parents,  and  3.4  percent  of  the  strains 
averaged  higher  in  rust  infection  than  did  either  parent.  The  fact 
that  none  of  the  hybrid  plants  or  strains  was  rust  free  or  more  resistant 
than  Pentad,  the  strongly  resistant  parent,  casts  some  doubt  on  the 
possibility  of  transgressive  segregation.  It  was  evident  that  im- 
munity or  freedom  from  rust  was  not  obtained.  At  the  other  extreme 
there  were  some  F3  plants  having  more  rust  than  any  of  the  Nodak 
plants,  two  falling  in  the  40  percent  class,  while  all  Nodak  plants, 
with  the  exception  of  one  with  30  percent  infection,  were  in  the  lower 
percentage  frequency  classes.  Of  the  99  F3  strains  of  Pentad  X  Nodak 
all  but  17  contained  plants  in  the  2  percent  class. 

The  standard  deviation  for  rust  reaction  was  calculated  for  each  F3 
strain  and  parent  checkrow.  These  standard  deviations  and  the 
average  stem-rust  infection  are  shown  in  table  4.  The  variability 
was  not  great,  but  12  hybrids  were  more  variable  than  any  of  the  parent 
rows.  This  also  indicates  segregation,  which,  together  with  the 
greater  amount  of  infection,  suggests  that  Pentad  and  Nodak  may 
differ  by  two  minor  complementary  genetic  factors  for  rust  infection. 
Because  of  the  small  number  of  classes,  the  correlation  coefficient, 
+  0.693  ±0.035,  between  amount  of  infection  and  variability  must 
be  interpreted  carefully,  but  it  is  apparent  that  the  less  resistant 
'strains  had  the  higher  standard  deviation.  Further  reference  will 
be  made  to  this  relation  in  the  discussion  of  the  Pentad  X  Akrona 
cross. 

Table.  4 — Relation  between  average  stem-rust  infection  and  standard  deviation  for 
rust  reaction  of  parent  checkrows  and  99  F3  strains  of  Pentad  X  Nodak  grown  at 
Langdon,  N.Dak.,  1930  ^ 


Parent  or  cross  and  percentage  of  stem  rust 

Rows  having  indicated 
standard  deviation 

Total 
number 
of  rows 

Average 
percent- 

2.5 

3.5 

4.5 

5.5 

6.5 

age  of 
rust 

Pentad' 

9 
5 

5 

1 

7 
3 

1 
1 

10 - 

1 

Total 

1 

10 

2 

1 

14 

2  7.0 

Hybrids: 

5. _. 

1 

] 

2 

27 
52 
15 
4 
1 

99 

1 
8 
2 

19 

12 

7 

10 

22 

Ifi 

15 

■ * 

3 

6  J 

6 

20 

1 

3 

1 

12 

25 

Total -. 

31 

32 

24 

9.9 

Nodak- 

5 

1 
4 
1 

10. 

2 

2 
1 

15 ..     - 

Total                                                 

2 

6 

3 

11 

2  10.8 

1  The  solid  lines  around  figures  show  the  range  of  the  parents  and  the  dotted  lines  the  range  of  both 
parents  in  comparison  with  the  hybrids. 

2  Calculated  from  actual  values. 
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The  results  of  the  studies  on  the  Pentad  X  Nodak  cross  for  degrees 
of  rust  resistance  may  be  summarized  as  follows:  Segregation  occur- 
red and  differences  were  inherited  in  a  quantitative  manner;  the  rust 
reaction  of  the  hybrids  was  somewhat  intermediate,  although  the 
average  nearly  approached  that  of  Nodak,  the  weakly  resistant  parent; 
in  F3  there  were  indications  of  transgressive  segregation  for  greater 
infection  and  of  more  variability  than  had  been  shown  by  the  parents. 
It  is  concluded  that  Pentad  and  Nodak  may  differ  by  two  comple- 
mentary minor  genetic  factors  for  stem-rust  reaction,  each  variety 
apparently  containing  a  single  dominant  factor  for  infection,  and  that 
these  factors  differ  in  amount  of  effect  in  accordance  with  the  differ- 
ence between  the  parents. 


PENTAD  X  AKRONA 

The  parent  and  F2  plants  of  the  Pentad  X  Akrona  cross  were  classified 
for  stem-rust  infection  in  the  same  manner  as  were  those  of  the  Pen- 
tad X  Nodak  cross.  In  1929  the  results  from  the  progenies  of  five 
Fi  plants,  including  185  Fo  plants  from  reciprocal  crosses,  were  com- 
pared. As  there  were  no  apparent  differences  among  the  F2  families, 
the  results  were  combined.  The  number  and  percentage  of  the  parent 
and  the  Fo  hybrid  plants  are  shown  in  table  5.  The  distribution  of 
the  Fo  plants  in  relation  to  that  of  the  parents  indicates  that  sus- 
ceptibility is  partly  dominant.  There  were  34.6  percent  of  the  plants 
in  the  40,  50,  and  60  percent  classes,  which  included  Akrona,  the 
susceptible  parent.  There  were  no  hybrid  plants  in  the  2  percent 
class  and  only  5.4  percent  in  the  10  percent  class,  into  which  39.8 
percent  of  the  plants  of  Pentad,  the  resistant  parent,  were  grouped. 
The  average  percentage  for  the  F2  hybrids,  31.6  percent,  approaches 
the  average  of  Akrona  more  closely  than  that  of  Pentad.  The 
numbers  of  resistant,  intermediate,  and  susceptible  plants  do  not 
indicate  a  simple  genetic  factor  difference. 

Table  5. — Segregation  for  stem-rust  reaction  of  Fo  plants  in  comparison  with  the 
reaction  of  the  parents  in  the  durum-wheat  cross,  Pentad  X  Akrona,  at  Langdon, 
N.Dak..  1929 


Parent  or  cross 

Num- 
ber of 
rows 

Number  and  percentage  of  plants  in  stem- 
rust  class 

Total 

Average 
percent- 

2 

10 

20 

30 

40 

50 

60 

age  of  rust 

Pentad: 
Number 

2 

53 
60.2 

35 
39.8 

10 
5.4 

88 
100 

185 
100 

91 
100 

5.2 

Percentage 

Hybrids: 

N'uniber 

5 

36 
18.9 

76 
41.1 

45 
24.4 

7 

7.7 

16 
8.6 

69 
75.8 

3 
1.6 

15 
18.5 

31.6 

Percentage 

Akrona: 

Number 

2 

50.9 

Percentage 

Of  the  185  F2  plants,  150  were  chosen  for  further  study.  These 
were  selected  samples  in  that  they  contained  proportionately  less  of 
the  modal  class  and  more  of  the  extreme  classes.  Table  6  shows  the 
average  infection  of  the  F3  strains,  distributed  in  5  percent  frequency 
classes  and  arranged  according  to  the  P\  percentage  classes,  together 
with  a  corrected  F2  distribution. 

181892—33 2 


10 


TECHNICAL  BULLETIN    385,  U.S.  DEPT.  OF   AGRICULTURE 


Distribution  of  the  F3  strains  shows  that  of  8  plants  classifiedlas 
having  no  more  rust  than  Pentad  in  F2,  only  2,  or  25  percent,  were  as 
resistant  as  Pentad  in  F3.  One  was  susceptible  and  evidently  escaped 
rust  infection  in  1929  because  of  premature  ripening.  In  this  cross 
there  was  a  fairly  close  relation  between  reaction  to  stem  rust  in  the 
two  generations,  as  shown  by  the  correlation  coefficient,  which  was 
+  0.668  ±  0.030.     (See  table  14.) 

On  the  assumption  that  the  genotype  is  more  accurately  indicated 
by  the  behavior  of  F3  strains,  the  original  1929  F2  distribution  was 
corrected  to  represent  a  random  sample  of  the  population  on  the  basis 
of  the  breeding  behavior  of  the  F3  strains  that  were  grown.  The 
corrected  F2  distribution  is  suggestive  of  a  partial  dominance  of 
susceptibility,  since  only  1 .4  percent  of  the  strains  resembled  Pentad, 
the  resistant  parent,  while  16.2  percent  were  as  susceptible  as  the 
nonresistant  parent,  Akrona.  The  average  rust  infection  of  all  the 
F3  strains  was  31.7  percent,  which,  like  the  F2  average,  was  slightly 
nearer  the  average  of  Akrona  than  to  the  average  of  Pentad. 

Table  6. — Average  stem-rust  infection  of  150  Fz  strains  of  Pentad  X  Akrona  in 
comparison  with  that  of  the  parents  and  the  original  and  corrected  F2  frequency 
distribution  at  Langdon,  N.  Dak.,  1929  and  1930 


I 

S 

c 

i 

Stem-rust  infection  in  Fs  strains  grown  from  parents  in 
indicated  F2  stem-rust  classes 

i 
1 

03 
g 

< 

Average  infection  for  1930 

10 

20 

30 

40 

50 

60 

1 
B 

3 

1 

1 

s 

1 

1 

1 

a 

1^ 

1 

1 

a 
3 

1 

1 

a 
3 
iz; 

(2 

5  percent 

10 
4 

10  percent 

2 

25.0 

~    " 

1.4 

Total.... 

1.4 

3 

12.6 
37.5 
12.5 

5 
11 
9 
6 
1 
1 

15.2 
33.3 
27.3 
18.2 
3.0 
3.0 

4 

6 
10 
18 
6 
3 

8.3 
12.5 
20.8 
37.5 
12.5 

6.3 

15  percent 

7  0 

20  percent 

2 

4 
5 

8 
10 

4.7 
9.3 
11.6 
18.6 
23.2 

" 

14.6 

25  percent 

1 
2 

1 
2 

6.7 
13.3 

6.7 
13.3 

17.2 

30  percent 

22  8 

35  percent 

■ 

10.8 

40  percent... 

10  0 

Total 

82.4 

. 

45  percent 

1 

2.1 

6 
5 
3 

14.0 
11.6 
7.0 

4 
1 
4 

26.7 
6.7 
26.6 

1 
1 

1 

33.3 
33.4 
33.3 

4 
6 
4 

7.1 

50  percent 

12.5 

4.6 

55 percent...  . 

4  5 

Total 

16.2 

60  percent 

1 

Total 

14 

Per- 
cent 
7.0 

g 

inn  n 

33 

ion  n 

48 

inn  n 

43 

inn  n 

15 

inn  n 

3 

inn  n 

16 

Per- 
cent 
150.7 

100  0 

Average  rust  in  Fa.  ..  . 

Percent 

21.2 

Percent 

2S  fi 

Percent 

28.0 

Percent 

38.5 

Percent 

43.3 

Percent 

■'50.  0 

31.7 

Original  1929  Fj  distribution 

5.4 

18.9 

41.1 

24.4 

8.6 

1.6 

100.0 

1  Calculated  from  actual  values. 


The  standard  deviation  for  rust  infection  of  each  strain  and  parent 
row  was  calculated  as  before  for  a  comparison  of  variability.  These 
standard  deviations  and  the  average  rust  infection  are  shown  in  table 
7.  Most  of  the  hybrids  were  much  more  variable  than  the  Pentad 
parent,  and  many  of  them  were  mo  re  variable  than  Akrona.     The 
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data,  as  a  whole,  indicate  that  tlie  relation  between  rust  infection  and 
its  variability  is  not  linear,  the  strains  intermediate  for  rust  reaction 
tending  to  have  a  higher  standard  deviation  than  the  resistant  or  the 
susceptible  strains.  This  shows  that  the  intermediate  rust  classes 
include  a  larger  proportion  of  heterozygous  strains  than  do  the  extreme 
classes. 

The  Akrona  checkrows  have  a  liigher  standard  deviation  than  the 
Pentad  checkrows.  Akrona  can  scarcely  be  considered  any  less 
homozygous  than  Pentad.  If  a  variety  were  immune,  its  standard 
deviation  would  be  zero.  Therefore,  it  appears  that  with  increasing 
quantities  of  infection  an  increasing  value  should  be  taken  as  the 
maximum  standard  deviation  consistent  with  homozygosity.  With 
this  in  mind,  a  line,  a-y,  was  drawn  in  table  7,  laying  off  the  maximum 
standard  deviation  of  the  parents. 

Table  7. — Relation  between  average  stem-rust  infection  and  standard  deviation  for 
rust  infection  of  parent  checkrows  and  of  150  Fz  strains  of  Pentad  X  Akrona  grown 
at  Langdon,  N.Dak.,  1930  » 


Rows  having  indicated  standard  deviation 

Aver- 
age 
devi- 
ation 

Total 
num- 
ber of 
rows 

Aver- 
age 
per- 
centage 
of  rust 

Parent  or  cross  and  percentage  of 
stem  rust 

2.5 

3.5 

4.5 

5.5 

8.6 

7.5 

8.5 

9.5 

10.6 

11.6 

12.5 

Pentad* 

10 
4 

5                                       -  -- 

1 

8 

9 

1 
1 

10                                   

1 

Total 

1 

10 

2 

1 

3.7 

14 

»7 

Hybrids: 

.X 















"'4.5' 
6.1 
6.4 
7.3 
7.5 
8.1 
7.7 
7.4 
8.0 
7.6 

10 
22 
25 
31 
16 
16 
12 
8 

8 

5-. 

10 

'::" 

.... 

"¥ 

15                              

...... 

..... 

6 

1 
2 

SI 

3 

■f 

1 
3 

20 

1 
1 
1 

3 
11 

2 
2 
6 
4 
4 
{    3 

25 

5 
2 

1 

30 

1 
1 

35 

1 

.... 

40 

.... 

1 

..2. 

45 

_.• 

50                       

T 

1 

55                                     

::::•:::: 

3  :\i 

60 

V 

•.._. 

— ... 

.... 

•— 1 

Total - 

6 

14 

49 

43 

23 

11 

2 

1 

1 

7.3 

150 

31.7 

t 

4 
1 

45                                  

1 
2 
2 

2 

1 
2 
1 

1 
3 

50 

55 

60      

^— 

Total        

5 

6 

1 

4 

6.4 

16 

»60.7 

'See  footnote  1,  table  4,  for  explanation  of  rules  around  figures. 
*  Calculated  from  actual  values. 

On  this  basis,  57  out  of  150  strains  may  be  assumed  to  be  homozyg- 
ous for  their  rust  reactions,  since  their  standard  deviation  was  less 
than  that  laid  off  by  line  xy.  This  includes  38  percent  of  the  F3  strains 
and  leaves  62  percent  which  are  apparently  heterozygous.  Since  the 
reaction  of  the  F3  strains  was  used  to  determine  the  genotype  of  the 
F2  plants,  these  percentages  refer  to  proportions  of  the  F2  population 
as  represented  by  the  F3  strains.  However,  the  F3  strains  grown  were 
not  a  random  sample  of  the  F2  population  in  that  they  contained  a 
deficiency  of  strains  in  the  30  percent  group.     Since  the  very  extreme 
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strains  tended  to  be  more  nearly  homozygous  than  those  intermediate 
for  rust  infection,  it  is  reasonable  to  expect  that  a  strictly  random 
sample  of  the  F2  population  would  have  produced  a  smaller  propor- 
tion of  homozygous  strains  than  was  actually  obtained. 

According  to  Hayes  and  Garber  {8,  p.  112),  two  genetic  factors 
would  produce  25  percent  of  homozygous  F2  plants,  or  F3  strains,  and 
a  single  genetic  factor  would  produce  50  percent.  If,  as  suggested, 
less  than  38  percent  of  the  F2  population  were  homozygous,  then  two 
genetic  factors  for  stem  rust  is  the  most  likely  explanation  of  the 
reactions  observed. 

This  arbitrary  method  of  determining  the  homozygous  strains  is 
admittedly  open  to  criticism.  The  homozygous  and  heterozygous 
strains  probably  overlap  in  standard  deviation,  and  for  this  reason  an 
arbitrary  line  cannot  effect  an  accurate  separation.  However,  if  two 
dominant  genetic  factors  for  susceptibility  is  the  essential  explana- 
tion of  the  genetic  differences  in  this  cross,  it  is  probable  that  the  two 
factors  differ  in  amount  of  effect,  as  evidenced  by  the  large  number  of 
homozygous  intermediate  strains  having  different  amounts  of  infec- 
tion. The  resistance  of  Pentad  was  more  difficult  to  recover  than 
would  be  expected  with  two  simple  major  genetic  factors.  Tliis  sug- 
gests the  possible  presence  of  modifying  factors. 

Twenty-seven  F3  plants  showing  only  2  percent  of  rust  were  saved 
for  growing  as  F4  families  to  determine  whether  they  were  homozygous. 
Accordingly,  in  1931  they  were  space-planted  in  rod  rows,  and  the  F4 
families  were  classified  for  stem-rust  reaction.  The  distribution  of 
the  average  infections  of  27  families  in  the  F4  generation  showed  that 
5  fell  within  a  2K  percent  class,  16  in  a  7/2  percent  class,  3  in  a  12}^ 
percent  class,  and  3  in  a  17K  percent  class. 

It  is  significant  that  all  of  the  27  families  proved  comparatively 
homozygous  for  degree  of  resistance.  The  plants  of  the  F4  strains 
could  always  be  classified  in  three  percentage  classes  and  generally  in 
two.  Thus  the  strains  appeared  as  homozygous  as  standard  named 
durum  varieties.  It  is  of  further  significance  that  most  of  the  plant 
selections  bred  true  for  a  comparatively  strong  resistance.  None  of 
the  strains  averaged  more  than  20  percent  infection,  and  only  two  con- 
tained any  F4  plants  with  as  much  as  30  percent  infection.  Twenty- 
one  families  had  an  average  rust  infection  of  less  than  10  percent,  and 
these  were  similar  to  Pentad  both  in  amount  of  resistance  and  in 
homozygosity. 

These  results  show  that  in  the  Pentad  X  Akrona  cross  it  is  possible 
to  recover  in  a  homozygous  condition  the  resistance  of  Pentad  to 
stem  rust. 

In  another  test  there  were  selected  from  the  apparently  homozygous 
F3  strains  four  that  were  representative  of  each  of  the  rust  classes 
from  10  to  60  percent.  A  bulk  sample  of  the  seed  from  each  was 
space-planted  in  an  F4  row  in  1931,  the  object  being  to  see  if  the  strains 
w^ould  breed  true.  Pentad,  Nodak,  N.D.R.  216,  Mindum,  Akrona, 
and  Peliss  No.  14  were  included  for  comparison.  The  results  are  sum- 
marized in  table  8. 

The  epidemic  was  not  so  severe  in  1931  as  in  1930,  but  it  is  clear 
that  there  was  a  very  definite  correlation  between  rust  reaction  in  F3 
and  F4.  A  single  strain  with  an  average  of  17.7  percent  infection  in  F4 
is  a  partial  exception.  However,  it  was  later  found  that  this  strain  was 
one  from  which  eleven  2  percent  plants  had  been  selected  for  another 
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study,  and  thus  the  seed  which  was  sown  was  not  a  random  sample. 
Therefore,  this  strain  was  not  inchided  in  the  average.  Pentad, 
Nodak,  N.D.R.  216,  Mindum,  Akrona,  and  Peliss  No.  14  were  grown 
to  represent  different  degrees  of  resistance  and  susceptibility.  In 
comparison  with  the  named  varieties,  most  of  the  hybrid  strains 
studied  could  be  considered  homozygous. 

Table  8. — Stem-rust  reaction  in  F^  of  PentadX  Akrona  strains  apparently  homo- 
zygous in  F3,  compared  with  varieties  with  various  degrees  of  resistance  and  suscep- 
tibility 


Fj  reaction  classes  or  variety 

Average  F*  strains  or  rows  grown  from  parents  in 
indicated  F3  stem-rust  classes 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Average 

2 

3 



u 

6.4 

20  percent..    -         -         ...          

8  9 

30  percent  . 

3 

16  1 

40  percent 

3 

1 
1 

25.9 

60  percent ..    . 

2 
2 

1 

35  5 

60  percent 

2 

-  — 

39  5 

Pentad 

3.5 

Nodak 

6.4 

N.D.R.  216 

1 

16  1 

Mindum  . 

21  4 

Akrona 

1 

36.5 

Peliss  No.  14 

1 

49  5 

1 

1  This  strain  was  not  included  in  the  average  because  it  was  found  later  that  it  was  not  a  random  sample. 

This  experiment  demonstrates  that  F3  strains  may  be  obtained  that 
are  homozygous  for  various  degrees  of  resistance  or  susceptibility 
intermediate  betw^een  the  parents. 

The  results  of  the  studies  on  the  Pentad  X  Akrona  cross  for  rust 
reaction  may  be  summarized  as  follows:  The  corrected  F2  reaction 
indicates  a  somewhat  intermediate  inheritance,  although  susceptibility 
is  partially  dominant;  the  F2  plant  reactions  bore  a  fairly  close  rela- 
tion to  the  breeding  behavior  of  the  F3  strains;  the  proportion  of 
heterozygous  strains,  as  determined  by  the  standard  deviation  for 
rust,  suggested  the  presence  of  two  major  dominant  genetic  factors 
for  susceptibility;  it  seems  likely  that  these  factors  differ  in  amount  of 
effect;  F4  studies  showed  that  it  is  possible  to  recover  the  resistance  of 
Pentad  in  a  homozygous  condition;  homozygous  F3  strains  remained 
constant  in  F4  for  different  degrees  of  resistance  and  susceptibility 
intermediate  between  the  parents. 


NODAK  X  AKRONA 

The  Nodak  X  Akrona  cross  was  handled  in  the  same  manner  as  the 
other  crosses.  One  hundred  and  eleven  plants  were  grown  in  F2,  and 
their  distribution  for  stem-rust  reaction  in  comparison  with  that  of 
the  parents  is  shown  in  table  9.  An  intermediate  inheritance  is  indi- 
cated, only  a  single  plant  being  found  in  the  e.xtremely  susceptible 
parental  rust  class.  The  average  infection  of  the  hybrids  was  34.5 
percent,  which  is  almost  exactly  midway  between  the  parental 
averages  of  18.4  percent  for  Nodak  and  50.9  percent  for  Akrona.  A 
total  of  56.7  percent  of  the  plants  was  included  in  the  rust  classes 
represented  by  Nodak  and  43.3  percent  in  those  represented  by 
Akrona. 
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Table  9. — Segregation  for  stem-rust  reaction  of  F2  plants  in  comparison  with  the 
reaction  of  the  parents  in  the  durum-wheat  cross,  Nodak'XAkrona,  at  Langdon, 
N.Dak.,  1929 


Parent  or  cross 

Num- 
ber of 
rows 

Number  and  percentage  of  plants  in  the 
stem-rust  class 

Average 
percent- 

10 

20 

30 

40 

50 

60 

Total 

age  of 
rust 

Nodak: 

Number 

2 

22 
29.3 

43 
57.4 

11 
9.9 

10 
13.3 

52 
46.8 

75 
100 

111 
100 

91 
100 

18  4 

Percentage 

Hybrids: 

Number 

3 

36 
32.5 

7 
7.7 

11 
9.9 

69 
75.8 

1 
0.9 

15 
16.5 

34  5 

Percentage -. 

Akrona: 

Number 

2 

50  9 

Percentage 

Table  10. — Average  stem-rust  infection  of  99  Fz  strains  of  Nodak  X  Akrona  in 
comparison  with  that  of  the  parents  and  the  original  and  corrected  F2  frequency 
distribution  at  Langdon,  N.Dak.,  1929  and  1930 


I 

a 

1 

Stem-rust  infection  in  F3  strains  grown  from 
parents  in  indicated  F2  stem-rust  classes 

I 

a 

d 

OJ 

1 

•< 

3 

la 

Average  infection  for  1930 

20 

30 

40 

50 

60 

1 

1 

1 

1 

a 

(2 

1 

a 
z 

1 

a 

1 

r 

6 

5  percent— 

1 

10  percent 

1 
2 

2.0 

4.1 

0  9 

15  percent- 

1  9 

Total - - - 

2  8 

20  percent                 -  . 

1 
2 
2 
2 

1 

ILl 
22.2 
22.3 
22.2 
ILl 

3 

6.1 

4  0 

25  percent 

2  2 

30  percent.      . .  .  . 

4 
11 

8.2 
14.3 
22.5 

1 
9 

6 

3.3 
30.0 
20.0 

10.0 

8  1 

35  percent... 

18.6 

40  percent 



18.1 

Total 

51.0 



8 
8 

16.3 
16.3 

1:1 

5 
2 
2 
2 

16.7 
6.7 
6.7 
6.7 

1 
1 
1 
3 



45  percent... 

1 

11.1 

10.0 
10.0 
10.0 
30.0 

4 
6 
4 

1 

15  2 

50  percent 

10.8 

55  percent 

7  0 

60  percent           . .  . 

1 

100.0 

7  0 

Total 

40.0 

.. 

65  percent 

2 

1 

6.6 
3.3 

2  2 

70  percent 

3 

30.0 

4.0 

Total 

6.2 

Total 

Average  rust  in  F3.      .  .         .    . 

11 

Per- 
cent 
110.7 

9 
Per 

100.0 
cent 

49 
Pel 

100.0 

cent 
39  fi 

30 
Pel 

100.0 
cent 

44  7 

10 

Pe, 

100.0 
cent 

.«i7  0 

1 

Pel 

100.0 
cent 

15 

Per- 
cent 
150.7 

100.0 
42.4 

Original  1929  F2  distribution 

'9:9 

46.8 

32.  ."i 

9.9 

"."9 

100.0 

>  Calculated  from  actual  values. 

Only  99  F2  plants  were  selected ^f or  growing  as  F3  strains.  The 
average  stem-rust  infection  in  F3  as  compared  with  the  F2  plant 
reaction  is  shown  in  table  10.  The  correlation  coefficient  for  reaction 
of  F2  plants  and  the  average  infection  of  F3  strains  was  +  0.472  ± 
0.053.  (See  table  14.)  This  is  not  so  high  as  the  corresponding 
coefficients  for  the  two  crosses  previously  discussed,  but  doubtless 
there  was  a  direct  relation.  The  corrected  F2  distribution  shows  that 
2.8  percent  of  the  plants  were  similar  to  Nodak  in  their  reaction, 
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51  percent  were  intermediate  between  the  parents,  40  percent  were 
similar  to  Akrona,  and  6.2  percent  averaged  more  than  Akrona,  the 
susceptible  parent.  This  again  suggests  transgressive  segregation  for 
stem-rust  infection,  but  no  further  evidence  is  available  since  no  strains 
of  this  cross  were  tested  in  F4.  Two  major  genetic-factor  differences 
are  strongly  indicated.  However,  the  difficulty  of  recovering  strains 
resembling  the  weak  resistance  of  the  Nodak  parent  suggests  the' 
presence  of  the  two  minor  factors  of  the  Pentad  X  Nodak  cross  or 
additional  modifying  factors. 

The  standard  deviations  for  rust  reaction  of  each  strain  and  parental 
row  were  also  calculated  for  this  cross  and  are  shown  in  table  11. 
Ninety  of  the  ninety-nine  hybrid  strains  had  a  higher  standard  devia- 
tion than  Nodak,  and  fifty-two  had  a  higher  standard  deviation  than* 
Akrona.  The  susceptible  parent  again  had  a  higher  standard  devia-i 
tion  than  the  resistant  parent,  and  for  this  reason  the  method 
explained  in  the  Pentad  X  Akrona  cross  was  used  to  lay  off  arbitrarily) 
the  maximum  standard  deviation  in  the  hybrids  consistent  with' 
homozygosity.  On  this  basis,  30 }2  strains,  or  30.8  percent,  were- 
comparatively  homozygous  for  stem-rust  reaction.  Probably  these 
strains, include  a  few  near  the  border  line  that  are  not  entirely  homo- 
zygous. If  a  single  factor  for  rust  reaction  were  present,  50  percent  of 
the  strains  should  have  been  as  homozygous  as  the  parents.  There- 
fore, if  the  standard  deviations  are  a  fair  indication  of  the  hetero- 
zygosity of  the  strains,  at  least  two  genetic  factors  are  necessary  to 
explain  the  inheritance  of  rust  reaction. 

Table  11. — Relation  between  average  stem-rust  infection  and  standard  deviation  of 
parent  checkrows  and  99  F3  strains  of  Nodak  X  Akrona  grown  at  Langdon,  N.Dak., 
1930^ 


Parent  or  cross  and  percentage 

Rows  having  indicated  standard  deviation 

Aver- 
age 

Total 
num- 
ber of 
rows 

Aver- 
age per- 

stem  rust 

3.5 

4.= 

5.5 

6.5 

7.5 

8.5 

9.5 

10.6 

11.3 

12.5 

13.5 

centaG^e 
of  rust 

Nodak: 

2 
1 

1 
8 
2 

5 

4 

1 

10 

2 

15 

Total 

2 

6 

3 

4.6 

11 

»10  7 

" 

Hybrids: 
5 

.... 

\ 

10                                               • 

> 

5.5 
6.0 
6.3 
8.0 
8.4 
8.8 
8.7 
8.7 
9.1 
8.4 
7.4 
7.2 
6.6 

1 
2 
4 
2 
8 
18 
17 
16 
11 
7 
7 
3 
3 

i6:::::::::::::::::::::::::::::r 

1 

20 

'"•"• 

1 

25 

1 

1 
5 
3 
2 
3 
1 

30 

I 

2 
4 
3 

2 
3 

2 

35 

2 

1 
..... 

2 
I 

1 

1 
1 

40 

.... 

45 

3 
.... 

50 

A 

1 

.... 



65 

1 
2 

60 

65 

1 

"T 

1 

1 

V 

70 

> 

..... 

Total 

7 

15 

23 

18 

16 

10 

6 

1 

2 

8.3 

99 

42.35 

Akrona- 

4 
6 

4 
1 

45 

2 
2 

2 

1 
2 

1 
3 

60 

' 

"""" 

.... 

65 

" 

60 

' 

' 

.... 

'^~' 

"^ 

Total 

5 

6 

4 

6.4 

15 

*60  7 

See  footnote  1,  table  4,  for  explanation  of  rules  around  figures. 


Calculated  from  actual  values. 
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The  average  standard  deviation  for  groups  of  strains  in  the  respec- 
tive rust  classes  increases  in  value  with  the  heavier  infections  until 
the  classes  are  reached  containing  the  Akrona  parents,  when  it 
decreases.  In  this  cross  very  few  intermediate  strains  appear  homo- 
zygous. This  indicates  that  more  genetic  factors  are  involved  than 
in  the  Pentad  X  Akrona  cross.  That  susceptibility  to  rust  is  partly 
dominant  is  further  indicated  by  the  number  of  the  heterozygous 
strains  that  average  as  high  as  Akrona. 

The  results  of  the  studies  on  the  Nodak  X  Akrona  cross  for  stem-rust 
reaction  may  be  summarized  as  follows:  The  reaction  of  the  r2  plants 
was  only  a  fair  indication  of  the  breeding  behavior  of  the  F3  strains; 
susceptibility  was  partly  dominant  to  resistance ;  evidence  of  transgres- 
sive  segregation  was  more  pronounced  than  in  the  Pentad  X  Nodak 
cross,  as  already  discussed;  the  proportion  of  homozygous  strains,  as 
measured  by  the  standard  deviations,  indicates  that  the  parents  may 
differ  by  two  major  genetic  factors.  The  difficulty  of  recovering 
strains  resembling  the  resistant  parent,  and  the  fewer  homozygous 
intermediate  strains,  suggest  the  presence  of  the  two  minor  factors  of 
the  Pentad  X  Nodak  cross  or  additional  modifying  factors. 


SUMMARY   OF  THE  THREE  CROSSpS 

The  results  of  the  studies  of  stem-rust  reaction  in  the  three  crosses 
are  summarized  in  table  12  and  are  shown  graphically  in  figure  2. 
The  data  show  that  rust  reaction  was  inherited  in  a  quantitative 
manner  and  that  no  rust-free  or  immune  plants  were  obtained.  The 
strong  resistance  of  Pentad  was  not  inherited  as  a  dominant  character, 
as  was  the  near  immunity  of  Hope.  The  different  degrees  of  resistance 
of  both  the  Pentad  and  Nodak  parents  were  inherited  as  recessive 
characters  in  crosses  with  the  susceptible  Akrona.  The  resistance  of 
the  parents  was  recovered  in  the  hybrids,  although  more  resistance 
than  that  of  the  resistant  parent  was  not  obtained. 


Table  12. — Summary  of  stem-rust  infection  of  parents  and  the  corrected  F2/ 
distribution  of  3  wheat  crosses,  at  Langdon,  N.Dak.,  1930 

requency 

Percentage  of  plants  of  parent  or  cross 

Percentage  of  stem  rust 

Pentad 

Nodak 

Akrona 

Pentad  X 
Nodak 

Pentad  X 
Akrona 

Nodak  X 
Akrona 

5 

71.4 
28.6 

9.1 
72.7 
18.2 

29.5 
55.1 
12.0 

10 

1.4 
7.0 

0.9 

15 

1.9 

Total  

96.6 

8.4 

2.8 

20 -. 

2.8 
.6 

14.6 
17.2 
22.8 
10.8 
10.0 

4.0 

25                                                       -     

2.2 

30 

8.1 

35                 

18.6 

40 

18.1 

Total - 

3.4 

75.4 

51.0 

45 

26.7 
40.0 
26.7 
6.6 

7.1 
4.6 
4.5 

15.2 

50. 

10.8 

65 

7.0 

60 

7.0 

Total 

16.2 

40.0 

65 --. 

2.2 

70 

4.0 

Total 

6.2 

Average .  

7.0 

10.7 

50.7 

9.5 

31.7 

42.4 

STEM-RUST  REACTION   IN   DURUM-WHEAT   CROSSES 
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A  somewhat  intermediate  inheritance  was  shown  in  the  Pentad  X 
Nodak  cross  between  strong  and  weak  resistance,  although  the  average 
more  nearly  approached  that  of  Nodak,  the  weakly  resistant  parent. 
There  was  evidence  of  transgressive  segregation  for  a  greater  infection. 
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Figure  2.— Frequency  distribution  of  the  corrected  F2  of  three  wheat  crosses  and  the  parents,  together 
with  their  average  infection,  at  Langdon,  N.Dak.,  1930. 

Pentad  and*  Nodak  appear  to  differ  by  at  least  two  minor  genetic 
factors,  each  variety  apparently  carrying  a  single  dominant  factor  for 
infection  which  differs  in  amount  of  effect,  in  accordance  with  the 
difference  between  the  parents. 
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The  Pentad  X  Akrona  cross  revealed  that  susceptibility  was  incom- 
pletely or  partly  dominant  and  that  the  parents  appeared  to  differ  by 
at  least  two  major  factors,  Akrona  carrying  both  dominant  sus- 
ceptible factors. 

The  Nodak  X  Akrona  cross  more  strongly  revealed  susceptibility 
partly  dominant  to  resistance.  Two  major  genetic  factor  differences 
are  indicated.  Transgressive  segregation  was  obtained  for  a  greater 
infection  and  was  more  pronounced  than  in  the  Pentad  X  Nodak  cross. 
This,  together  with  the  difficulty  of  recovering  the  weak  resistance  of 
the  Nodak  parent  and  the  fewer  number  of  intermediate  homozygous 
hybrid  strains  than  in  the  Pentad  X  Akrona. cross,  suggests  the  pres- 
ence of  the  two  minor  factors  of  the  Pentad  X  Nodak  cross  or  additional 
modifying  factors. 

Any  genetic  interpretation  of  the  results  for  the  three  crosses  must 
be  based  upon  the  assumption  that  susceptibility  is  partly  dominant 
and  that  several  genetic  factors  are  involved.  The  factors  may  all 
differ  in  amount  of  effect.  Two  minor  factors  appear  to  account  for 
inherent  differences  between  the  strong  resistance  of  Pentad  and  the 
weak  resistance  of  Nodak.  Two  major  factors  appear  to  separate  the 
susceptible  Akrona  from  the  resistant  Pentad.  At  least  2  major 
and  possibly  2  minor  factors  appear  to  separate  the  Nodak  and 
Akrona  parents.  It  is  recognized  that  these  are  not  factors  for  rust, 
as  such,  but  rather  are  factors  controlling  morphologic  or  physiologic 
responses  of  the  plant,  the  expression  of  which  appears  as  rust 
infection. 

OTHER  CHARACTERS 

Inasmuch  as  segregation  of  the  hybrids  for  quantitative  characters 
other  than  stem-rust  reaction  did  not  furnish  data  which  could  be  in- 
terpreted to  show  their  method  of  inheritance,  this  discussion  will  be 
limited  to  a  summary  of  the  average  results.  The  number  of  plants 
studied,  the  mean,  and  the  standard  deviation  for  each  of  the  charac- 
ters of  the  F3  hybrids  and  the  parents,  so  far  as  they  are  available,  are 
presented  in  table  13. 

Inheritance  of  reaction  to  stem  rust  has  been  discussed,  but  before 
proceeding  with  the  other  characters  it  is  important  to  note  the  aver- 
age values  for  rust  infection  that  have  a  bearing  on  the  differences  in 
other  character  means.  Pentad  is  strongly  resistant,  averaging  7.1 
percent  of  rust  infection,  while  Nodak  is  weakly  resistant,  averaging 
10.8  percent.  Akrona  is  susceptible,  averaging  50.7  percent  infection. 
The  hybrids  in  each  case  carry  an  average  stem-rust  infection  some- 
what intermediate  between  the  parents.  The  Nodak  X  Akrona 
cross  was  significantly  more  susceptible  than  the  Pentad  X  Akrona 
cross.  It  also  is  shown  that  the  variability,  as  measured  by  the 
standard  deviation,  was  high  as  compared  with  that  of  the  parents  in 
crosses  with  Akrona,  while  but  little  more  variability  was  shown  by 
the  cross  between  Pentad  and  Nodak  than  by  the  parents -in  segrega- 
tion for  rust  reaction. 
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Table  13. — Number,  mean,  and  standard  deviation  of  row-mean  distributions  for 
the  characters  studied  on  Fz  strains  and  parents  of  the  triangle  crosses  with  Pentad, 
Kodak,  and  Akrona  durum  wheats  at  Langdon,  N.Dak.,  1930 


Pentad  X 
Nodak 

Pentad  X 
Akrona 

Nodak  X 
Aiorona 

Pentad 

Nodak 

Akrona 

Characters 

1 

i 

;^ 

•o  a 

1| 

cots 

1 

B 

s 

M 

1 

a 

Z 

1 

■0  a 
11 

S 

11 
II 

1 

II 

1 

i 
1^ 

11 

T3-S 

GQ-O 

90 
"99 

150 
'156 
"72 
'144 
'142 
'156 
"156 
'150 
'156 
'149 

99 
"99 

14 
"12 

11 
"ii 

""8 

"ii 
"ii 
"ii 
11 
"ii 
"ii 
"ii 

15 
"i5 

Percent 

Plant  yield 

9.6 

3.9 

31.7 

11.1 

42.4 

12.2 

7.1 

1.7 

10.8 

2.1 

60.7 

4.0 

Grams 

4.6 

.5 

3.7 

.7 

2.4 

1.0 

4.4 

.7 

3.7 

.7 

2.4 

.7 

Test  weight 

88 
"99 
"99 
"99 
"99 
"99 
"98 
"99 

Pounds  per  bushel.. 
P|nmpn*«s 

58.6 

.8 

58.3 

1.1 

"71 
"71 
"99 
"99 
"99 
"97 
"96 

.... 

.... 

58.8 

.4 

57.8 

.7 

"is 
"il 
"is 
"is 
"is 

.... 

.... 

Percent 

Kernel  weight 

80.3 

3.2 

77.9 

7.4 

72.3 

7.1 

85.4 

2.3 

80.5 

1.5 

61.9 

7.5 

Grams 

Heading 

35.6 

1.3 

36.5 

2.8 

30.9 

3.9 

36.7 

1.2 

32.5 

1.8 

28.9 

7.2 

Date  (July) 

Ripening 

17.5 

1.1 

15.9 

1.1 

18.3 

1.8 

17.1 

.6 

17.8 

1.0 

16.1 

1.2 

Date  (August) 

Fruiting  period 

25.8 

.5 

20.4 

1.2 

23.6 

1.3 

23.0 

2.2 

25.1 

1.4 

20.6 

1.5 

Days - 

Gasoline  color 

39.3 

1.0 

35.5 

1.4 

36.3 

1.7 

36.9 

1.8 

38.3 

1.5 

35.4 

1.2 

Value 

Protein 

.6 

.1 

1.3 

.3 

.4 

.2 

.7 

.2 

.6 

.1 

1.8 

.2 

Percent 

14.8 

.4 

14.1 

.7 

14.6 

.9 

15.0 

.4 

14.7 

.6 

13.7 

5 

The  average  yields  per  plant  were  in  inverse  relation  to  the  stem- 
rust  infections.  Pentad  was  the  highest  yielding  parent,  averaging 
4.4  g  per  plant,  Nodak  averaged  3.7  g  per  plant,  and  Akrona  averaged 
2.4  g.  Pentad  X  Nodak,  the  most  resistant  cross,  yielded  4.5  g  per 
plant,  the  Pentad  X  Akrona  cross  yielded  3.7  g,  and  Nodak  X 
Akrona,  the  most  susceptible  cross,  yielded  2.4  g  per  plant.  The 
yields  of  Pentad  X  Nodak  cross  were  the  least  variable,  while  those 
of  Nodak  X  Akrona  were  the  most  variable,  which  might  be  expected 
from  the  respective  effects  of  rust  in  the  three  crosses.  The  standard 
deviations  of  the  parents  were  alike  within  the  limits  of  random 
errors. 

The  results  for  test  weight  per  bushel  are  incomplete  because  of 
inability  to  obtain  weights  on  the  Akrona  parent,  the  Nodak  X 
Akrona  strains,  and  on  some  of  the  Pentad  X  Akrona  strains.  The 
Pentad  parent  averaged  58.8  pounds  per  bushel,  which  is  significantly 
higher  than  that  of  Nodak,  averaging  57.8  pounds. 

Pentad  had  the  plumpest  kernels,  averaging  85.4  percent,  while 
those  of  Nodak  averaged  80.5  and  those  of  Akrona  averaged  61.9 
percent.  Akrona  was  much  more  variable  in  plumpness  than  either 
Pentad  or  Nodak,  and  this  variability  probably  is  the  result  of  the 
more  variable  rust  infection  of  Akrona. 

The  mean  and  the  standard  deviation  for  the  hybrids  were  also  in 
inverse  relation  to  the  average  rust  infections.  The  Akrona  rows 
also  were  high  in  variability  of  mean  kernel  weight,  which  is  another 
measure  of  plumpness.  The  parents  varied  inversely  for  kernel 
weight  in  relation  to  stem  rust,  as  would  be  expected.  Thus  Pentad 
averaged  36.7  g  per  1,000  kernels,  Nodak  32.5,  and  Akrona  28.9. 
Size  and  specific  density  of  kernel,  as  well  as  the  shriveling  caused  by 
rust,  enter  into  this  character.  The  hybrids  were  intermediate  be- 
tween the  parents  in  this  respect,  but  the  average  weight  of  the 
kernels  of  Pentad  X  Akrona  was  nearly  as  much  as  that  of  the  kernels 
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of  Pentad.  Many  of  the  Pentad  X  Akrona  strains  had  heavier 
kernels  than  those  of  Pentad. 

Akrona  was  earlier  in  heading  and  ripening  and  shorter  in  fruiting 
period  than  either  of  the  other  parents.  The  two  crosses  of  Pentad 
and  Nodak  with  Akrona  were  significantly  shorter  in  fruiting  period 
than  the  Pentad  X  Nodak  cross.  Correlations  discussed  later 
indicated  that  this  was  not  caused  by  their  greater  susceptibility  to 
stem  rust. 

In  gasoline  color  value,  Pentad  and  Nodak  were  very  low,  while 
Akrona  was  high.  Nodak  has  generally  been  thought  to  carry  more 
yellow  color  than  Pentad,  but  the  results  here  reported  show  Pentad 
to  be  slightly  higher  in  color  value,  the  difference  being  barely  sig- 
nificant. Moreover,  this  difference  in  the  parents  was  borne  out  by 
a  comparison  of  the  average  gasoline  color  values  for  the  hybrids  of 
Pentad  and  Nodak  with  Akrona.  The  Pentad  X  Akrona  strains 
averaged  significantly  higher  than  the  Nodak  X  Akrona  strains,  and 
the  Pentad  X  Nodak  material,  of  course,  was  very  low  in  color  value. 
The  distribution  of  the  hybrid  strains  in  comparison  with  that  of  the 
parents  showed  a  tendency  for  low  content  of  carotin  to  be  dominant. 

Of  the  parents,  Pentad  was  the  highest  in  protein  content,  aver- 
aging 15  percent;  Nodak  averaged  14.7  and  Akrona  13.7  percent. 
In  each  case  the  average  for  the  hybrids  was  intermediate  between 
that  of  the  parents.  The  Nodak  X  Akrona  strains  averaged  sig- 
nificantly higher  than  the  Pentad  X  Akrona  strains,  in  spite  of  the 
fact  that  the  Pentad  parent  was  significantly  higher  in  protein  than 
Nodak.  Because  of  the  complex  nature  of  these  characters,  it  was 
not  possible  to  draw  more  specific  conclusions  as  to  the  nature  of  their 
inheritance,  but  this  summary  of  the  results  should  be  important  in 
suggesting  how  and  to  what  extent  these  characters  are  inherited. 

CORRELATION  OF  CHARACTERS 

Correlation  coefficients  were  calculated  for  the  possible  pairs  of 
characters  studied  by  using  the  mean  character  values  for  each  F3 
strain  and  the  F2  plant  reaction  in  the  case  of  stem  rust.  These 
coefficients  are  shown  in  table  14.  Certain  partial  correlations  also 
were  determined  and  are  mentioned  in  the  text  wherever  they  throw 
further  light  on  the  relations. 

Table  14. — Simple  correlations  of  characters  in  the  triangle  crosses  with  Pentad, 
Nodak,  and  Akrona  durum  wheats  at  Langdon,  N.Dak.,  1930 


With  average  stem  rust  per  F3  strain  1 

Characters  correlated 

Pentad  X  Nodak 

Pentad  X  Akrona 

Nodak  X  Akrona 

Num- 
ber 

r            P.E.r 

Num- 
ber 

r            P.E.r 

Num- 
ber 

r            P.E.r 

Average  stem  rust  of  F3  strains: 

Rust  per  F2  plant . - 

99 
99 

88 

+0. 606±0. 050 

-  .085±  .067 

-  .209±  .069 

150 
150 
72 
144 
142 
150 
150 
150 
150 
149 

-f  0. 668±0. 030 

-  .  332±  .  049 

-  .430±  .065 

-  .  502±  .  042 

-  .494±  .043 
-f  .  122dr  .  054 

-  .014±  .055 

-  .  126±  .  054 
+  .082±  .054 

-  .  364±  .  048 

99 
99 

-f0.472db0.053 

Average  yield  per  F3  plant 

Test  weight  of  Fs  strain 

-  .625±  .041 

Plumpness,  percent 

71 
71 
99 
99 
99 
97 
96 

-  .505db  .060 

Weight  per  1,000  kernels 

Heading  date  per  strain 

99 
99 

-  .  147±  .  066 
+  .  147±  .  066 

-  .757±  .046 
-f  .081±  .067 

Ripening  date  of  strain 

-  .151±  .066 

Fruiting  period 

99 
98 
99 

+  .075±  .067 

-  .002±  .068 

-  .278±  .063 

-  .  168+  .  066 

-f-  .  170±  .  067 

Protein  content,  percent 

-  .277±  .064 

1  The  statistically  significant  values  are  shown  in  boldface  type. 
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Table  14. — Simple  correlations  of  characters  in  the  triangle  crosses  with  Pentad, 
Nodak,  and  Akrona  durum  wheats  at  Langdon,  N.Dak.,  1930 — Continued 


With  average 

stem  rust  per  Fj  strain 

Characters  correlated 

Pentad  X  Nodak 

Pentad  X  Akrona 

Nodak  X  Akrona 

Num- 
ber 

r 

P.E.r 

Num- 
ber 

r 

P.E.r 

Num- 
ber 

r 

P.E.r 

Average  yield  per  Fi  plant: 
Test  weight  of  strain 

88 

+0. 095±0. 071 

72 
144 
142 
160 
150 
150 
150 
149 

72 
72 
72 
72 
72 
72 
71 

142 
144 
144 
144 
144 
143 

142 
142 
142 
142 
141 

150 
150 
149 

150 
149 

150 
149 

149 

+0. 232±0. 075 
+  .462±  .045 
+  .462±  .045 

-  .241±  .052 
+  .232±  .053 
+  .394±  .046 
+  .031±  .055 
-f  .011±  .055 

+  .'627±  .048 
+  ^88±  .062 

-  .261=fc  .074 
+  .226±  .075 
+  .388±  .067 

-  .  199±  .  076 
+  .026±  .080 

+  .e36±  .034 

-  .093±  .056 
+  .124±  .055 
-f  .  108±  .  055 

-  .019±  .056 
+  .  082±  .  056 

-  .236±  .053 
+  .  159±  .  055 
+  .378±  .049 
+  .OlOzb  .057 
+  .  184±  .  055 

+  .319±  .060 
+  .008±  .055 

-  .238±  .052 

-  .183±  .053 

-  .247±  .052 

-  .206±  .053 

-  .022±  .055 

-  .156db  .054 

Plumpness,  percent 

71 
71 
99 
99 
97 
97 
96 

+0 

+ 

4- 
+ 

-f 

.  6453^0. 047 

Weight  per  1,000  kernels 

Heading  date 

99 
99 

+ 

.295± 
.328± 

.062 
.061 

.334±  .071 
.29S:b  .062 

Ripening  date 

.299db  .062 

Fruiting  period 

99 
98 
99 

+ 
+ 

.337± 
.070± 
.210± 

.060 
.068 
.065 

.505±  .067 

Gasoline  color  value- 

.  155±  .  067 

Protein  content,  percent 

Test  weight  per  bushel: 

.032±  .069 

Weight  perl.OOO  kernels 

Heading  date 

88 

88 
88 
88 
87 
88 

+ 

.087± 

.178± 

.071 
.070 

Ripening  date 

Fruiting  period- 

+ 
+ 

+ 

.104± 
.000± 
.172± 

.071 
.072 
.070 

Gasoline  color  value 

Protein  content,  percent 

Plumpness  of  kernel: 

Weight  i)er  1,000  kernels 

71 
71 
71 
71 
71 
71 

71 
71 
71 
71 
71 

99 
97 
96 

97 
96 

97 
96 

96 

+ 

+ 
+ 

+ 
+ 

+ 

-f 

4- 
+ 

_ 

+ 

.758db  .034 

Heading  date 

.  138±  .  078 

Ripening  date    . 

.259±  .075 

Fruiting  period 

.323±  .072 

Gasoline  color  value 

.161±  .078 

Protein  content,  percent 

.021±  .080 

Weight  per  1,000  kernels: 

Heading  date .• 

99 
99 
99 
98 
99 

- 

.216± 

.065 

.086±  .079 

.091db  .079 

Fruiting  period 

+ 

+ 

.276± 
.095± 
.236± 

.063 
.068 
.064 

.  141±  .  078 

Gasoline  color  value 

.134±  .078 

Protein  content,  percent.. 

Date  of  heading: 

Date  of  ripening 

.175it  .078 
.328±  .061 

Gasoline  color  value 

98 
99 

+ 

.237db 
.124± 

.064 
.067 

.064±  .068 

Protein  content,  percent 

Date  of  ripening: 

.229±  .065 
.025d=  .068 

Protein  content,  percent 

.042±  .068 

Fruiting  period: 

Gasoline  color  value .. 

98 
99 

98 

-f 

.291± 

.H2± 

.006=h 

.062 
.066 

.068 

.  138±  .  067 

Protein  content,  percent 

Gasoline  color  value: 

Protein  content,  percent 

.272±  .064 
.261±  .064 

STEM-RUST  REACTION  AND  OTHER  CHARACTERS 

As  previously  noted,  the  coefficients  for  the  stem-rust  reaction  in 
F2  and  those  in  F3  for  the  strains  of  Pentad  X  Nodak  were  +  0.506  ± 
0.050;  for  those  of  Pentad  X  Akrona,  +0.668  ±0.030;  and  for  those 
of  Nodak  X  Akrona,  +0.472  ±0.053. 

As  would  be  expected,  the  relation  of  yield  to  rust  depends  upon 
the  susceptibility  of  the  hybrids.  Thus,  an  insignificant  coeffi- 
cient, —  0.085  +  0.067,  was  obtained  for  the  Pentad  X  Nodak  strains, 
whereas  those  for  the  Pentad  x  Akrona  strains  and  the  Nodak  X 
Akrona  strains  were  -0.332  +  0.049  and  -0.625  +  0.041,  respec- 
tively. These  coefficients  were  not  affected  significantly  by  elimi- 
nating by  means  of  partial  correlation  coefficients  the  effect  of  the 
fruiting  period,  the  most  important  other  factor  studied  in  relation 
to  yield. 

Rust  also  reduced  the  test  weight,  as  evidenced  by  the  correlation 
coefficients  of  -0.209  +  0.069  for  the  Pentad  X  Nodak  strains  and 
-0.430  +  0.065  for  the  Pentad  X  Akrona  strains.  Most  of  the 
Nodak  X  Akrona  strains  w^ere  so  injured  by  rust  that  they  did  not 
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produce  sufficient  grain  for  test-weight  determinations,  but  the 
coefficient,  if  available,  would  no  doubt  have  been  high  and  negative. 

Because  of  the  small  range  in  plumpness  of  strains  of  Pentad  x 
Nodak,  correlation  coefficients  with  plumpness  were  not  warranted 
nor  significant.  That  rust  decreased  the  plumpness  of  kernel  is 
indicated  by  the  negative  correlation  coefficients,  —0.502  ±0.042  for 
the  Pentad  X  Akrona  strains  and  —0.505  ±0.060  for  the  Nodak  X 
Akrona  strains. 

Weight  of  kernel  was  another  character  severely  affected  by 
stem  rust.  The  coefficients  are  —0.147  ±0.066  for  the  Pentad  X 
Nodak  strains,  —0.494  ±0.043  for  the  Pentad  X  Akrona  strains,  and 

—  0.757  ±0.046  for  the  Nodak  X  Akrona  strains,  being  in  each  case 
slightly  higher  than  the  corresponding  coefficients  for  yield. 

The  more  susceptible  strains  also  tended  to  be  lower  in  protein 
content,  the  coefficients  being  —0.278  ±0.063  for  the  Pentad  X  No- 
dak cross,    —0.364  ±0.048   for  the  Pentad  X  Akrona  hybrids,   and 

—  0.277  ±0.064  for  the  Nodak  X  Akrona  progenies.  This  relation 
between  protein  content  and  rust  infection  may  appear  contradic- 
tory to  the  generally  accepted  idea  that  shriveled  grain  is  higher  in 
protein  content  than  plump  grain.  ShoUenberger  and  Kyle  (11) 
found,  however,  that  the  relation  between  protein  and  test  weight  is 
curvilinear.  They  found  that  in  samples  weighing  more  than  53 
pounds  a  bushel  the  correlation  between  test  weight  and  protein  was 
negative,  while  in  samples  weighing  less  than  53  pounds  a  bushel  the 
correlation  was  positive.  They  observed  that  test  weights  under  53 
pounds  were  rarely  found  except  under  conditions  of  severe  rust, 
and  concluded  that  rust  was  responsible  for  the  lowering  of  protein 
in  those  cases.  The  lowering  of  test  weights  to  about  the  53-pound 
level  was  attributed  to  lack  of  moisture,  which  arrests  growth  and 
shortens  the  fruiting  period.  It  would  appear  in  the  Pentad  X  Akrona 
cross  that  rust  rather  than  moisture  was  the  limiting  factor,  and  hence 
the  negative  correlation  between  rust  and  protein  agrees  with  the 
results  cited.  Possibly  nitrogenous  compounds,  either  intended  for 
the  kernel  or  already  stored  in  it,  are  appropriated  as  food  by  the  rust 
fungus  before  they  have  been  transformed  into  the  final  stage  of 
protein  in  the  kernel. 

Heading  and  ripening  dates,  fruiting  period,  and  gasoline  color 
values  were  not  consistently  related  to  rust  reaction. 

YIELD  AND  OTHER  CHARACTERS 

The  average  yield  per  F3  plant  and  test  weight  per  bushel  were  not 
closely  related  in  the  Pentad  X  Nodak  strains,  but  in  the  Pentad  X 
Akrona  strains  the  correlation  coefficient  was  +0.232  ±0.075.  A 
partial  coefficient  eliminating  the  effects  of  rust  and  fruiting  period 
reduced  the  value  to  —0.029  ±0.079.  This  indicates  that  the  rela- 
tion between  yield  and  test  weight  was  due  to  the  dependency  of 
both  characters  on  rust  infection  and  fruiting  period,  chiefly  the 
former. 

Yield  and  plumpness  were  rather  closely  associated.  Thus  in  the 
Pentad  X  Akrona  strains  the  correlation  coefficient  was  +  0.452  ± 
0.045,  and  in  the  Nodak  X  Akrona  strains  it  was  +0.643  ±0.047. 
The  values  were  somewhat  reduced  by  eliminating  the  effect  of  rust, 
but  they  were  not  significantly  changed  by  holding  constant  the  effect 
of  fruiting  period.     The  magnitude  of  the  net  correlations  suggests 
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that  plumpness  may  be  considered  a  fairly  reliable  index  of  the  prob- 
able yielding  ability  of  any  durum-wheat  strain  regardless  of  variations 
in  rust  reaction  or  in  length  of  fruiting  period. 

As  woidd  be  expected  from  the  previous  observations,  the  yield  per 
plant  also  was  positively  correlated  with  kernel  weight.  Partial 
correlation  coefficients  indicated  that  stem  rust  and  fruiting  period 
played  somewhat  greater  parts  in  this  relation  than  in  the  relation 
between  yield  and  plumpness,  but  nevertheless  it  seemed  that  kernel 
weight  might  be  an  important  index  to  the  probable  yielding  ability 
of  new  strains. 

Yield  was  negatively  associated  with  date  of  heading.  The  earlier 
a  strain  headed,  the  higher  it  tended  to  yield:  In  each  case  the 
partial  correlation,  holding  constant  the  effect  of  ripening,  gave  a 
value  higher  than  that  of  the  simple  correlations. 

Date  of  ripening  was  positively  correlated  with  yield,  the  later 
ripening  strains  tending  to  be  the  higher  yielding.  These  values  were 
greater  when  the  effect  of  date  of  heading  was  eliminated,  suggesting 
that  fruiting  period  and  yield  are  positively  correlated. 

This  suggestion  is  borne  out  by  the  correlations  between  yield  and 
length  of  fruiting  period,  the  values  being  +0.337  ±0.060  for  the 
Pentad  XNodak  strains,  +0.394  ±0.046  for  the  Pentad  X  Akrona 
strains,  and  +0.505  +  0.067  for  the  NodakX  Akrona  strains.  These 
values  are  greater  than  the  partial  coefficients  mentioned  above. 
Holding  rust  constant  did  not  significantly  change  the  relation  between 
yield  and  fruiting  period. 

The  coefficients  for  yield  and  gasoline  color  value  and  for  yield 
and  crude  protein  in  most  cases  were  not  significant  and  in  all  cases 
were  not  important. 

TEST  WEIGHT  AND  OTHER  CHARACTERS 

The  relations  of  test  weight  to  yield  and  rust  have  been  discussed. 
In  only  one  of  the  crosses,  namely.  Pentad  X  Akrona,  were  the  data 
such  as  to  permit  the  calculation  of  the  correlation  coefficients  for 
test  weight  and  plumpness.  This  value  is  +0.627  ±0.048.  Holding 
rust  constant  reduced  the  value  somewhat,  but  holding  constant  the 
length  of  fruiting  period  had  no  effect. 

The  coefficient  for  test  weight  and  weight  of  kernels  was  not  sig- 
nificant in  the  Pentad  xNodak  cross,  but  in  the  Pentad  X  Akrona 
cross  the  value  is  +0.468  +  0.062,  which  was  only  partly  lessened  by 
eliminating  the  effects  of  rust  and  length  of  the  fruiting  period. 

Test  weight  gave  indications  of  being  related  to  heading,  ripening, 
and  length  of  fruiting  period  in  the  same  manner  as  was  yield,  but 
lack  of  parental  differences  in  test  weight  in  the  Pentad  xNodak 
cross,  and  lack  of  any  test-weight  data  on  the  Nodak  X  Akrona  cross 
prevents  the  drawing  of  a  clearer  picture  of  these  relations.  In  the 
Pentad  X  Akrona  hybrids,  test  weight  was  correlated  with  heading 
date  to  the  extent  of  —0.251  ±0.074  and  with  ripening  date  to  the 
extent  of  +0.226  +  0.075.  Each  of  these  values  was  increased  by 
holding  constant  ripening  date  and  heading  date,  respectively,  but 
not  enough  to  equal  the  coefficient  for  test  weight  and  length  of 
fruiting  period,  which  is  +0.388  +  0.067.  This  latter  relation  held 
with  the  effect  of  rust  eliminated. 

Test  weight  was  not  significantly  related  to  gasoline  color  value 
nor  to  protein. 


24        TECHNICAL  BULLETIN    385,  U.S.  DEPT.  OF   AGRICULTURE 
PLUMPNESS  AND  OTHER  CHARACTERS 

The  correlation  coefficient  between  plumpness  of  kernel  and  weight 
per  1,000  kernels  was  high,  the  simple  coefficients  being  +  0.635  ±  0.034 
for  Pentad  X  Akrona  and  +0.756  ±0.034  for  NodakX  Akrona.  It 
may  be  concluded  that  the  estimates  of  plumpness  were  fairly  accu- 
rate, since  a  perfect  correlation  between  plumpness  and  kernel  weight 
would  not  be  expected  because  some  portion  of  the  variability  in 
kernel  weight  must  be  attributed  to  variations  in  size  and  shape  of 
kernel.  This  is  especially  true  in  the  Pentad  X  Akrona  cross  in  which 
the  parents  differ  markedly  in  these  respects. 

The  relation  of  plumpness  to  dates  of  heading  and  ripening  and  to 
length  of  fruiting  period  is  not  definite,  and  plumpness  of  kernel  was 
not  significantly  correlated  with  gasoline  color  value  or  protein 
content. 

WEIGHT  OF  KERNELS  AND  OTHER  CHARACTERS 

There  appears  to  be  a  tendency  for  the  early-heading  strains  to  be 
higher  in  kernel  weight,  as  determined  by  weight  per  1,000  kernels. 

No  significant  values  were  obtained  for  the  relation  between  weight 
of  kernel  and  date  of  ripening,  but  the  coefficients  for  kernel  weight 
and  fruiting  period  were  +0.275  ±0.063  for  the  Pentad  XNodak 
cross  and  +0.378  +  0.049  for  the  Pentad  X  Akrona  cross. 

The  apparently  inconsistent  values  for  the  correlation  between 
kernel  weight  and  protein  may  be  explained  by  dilTerences  in  the  rust 
susceptibility  of  the  hybrids.  Thus,  in  the  Pentad  XNodak  cross, 
in  which  rust  is  but  an  insignificant  factor  in  kernel  weight,  the 
negative  correlation  of  —0.236  ±  0.064  indicates  the  usual  condition — 
that  when  rust  is  not  the  main  factor  the  lighter  grain  generally 
contains  a  higher  percentage  of  protein.  The  partial  coefficient 
holding  constant  rust  infection  raised  the  value  to  —0.288  +  0.062. 
In  the  other  two  crosses  rust  is  a  more  important  factor,  however, 
and  since  it  lowers  both  kernel  weight  and  percentage  of  protein, 
these  characters  tend  to  be  positively  correlated.  The  coefficient 
for  the  Pentad  X  Akrona  strains  was  +0.184  ±0.055  and  for  the 
NodakX  Akrona  strains,  +0.175  +  0.078,  the  latter  not  being  sig- 
nificant. These  values  were  reduced  almost  to  zero  by  holding 
constant  the  rust  reaction. 

No  correlation  was  found  between  kernel  weight  and  gasoline  color 
value  in  any  of  the  three  crosses. 

DATE  OF  HEADING  AND  OTHER  CHARACTERS 

A  consistent  positive  correlation  was  found  to  exist  between  date 
of  heading  and  date  of  ripening.  This  is  in  line  with  field  observa- 
tions that  the  wheats  which  head  early  tend  also  to  ripen  early. 

Pentad  X  Nodak  was  the  only  one  of  the  three  crosses  that  showed 
a  correlation  between  date  of  heading  and  gasoline  color  value,  and 
this  is  barely  significant. 

The  relation  of  date  of  heading  to  protein  content  also  was  not  clear 
from  the  different  significant  correlations,  which  were  —0.238  +  0.052 
for  Pentad  x  Akrona  and  +  0.229  +  0.065  for  Nodak  x Akrona. 

DATE  OF  RIPENING,  GASOLINE  COLOR  VALUE,  AND  PROTEIN  CONTENT 

There  appears  to  be  some  tendency  for  the  earlier  ripening  strains 
of  the  Pentad  x  Akrona  cross  to  be  higher  both  in  gasoline  color 
value  and  in  protein  content,  but  this  was  not  true  for  the  Nodak  x 
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Akrona  cross,  any  relation  that  exists  possibly  being  obscured  by  the 
tendency  of  the  very  rusty  strains  of  this  cross  to  dry  up  and  ripen 
prematurely. 

FRUITING  PERIOD,  GASOUNE  COLOR  VALUE,  AND  PROTEIN  CONTENT 

The  negative  coefficients  for  fruiting  period  and  gasoline  color  value 
suggest  a  tendencv  for  durum  wheats  with  a  short  fruiting  period  to 
be  higher  in  gasoline  color  value  than  those  with  a  longer  fruiting 
period,  although  the  coefficients  in  all  cases  are  small  and  in  one  case 
not  significant.  This  bears  out  previous  observations  that  the  carotin 
content  is  higher  in  wheat  that  matures  quickly  in  a  hot,  dry  season 
than  in  wheat  that  ripens  more  slowly  because  of  cooler  temperatures. 

The  relation  between  fruiting  period  and  protein  content  was  not 
definite.  Only  the  Nodakx  Akrona  cross  gave  a  significant  negative 
value,  —0.272  ±0.064.  As  might  be  expected,  the  value  of  the  co- 
efficient was  increased  somewhat  by  holding  constant  the  effect  of 
rust. 

GASOUNE  COLOR  VALUE  AND  PROTEIN  CONTENT 

As  both  gasoline  color  value  and  protein  content  are  the  results  of 
many  and  diverse  factors,  there  may  be  no  marked  or  consistent  rela- 
tion between  them.  Only  in  the  Nodak  X  Akrona  strains  the  correla- 
tion, —  0.261  ±  0.064,  is  significant  and  shows  a  tendency  for  the  strains 
low  in  gasoline  color  value  to  be  higher  in  protein  content.  Such  a 
correlation  does  not  necessarily  indicate  any  definite  relationship 
between  the  two  characters  but,  rather,  is  suggestive  of  contrasting 
responses  to  any  common  causal  factors. 

SUMMARY 

Segregation  of,  and  associations  among,  the  characters  of  stem-rust 
reaction,  yield  per  plant,  test  weight  per  bushel,  kernel  plumpness, 
kernel  weight,  date  of  heading,  date  of  ripening,  length  of  fruiting 
period,  gasoline  color  value,  and  crude-protein  content  were  studied  in 
the  three  crosses  involving  Pentad,  Nodak,  and  Akrona  durum  wheats. 

Data  on  stem-rust  reaction  were  taken  in  both  F2  and  F3,  but  for 
the  other  characters  the  results  from  the  F3  strains  only  were  used. 
The  parents  exhibited  three  degrees  of  rust  reaction — Pentad  was 
strongly  resistant,  Nodak  was  weakly  resistant,  and  Akrona  was  sus- 
ceptible. Major  consideration  was  given  to  the  inheritance  of  rust 
reaction  and  its  relation  to  other  characters. 

In  all  three  crosses  reaction  to  stem  rust  was  inherited  in  a  quanti- 
tative manner.  No  rust-free  or  immune  plants  were  obtained.  The 
different  degrees  of  resistance  of  the  Pentad  and  Nodak  parents  were 
inherited  as  recessive  characters.  Susceptibility  was  incompletely  or 
only  partly  dominant  over  resistance.  The  average  infection  and 
proportion  of  heterozygous  strains,  as  measured  by  the  standard 
deviations  for  rust  infection  of  each  F3  strain  from  the  Pentad  X 
Akrona  cross,  indicated  that  the  resistant  and  susceptible  parents 
differed  in  at  least  two  major  genetic  factors.  In  the  Pentad  X 
Nodak  cross  the  parents  appeared  to  differ  by  two  complementary 
minor  factors  differing  in  amount  of  effect.  The  Nodak  x  Akrona 
cross  showed  the  most  complicated  inheritance,  although  two  major 
factor  differences  are  strongly  indicated.  There  was  a  tendency 
toward  transgressive  segregation  in  the  direction  of  susceptibility  in 
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both  the  Pentad  xNodak  and  the  Nodak  xAkrona  crosses.  This, 
together  with  the  difficulty  of  recovering  the  resistance  of  the  Nodak 
parent  and  of  the  few  homozygous  intermediate  strains,  also  suggested 
the  presence  of  the  two  minor  factors  of  the  Pentad  x  Nodak  cross 
or  additional  modifying  factors  in  the  Nodak  x  Akrona  cross.  The 
F2  plant  reaction  was  a  fairly  reliable  indication  of  breeding  behavior 
in  F3,  and  selected  F3  strains  of  Pentad  x  Akrona  tested  in  F4  proved 
homozygous  for  degrees  of  infection  intermediate  between  the  parents. 

The  segregation  of  the  other  characters  was  indicated  by  averages 
and  standard  deviations  of  the  row-mean  distributions.  In  most  cases 
the  character  means  of  the  hybrids  were  intermediate  between  those  of 
the  parents.  Occasionally  a  hybrid  exceeded  one  or  both  parents,  but 
it  was  not  determined  whether  this  was  owing  to  transgressive  segre- 
gations or  to  other  causes.  The  range  of  the  hybrid  averages  of  yield, 
test  weight,  and  plumpness  and  weight  of  kernel  tended  to  widen 
when  stem  rust  was  an  important  factor  in  the  variability.  Although 
their  manner  of  inheritance  appeared  complex  and  their  expression 
was  influenced  by  environment,  it  seems  reasonable  to  conclude  that 
all  the  characters  considered  in  this  study  are  fundamentally  heredi- 
tary and  are  transmitted  in  the  same  manner  as  are  botanical  char- 
acters. 

The  associations  among  the  characters  were  studied  by  means  of 
simple  and  partial  correlation  coefficients.  The  correlation  between 
the  reaction  to  stem  rust  of  F2  plants  and  the  behavior  of  their  proge- 
nies in  F3  was  consistently  significant  and  positive.  Negative  correla- 
tion coefficients  demonstrated  that  rust  reduced  the  yield,  test  weight, 
plumpness  and  weight  of  kernel,  and  crude-protein  content. 

Partial  correlations  showed  that  the  positive  correlation  between 
yield  per  plant  and  test  weight  per  strain  is  caused  largely  by  the 
reduction  of  both  characters  by  stem  rust. 

Partial  correlations  also  indicated  that  the  high  correlation  between 
yield  and  kernel  plumpness  was  rather  independent  of  fluctuations  in 
rust  or  in  length  of  fruiting  period.  The  positive  correlation  between 
yield  per  plant  and  weight  of  kernel  was  considerably  affected  by  the 
common  relation  of  these  characters  to  stem  rust.  Yield  was  favored 
by  early  heading  and  late  ripening,  that  is,  a  lon^  fruiting  period,  and 
these  relations  were  little  affected  by^  variations  m  stem  rust. 

The  relation  of  plumpness  and  weight  of  kernel  to  test  weight  was 
moderately  close  and  only  partly  caused  by  variations  in  rust  and  in 
length  of  fruiting  period.  As  in  the  case  of  yield,  the  strains  that 
headed  earlier  and  ripened  later,  or  that  had  longer  fruiting  periods 
tended  to  show  higher  test  weight. 

Plumpness  was  closely  correlated  with  kernel  weight.  Both  kernel 
plumpness  and  kernel  weight  tended  to  show  the  same  relations  to 
heading  and  ripening  dates  and  length  of  fruiting  period  as  did  yield 
and  test  weight. 

There  was  a  consistent  positive  correlation  between  heading  and 
ripening  dates.  This  masked  the  true  relation  of  either  to  such  char- 
acters as  yield  and  test  weight,  which  were  related  negatively  to 
heading  but  positively  to  ripening.  Shorter  fruiting  period  tended  to 
favor  higher  gasoline  color  values. 
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SCOPE  OF  THE  INVESTIGATION 

The  information  forming  the  basis  of  this  bulletin  was  obtained  in 
the  fall  and  winter  of  1929-30.  Three  areas  were  selected  for  investi- 
gation in  Iowa  and  two  in  each  of  the  other  States,  as  shown  in 
figure  1.  In  the  five  States,  records  were  obtained  from  a  total  of 
736  farms,  divided  about  equally  among  the  11  areas.  In  each  area 
the  particular  farms  to  be  surveyed  were  generally  selected  at  random, 
care  being  taken  to  obtain  records  from  approximately  equal  numbers 
of  farms  using  horses  only  and  horses  and  a  tractor.  The  data 
obtained  related  to  the  uses  of  the  different  kinds  of  power  for  various 
farming  operations  together  with  the  cost,  time  required  for  per- 
formance, and  other  items  to  show  the  relative  values  of  the  different 
kinds  of  power  in  producing  and  marketing  farm  commodities. 

181594—33  1 
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The  number  and  average  size  of  the  farms  studied  in  each  State, 
divided  according  to  kind  of  power  used,  are  shown  in  table  1.  For 
all  power  types,  with  one  exception,  the  farms  studied  in  Missouri 
were  larger  in  average  size  and  in  area  of  crop  land  than  those  in  any 
other  State,  while  the  farms  in  Michigan  averaged  smallest  in  size 
and  in  area  of  crop  land.     In  Illinois,  by  special  effort,  19  farms  using 
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Figure  1.— Areas  where  investigation  was  made  of  the  utilization  and  cost  of  power  on  Corn  Belt  farms 

1929-30. 

big-team  hitches  were  included  in  the  survey;  11  such  farms  were 
surveyed  in  Iowa,  and  4  in  Indiana. 

Table   1. — Location,  number,  and  size  of  farms  by  power  type 


Ordinary  tractor  farms 

General-purpose-t  ractor 
farms 

state 

Farms 
surveyed 

Average 
size 

Average 

crop 
acreage 

Farms 
surveyed 

Average 
size 

Average 

crop 
acreage 

Illinois: 

Area  no.  1 

Number 
27 
23 

Acres 
299 
265 

Acres 
269 
230 

Number 
6 
15 

Acres 
236 
245 

Acre-' 
219 

190 

Total  or  average 

50 

283 

251 

21 

242 

198 

Indiana: 

Area  no.  1 

22 
33 

196 

288 

156 
262 

13 

5 

188 
224 

151 

204 

Total  or  average 

55 

251 

220 

18 

198 

165 

Iowa: 

Area  no.  1  - 

16 
23 
.21 

261 
294 
204 

205 
241 
124 

5 
4 
4 

227 
278 
218 

199 

Area  no.  2 

240 

168 

Total  or  average 

60 

254 

190 

13 

240 

202 
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Table  1. — Location,  number,  and  size  of  farms  by  proper  type — Continued 


Ordinary  tractor  farm 

General-purpose-tractor 
farms 

State 

Farms 
surveyed 

Average 
size 

Average 

crop 
acreage 

Farms 
surveyed 

Average 
size 

Average  : 

crop 
acreage  - 

Michigan: 

Area  no.  1 - 

Number 
37 
31 

Acres 
162 
284 

Acres 
114 
184 

Number 
3 

Acres 
175 

Acres 
152 

Total  or  average. 

68 

218 

146 

3 

175 

162 

Missouri: 

Area  no.  1.. 

31 
16 

347 
314 

242 
198 

13 
11 

279 
369 

211 

Area  no.  2 

229. 

Total  or  average 

47 

336 

227 

24 

320 

219 

Grand  total  or  average 

280 

263 

202 

79 

253 

196' 

Ordinary  horse  farms 

Big-team-hitch  farms 

State 

Farms 
surveyed 

Average 
size 

Average 

crop 
acreage 

Farms 
surveyed 

Average 
size 

Average 

crop 
acreage 

Illinois: 

Area  no.  l... 

Number 
26 
33 

Acres 
207 
166 

Acres 
186 
129 

Number 
15 
4 

Acres 
328 

Acres 
i32 

Area  no.  2--  . 

286 

Total  or  average 

69 

184 

154 

19 

269 

243 

Indiana: 

Area  no.  1 

36 
34 

"    134 
224 

104 
203 

, 

Area  no.  2.. ... 

4 

342 

301 

Total  or  average 

70 

178 

152 

4 

342 

301  ■ 

Iowa: 

Area  no.  1 

25 
23 
30 

157 
181 
159 

U8 
146 
104 

4 

7 

311 
287 

258- 

Area  no.  2     .  .            .  .      .  . 

243 

Area  no.  3 

i 

78 

165 

121 

11 

296 

248 

Michigan: 
Area  no.  1 

28 
42 

99 
178 

74 
127 

Area  no.  2 

■  ■" 

Total  or  average 

70 

147 

106 

Missouri: 

33 
33 

246 
207 

185 
;      129 

Area  no.  2 

r 

• 

Total  or  average.    . 

66 

227 

157 

Grand  total  or  average 

343 

179 

137 

34 

286 

252 

In  this  report,  the  classification  ''big-team  hitch"  is  applied  to 
all  teams  of  4  or  more  horses  using  1  or  more  of  the  essential 
elements  of  a  big-team  or  multiple  hitch.  The  essential  elements  of 
a  big-team  hitch  are  eveners  that  equalize  the  pull,  one  pair  of  lines, 
buck  straps,  lead  chains,  and  tie  straps.  This  hitch  tends  to  elim-. 
inate  side  draft.  The  outside  animals  in  the  lead  team  are  controlled 
by  the  lines  and  the  other  animals  by  the  buck  straps,  lead  chains, 
and  tie  straps. 
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NUMBER  OF  POWER  UNITS  ON  FARMS 

The  farms  surveyed  were  divided  into  four  classes,  namely:  (1) 
Ordinary  tractor  farms,  on  which  a  conventional  noncultivating  type 
of  2-plow  or  3-plow  tractor  was  owned:  (2)  general-purpose- tractor 
farms,  on  which  a  general-purpose  or  row-crop  tractor  was  owned;  ^ 
(3)  ordinary  horse  farms,  on  which  horses  used  in  ordinary  sized 
hitches  were  the  only  traction  power  owned;  and  (4)  big-team-hitch 
farms,  on  which  horses  were  the  only  traction  power  owned.  On  all 
tractor  farms,  horses  also  were  owned  and  used.  Only  one  tractor 
was  owned  on  any  farm  included  in  the  study. 

Table  2  shows  the  number  of  power  units  on  farms  operated  with 
tractor  and  horses,  according  to  acres  in  crops,  and  table  3  shows 
the  number  of  power  units  on  farms  operated  with  horses  only 
(except  hired  power).  The  power  units  included  trucks  and  sta- 
tionary gas  engines,  listed  separately.  Only  those  gas  engines  are 
included  which  did  work  that  horses  or  tractors  could  have  done. 

Table  2.— Power  units  on  tractor  farms 
ILLINOIS 


Ordinary  tractor  farms 

General-purpose-tractor  farms 

Size  group  (crop  acres) 

Farms 
sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
gines « 

Farms 
sur- 
veyed 

Work 
.horses 

Trucks 

Gas  en- 
gines » 

Less  than  100 

Number 
1 
5 
6 
9 
6 
8 
^15 

Number 
4 
18 
31 
55 
43 
69 
141 

Number 

Number 

Number 

Number 

Number 

Number 

100  to  139                 

1 
1 
2 

■  1 

5 
5 
2 
2 

7 

18 
17 
9 
11 
45 

5 
3 

1 
1 
4 

1 

140  to  179 

180  to  219       --. 

4 

220  to  259                         .  . 

260  to  299 

i 

4 

1 

Total 

50 

361 

9 

6 

21 

100 

14 

1 

INDIANA 


Less  than  100 

3 
6 
12 
12 
9 
5 
8 

8 
29 
45 
58 
53 
35 
77 

100  to  139          

2 
1 
3 
3 

6 
8 

17 
19 

3 
2 

140  to  179 

180  to  219 

1 
2 

220  to  259                  

3 

1 

11 

8 

2 

260  to  299 

Total 

55 

305 

9 

3 

18 

55 

7 

tOWA 


Less  than  100 

6 
17 
9 
9 
6 
3 
10 

28 
75 
50 
5S 
45 
27 
105 

2 
6 

3 
5 
1 
2 
2 

2 

1 
2 
4 

5 
4 
8 
18 

1 

100  to  139 

1 

140  to  179 

180  to  219 

1 

220  to  259 

260  to  299 -  - 

2 
2 

7 
12 

1 
1 

300  and  over 

4 

1 

Total - 

60 

388 

18 

17 

13 

54 

4 

2 

•  Only  those  gas  engines  are  included  which  did  work  that  horses  could  have  done. 


»  When  this  study  was  made,  all  general-purpose  tractors  were  2-plow  tractors. 
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Table  2. — Power  units  on  tractor  farms — Continued 

MICHIGAN 


Ordinary  tractor  farms 

General-purpose-tractor  farms 

Size  group  (crop  acres) 

Farms 
sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
pines 

Farms 
sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
gines 

Less  than  100 

Number 
23 
11 
16 
9 
3 
3 
3 

Number 
65 
33 
74 
49 
16 
18 
20 

Number 
10 
7 
6 
3 
1 
1 
3 

Number 
1 

Number 

Number 

Number 

Number 

100  to  139 

2 

7 

140  to  179 

180  to  219 

220  to  259 

1 

4 

260  to  299      

300  and  over 

1 

Total-.    -. 

68 

276 

31 

2 

3 

11 

MISSOURI 


Less  than  100 

3 
9 
5 

7 
8 
7 
8 

8 
33 
25 
48 
66 
43 
81 

2 

1 
2 

1 
1 
1 

1 
4 
3 
6 
2 
3 
5 

2 
17 
13 

23 
32 

100  to  139 - 

140  to  179 

180  to  219 

220  to  259 

2(50  to  299 

1 

300  and  over - 

1 

Total  . 

47 

303 

9 

1 

24 

127 

2 

Grand  total 

280 

1.632 

76 

29 

79 

347 

25 

6 

Table  3. — Power  units  on  horse  farms 
ILLINOIS 


Ordinary  horse  farms 

Big-team-hitch  farms 

Size  group  (crop  acres) 

Farms 
sur- 
veyed 

Woik 
horses 

Trucks 

Gas  en- 
gines ' 

Farms 
sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
gines » 

Less  than  60 

Number 
1 

10 
18 
13 
8 
3 
3 
3 

Number 
4 

49 
106 
90 
78 
35 
33 
38 

Number 

Number 

Number 

Number 

Number 

Number 

60  to  99 

100  to  139 

1 
1 
1 

5 
4 
2 
2 
1 
5 

35 
30 
1& 
19 
13 
104 

140  to  179 

1 

180  to  219 ... 

1 

1 

1 

220  to  269 

260  to  299 

300andover 

1 

1 

Total 

69 

433 

1 

4 

19 

219 

1 

4 

INDIANA 


Less  than  60 .  . 

6 
16 
21 
7 
6 
4 
6 
6 

19 
61 
105 
40 
36 
33 
fil 
62 

1 

60  to  99 

2 

100  to  139 

2 
1 

140  to  179       

180  to  219 

2 

14 

220  to  259 

1 

260  to  299                  

1 
1 

10 
27 

300  and  over 

Totol 

70 

407 

4 

3 

4 

51 

-    . 

Only  those  gas  engines  are  included  which  did  work  that  horses  or  tractors  could  have  done. 
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Table  3. — Power  units  on  horse  farms — Continued 
IOWA 


Ordinary  horse  farms 

Big-team-hitch  farms 

Size  group  (crop  acres) 

Farms 

sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
gines 

Farms 

sur- 
veyed 

Work 
horses 

Trucks 

Gas  en- 
gines 

Less  than  60 -  -  . . . 

Number 
8 

22 
22 
15 
7 
3 
1 

Number 
31 
114 
131 
99 
53 
25 
8 

Number 
2 
4 

1 
2 

1 

Number 
1 
8 

7 
3 
6 

1 

Number 

Number 

Number 

Number 

60  to  99 

100  to  13d 

140  to  179  - 

2 
2 
4 
1 
2 

12 
17 
43 
8 
29 

180  to  21V 

1 

220  to  259 

1 

260  to  299  - 

1 

1 

300  and  over . 

1 

Total 

78 

461 

10 

26 

11 

109 

2 

3 

MICHIGAN 

Less  than  60 

9 
34 
10 

5 
5 

28 
128 
48 
38 
30 
33 

3 
3 
1 
3 

1 
2 

60  to  99  L 

100  to  139 

140  to  179 

"180  to  219 

220  to  259 

2 

1 

260  to  299 

300  and  dver-..   .. 

T(^tal 

70 

305 

12 

4 

MISSOURI 

Les><  than  60 

4 
13 

18 
8 

11 
3 
2 
7 

15 

75 
107 
51 
88 
25 
16 
84 

60  to  99 

1 

100  to  139 

140  to  179 

180  to  219         

220  to  259 

1 

260  to  299 

300  and  over 

1 

Total 

66 

461 

2 

1 

^rand  total. 

343 

2,067 

29 

38 

34 

379 

3 

7 

Th^  number  of  trucks  owned  in  proportion  to  number  of  all  farms 
surveyed  was  30  percent  in  Michigan,  21  percent  in  Iowa,  17  percent 
in  Illinois,  14  percent  in  Indiana,  and  8  percent  in  Missouri.  There 
w^ere  more  commercial  trucks  for  hauling  available  to  the  farmers  in 
the  Michigan  areas  than  to  those  elsewhere.  Comparatively  few 
trucks  were  owned  on  the  horse  farms,  except  in  Michigan  and  in 
one  Iowa  area.  The  greatest  proportion  of  trucks  owned  was  found 
on  the  farms  having  general-purpose  tractors  in  the  second  Illinois 
area,  kvhere  13  trucks  were  owned  on  the  15  farms. 

Foil  the  entire  number  of  farms  surveyed,  gas  engines  were  found 
on  abbut  10  percent  of  the  tractor  farms  and  on  about  12  percent  of 
the  h6rse  farms.  It  is  possible  that  some  of  the  tractor  farms  could 
have  gotten  along  without  the  gas  engines,  which  w^ere  bought  before 
the  tractor.  In  Iowa,  gas  engines  were  owned  on  a  greater  percentage 
of  all  farms  than  in  any  other  State. 


UTILIZATION  AND  COST  OF  POWER  ON  CORN  BELT  FARMS  / 

Electricity  was  being  used  for  farm  work  on  only  0  of  the  736 
farms  surveyed,  whereas  the  1930  census  shows  electric  motors  used 
for  farm  work  on  4.7  percent  of  all  farms  in  these  five  States. 

The  comparative  newness  of  the  combined  harvester-thresher  in 
the  Corn  Belt  in  1929  is  reflected  by  the  number  owned  on  the  farms 
studied.     There  were  only  five,  all  on  ordinary  tractor  farms. 

On  every  farm  from  which  records  were  obtained,  the  field  and 
crop  operations  were  performed  either  with  horses  only  or  with  horses 
and  other  forms  of  power.  Effort  was  made  to  obtain  records  from 
farms  operated  entirely  with  mechanical  power,  but,  as  far  as  could 
be  found,  every  farm  having  a  tractor  had  at  least  2  horses  or  was 
hiring  horses.  Work  stock  per  farm  averaged,  for  the  entire  region, 
6  head  on  the  ordinary  horse  farms  and  on  the  ordinary  tractor  farms, 
11  head  on  the  big-team-hitch  farms,  and  about  4  on  the  general- 
purpose-tractor  farms.  The  difference  in  average  number  of  work 
stock  on  ordinary  tractor  and  on  general-purpose  tractor  farms  was 
due  largely,  of  course,  to  differences  in  type  of  tractor  rather  than  in 
size  of  farm. 

USES  OF  POWER  ON  FARMS 

The  power  units  employed  on  any  farm  and  the  work  done  with 
them  depend  upon  the  kind  and  amount  of  work  to  be  done,  the 
machinery  equipment  of  the  farm,  the  relative  costs  of  the  different 
kinds  of  power,  the  personal  preference  of  the  operator,  and  the  extent 
to  which  hired  power  is  used.  On  none  of  the  farms  surveyed  was 
only  one  kind  of  power  used.  On  horse  farms,  trucks  might  be  owned 
or  hired  for  part  or  all  of  the  hauling,  and  threshing  be  done  with  a 
tractor  or  a  steam  engine.  On  all  the  tractor  farms,  horses  also  were 
used  and  in  most  instances  furnished  the  greater  part  of  the  power 
used.  On  some  farms  of  each  type,  gas  engines  and  electric  motors 
performed  operations  that  on  other  farms  were  done  with  horses  or 
tractors.  The  annual  usage  of  the  different  kinds  of  power  on  indi- 
vidual farms  varies  greatly. 

POWER  ON  TRACTOR  FARMS 

The  average  number  of  hours  of  use  of  power  units,  both  owned  and 
hired,  in  1929  on  the  farms  surveyed  is  shown  in  table  4  according  to 
size  of  farm  and  kind  of  power.  The  hours  shown  are  the  averages 
for  all  farms  in  the  group  rather  than  for  only  the  farms  reporting  the 
particular  items.  Based  on  farms  reporting,  the  averages  would  be 
the  same  as  shown  for  only  two  items,  owned  tractor  drawbar  hours 
and  owned  horse  hours.  Each  average  was  obtained  from  the  sum 
of  the  number  of  hours  the  units  in  the  group  were  used,  without 
regard  to  differences  in  sizes  of  units. 
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The  work  done  on  the  2-plow-tractor  farms  required  an  average  of 
316  tractor  hours  and  3,372  horse-hours,  on  the  3-plow-tractor  farms 
the  average  requirement  was  313  tractor-hours  and  4,531  horse-hours, 
and  on  the  general-purpose-traetor  farms  it  was  488  tractor-hours 
and  2,856  horse-hours.  The  average  requirements  per  crop-acre  on 
the  2-plow-,  3-plow-,  and  general-purpose-tractor  farms  were,  respec- 
tively, 1.7  tractor-hours  and  17.4  horse-hours,  1.4  tractor-hours 
and  20.0  horse-hours,  and  2.5  tractor  and  14.6  horse-hours. 

In  table  4  the  group  of  general-purpose  tractor  farms  of  less  than 
100  acres  has  been  omitted,  because  it  comprised  only  three  farms, 
and  these  were  included  in  the  next  higher  group. 

Trucks  were  owned  by  many  operators  of  farms  of  all  sizes.  Length 
of  haul  to  market,  character  of  road,  preference  of  the  operator,  and 


Figure  2.— Trucking  hogs  to  market. 


considerations  other  than  initial  investment  involved  are  the  more 
probable  factors  determining  truck  ownership  (fig.  2).  The  invest- 
ment is  no  longer  a  serious  consideration  with  many  farmers  who  are 
content  to  use  second-hand  trucks.  Forty-four  percent  of  the  total 
number  of  trucks  used  were  purchased  second-hand  at  an  average  cost 
of  $193.  On  some  farms  trucks  are  used  like  passenger  automobiles 
where  the  latter  are  lacking,  and  elsewhere  trucks  are  sometimes  used 
about  the  farm  in  lieu  of  a  saddle  horse  as  well  as  for  regular  hauling. 
The  truck  hours  shown  in  table  4  represent  time  used  by  trucks  on  the 
farm  and  on  the  road  in  connection  with  the  farm  business.  Hours 
of  hired  truck  service  are  omitted  from  the  table,  because  they  include 
long  hauls  to  markets  and  milk-route  hauling  for  which  it  is  impracti- 
cable to  obtain  estimates  of  time,  but  the  costs  of  all  truck  hire,  are 
given  in  tables  5  and  16.  On  the  2-plow-tractor  farms  there  were  31 
owned  trucks,  on  the  3-plow-tractor  farms  45  trucks,  and  on  the 
general-purpose-tractor  farms  25  trucks.  In  the  260-to-299-crop-acre 
group  of  2-plow-tractor  farms  there  were  no  trucks  owned,  but  there 
was  an  average  cost  of  $106.87  per  farm  for  truck  hire.     (See  table  16.) 


UTILIZATION  AND  COST  OF  POWER  ON  CORN  BELT  FARMS         1 1 

Of  the  miscellaneous  power  equipment  owned  on  the  farms,,  only 
that  which  was  used  as  competitive  with  horses  or  tractor  was  included 
in  the  study.  Most  of  this  equipment  consisted  of  small  gas  engines 
used  for  elevating  corn  or  grain,  for  sawing  wood,  and  for  grinding  feed. 
Engines  on  combines,  corn  pickers,  and  power  balers  were  included,,  as 
well  as  a  few  electric  motors  used  almost  entirely  in  connection  -^ith. 
grain  elevators.  In  addition  to  the  use  of  owned  miscellaheous  power 
shown  in  table  4,  there  was  an  average  per  farm  of  1.0  hour  on  the 
2-plow-tractor  farms,  2.5  hours  on  the  3-plow-tractor  farms,  and  2.0 
hours  on. the  general-purpose-tractor  farms  for  hired  miscellaneous 
power. 

Tractors  were  liired  on  tractor  farms  to  only  a  limited  degree  for 
drawbar  work  but  to  a  considerable  degree  for  belt  operations. 
Drawbar  hire  is  usually  in  connection  with  specialized  machines  such 
as  the  combine.  Belt  operations  are  hired  because  of  the  lack  of  the 
necessary  machinery  on  the  home  farm,  because  the  owned  tractor  is 
too  small,  or  because  hiring  the  work  done  is  more  convenient  or 
economical.  Considerable  belt  work  such  as  threshing,  silo  filling, 
and  shredding  is  done  by  steam  tractors. 

The  use  of  hired  power  influenced  the  use  of  the  home-power  units 
to  a  considerable  degree.  In  the  areas  studied  it  w^as  generally 
possible  to  hire  power  of  almost  any  kind.  Nearly  all  farms  hire 
more  or  less  power;  even  adequately  equipped  farms  frequently,  as  a 
matter  of  convenience  or  economy  or  both,  hire  power  of  some  kind. 
This  is  particularly  true  of  truck  hire,  for  wliich  keen  custom  competi- 
tion has  lowered  the  rates  in  many  sections  sufficiently  to  attract  the 
patronage  even  of  farmers  who  have  their  own  trucks.  The  hiring  of 
organized  threshing  and  other  rigs  which  provide  their  own  power 
precludes  the  use  of  the  home  tractor.  Also,  modern  power  machinery 
has  effected  such  economies  in  production  and  handling  of  crops  that 
frequently  it  is  hired  in  preference  to  using  older  types  of  equipment 
existing  on  the  farms.  Table  4  shows  steam  power  used  on  farms  of 
all  types  and  all  sizes.  The  amount  of  work  for  such  machinery  will 
determine  for  any  farmer  the  economy  of  direct  ownership.  Hiring 
of  power  does  not  indicate  faulty  organization  of  equipment;  in  many 
cases  it  is  an  economical  solution  of  the  problem  of  how  to  obtain  the 
use  of  efficient  but  costly  equipment. 

POWER  ON  HORSE  FARMS 

The  average  hours  of  use  of  all  kinds  of  power  on  the  horse  farms  in 
1929  appears  by  size  groups  in  table  4. 

Horses  on  the  home  farms  provided  much  the  largest  share  of  tW 
total  hours  of  use.  In  addition  to  the  figures  shown,  hired  powef 
averaged  1  hour  for  miscellaneous  power  of  small  gasoline  engines  or 
electric  motors  and  old  automobile  motors.  '  *'  ' 

On  the  big-team-hitch  farms  0.3  hour  of  miscellaneous  mechanical 
work  not  shown  in  the  table  was  hired. 

HAULING  WITH  MOTOR  TRUCKS  AND  HORSES 

Of  the  total  of  736  farms  from  which  records  were  obtained,  133 
had  motor  trucks,  which  were  used  together  with  horses  for  hatiliilg, 
and  the  other  603  farms  used  horses  entirely  or  hired  some  ti^uek 
hauling. 
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The  average  use  of  motor  trucks  and  horses  for  hauling  on  the 
road  and  the  farm  in  1929,  exclusive  of  custom  work,  is  shov^n  accord- 
ing to  size  of  farm  in  table  5.  Truck  and  team  usage  is  given  in  total 
miles  traveled  (including  travel  empty)  and  in  hours  required  for 
hauling,  rather  than  in  ton-miles  which  would  be  perhaps  the  best 
unit  for  measuring  the  cost  if  accurate  data  could  have  been  obtained. 
However,  it  was  impossible  to  obtain  any  data  as  to  the  weight  or 
size  of  load  for  many  products  hauled.  The  trucks  sometimes  were 
used  in  lieu  of  passenger  automobiles,  and  the  latter  often  were  used 
for  hauling  light  loads  of  merchandise.  The  hours  of  hauling  shown 
may  not  include  the  exact  time  used  on  all  the  miscellaneous  odd  jobs 
about  the  farm  and  the  road,  but  probably  they  include  all  the  time 
required  to  market  the  crops  and  livestock  and  to  haul  grain,  feeds, 
fuel,  and  supplies. 

It  seems  unlikely  that  the  slight  difference  in  average  distance  to 
market  accounts  for  the  ownership  or  nonownership  of  a  truck. 

Table  5. — Avei-age  use  of  motor  trucks  and  horses  for  hauling  in  1929 
FARMS  NOT  OWNING  MOTOR  TRUCKS 


Farms 
sur- 
veyed 

Aver- 
age 
crop 
acreage 

Aver- 
age 
dis- 
tance 
from 
usual 
market 

Motor-truck  hauling 

Horse  hauling  i 

Size  group  (crop- 
acres) 

Use  of  owned  trucks 

Cost  of 
hired 
haul- 
ing 

On  road 

On  road 

On 
farm 

Dis- 
tance 

Time 

On 
farm 

Dis- 
tance 

Time 

Less  than  60 

Number 
24 
109 
131 
101 
80 
63 
44 
61 

603 

Acres 
49 
80 
120 
155 
197 
238 
276 
380 

Miles 
4.6 
3.9 
3.8 
4.2 
3.5 
3.9 
3.7 
3.2 

3  8 

Miles 

Hours 

Hours 

Dollars 
25.28 
38.25 
38.48 
59.64 
72.95 
90.40 
54.  52 
54.75 

Miles 
77 
103 
128 
184 
199 
206 
281 
432 

Hours 
95 
115 
126 
191 
213 
226 
327 
530 

Hours 
169 

60  to  99 

'      ' 

245 

100  to  139  - 

268 

140  to  179 

318 

180  to  219 

395 

220  to  259  - 

390 

260  to  299 

378 

300  and  over 

692 

Total  or  average. - 

175 

53.41 

189 

210 

347 

FARMS  OWNING  MOTOR  TRUCKS 


Less  than  60 

60  to  99  . 

8 
21 
29 
21 
20 
11 

9 
14 

48 
79 
120 
157 
199 
235 
287 
339 

5.6 
5.0 
5.5 
4.9 
3.9 
5.7 
3.8 
4.1 

606 
1,251 
812 
970 
955 
1,323 
807 
853 

129 
133 
94 
136 
164 
129 
139 
136 

13 
42 
51 
49 
20 
22 
57 
36 

8.12 
13.34 
45.70 
76.56 
14.  12 
124.  66 
25.83 

7.14 

73 

48 
32 
62 
77 
84 
119 
398 

93 
47 
35 
57 
91 
112 
105 
423 

169 
138 

100  to  139 - 

140  to  179 

199 
241 

180  to  219 

400 

220  to  259 

269 

260  to  299 

590 

300  and  over 

375 

Total  or  average.. 

133 

171 

4.8 

962 

130 

39 

39.58 

97 

104 

275 

1  Miles  and  hours  of  hauling  with  horses  are  measured  for  teams  rather  than  for  single  animals. 

For  all  nontruck  farms  surveyed,  as  the  average  crop  acreage  in- 
creased, the  number  of  miles  hauled  per  year  increased,  and  so  did 
the  expense  for  hired  truck  hauling  except  for  the  two  groups  of 
largest  farms.  For  all  farms  surveyed  that  had  motor  trucks  the 
average  expense  for  hired  truck  hauling  was  $39.58.  On  these  farms 
there  was  no  apparent  relation  between  the  area  of  crop  land  and  the 
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miles  or  hours  of  hauling  with  owned  truck  or  the  expense  for  hired 
hauling.  Tlie  farms  of  220  to  259  crop-acres  showed  the  longest 
average  distance  of  road  hauling  and  largest  expense  for  hired  hauling. 
The  average  time  required  for  the  hauling  with  owned  trucks  was  the 
least  time  for  any  size  group  of  farms  except  one.  The  records  show 
that  on  the  220-to-259-crop-acre  farms  more  of  the  hauling  was  for 
trips  wliicli  did  not  necessitate  waiting  for  loading  or  unloading  while 
on  the  groups  of  farms  next  larger  and  next  smaller  much  of  the  haul- 
ing was  from  threshing  machines  to  elevator  or  granary  which  inrvolves 
considerable  time  for  loading  and  unloading. 

On  the  non truck  farms,  which  had  practically  the  same  average 
crop  acreage  as  the  farms  where  trucks  were  owned,  the  hours  and 
miles  of  road  hauling  with  horses  were  just  about  double  the  amounts 


Figure  3.— Applying  manure  with  a  spreader. 


for  the  latter  class.  However,  on  the  truck-owning  farms  there  was 
a  lower  cash  expense  for  hired  trucking.  It  is  evident,  from  the  mile- 
age covered,  that  much  of  the  hauling  by  motor  trucks  was  to  ter- 
minal markets  not  available  to  farmers  who  used  horses  only. 


FARM  TRACTOR  WORK 

The  work  done  annually  with  the  tractor  is  influenced  principally 
by  the  size  of  farm,  type  of  tractor,  operations  for  which  tractor  is 
used  and  amount  of  custom  work  done.  Tractors  are  used  univer- 
sally, on  the  farms  having  them,  for  plowing  and  disking,  but  the 
amount  of  use  for  other  drawbar  operations  differs  with  the  individual 
farm.  Table  6  shows  the  variation  in  average  hours  of  tractor  work 
by  type  of  tractor  and  by  size  of  farm.  As  some  tractor  work  is 
hired,  regardless  of  size  of  farm,  the  figures  in  the  table  do  not  repre- 
sent the  total  tractor  work  per  farm,  which  is  shown  in  table  4. 
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Table  6.; — Average  annual  hours  of  work  with  tractors  of  different  sizes  and  types, 
.    ,  1929 

■•  2-PLOW-TRACTOR  FARMS 


Farms 
surveyed 

Average 

crop 
acreage 

Work  on  home  farm 

Custom 

Size  group  (crop  acres) 

Drawbar 

Belt 

Total 

Per  crop 
acre 

work 
(total) 

Less  than  100 

Number 
23 
32 
31 
28 
16 
10 
16 

Acres 
76 
121 
157 
202 
239 
278 
368 

Hours 
167 
218 
263 
290 
324 
310 
414 

Hours 
29 
31 
32 
32 
31 
42 
32 

Hours 
196 
249 
295 
322 
355 
352 
446 

Hours 
■    2.6 
2.1 
1.9 
1.6 
1.5 
1.3 
1.2 

Hours 
36 

100  to  139 

71 

140  to  179                               

43 

180  to  219  i- 

43 

220  to  259 . 

62 

260  to  299*'                                  

41 

300  and  over 

57 

Total  or  average 

156 

184 

269 

32 

301 

1.6 

51 

3-PLOW-TRACTOR  FARMS 


Less  than  100- 

100  to  139 

140  to  179 

180  to  219 

220  to  259 

260  to  299 

300  and  over.. 


Total  or  average- 


13 

79 

130 

32 

162 

2.0 

16 

119 

156 

29 

185 

1.6 

17 

156 

190 

47 

237 

1.5 

18 

195 

272 

33 

305 

1.6 

16 

238 

234 

44 

278 

1.2 

16 

280 

329 

39 

368 

1.3 

28 

380 

371 

54 

425 

1.1 

124 

226 

256 

41 

297 

1.3 

79 
45 
62 
126 
66 
67 
71 


74 


QENERAL-PURPOSE-TRACTOR  FARMS 


100  to  139--.. 
140  to  179... . 
180  to  219.-. 
220  to  259.--. 
260  to  299.... 
300  and  over. 


Total  or  average. 


21 

117 

271 

18 

280 

2.5 

18 

152 

365 

38 

403 

2.6 

12 

194 

500 

48 

548 

2.8 

8 

237 

447 

24 

471 

2.0 

13 

277 

557 

39 

596 

2.2 

7 

351 

735 

98 

833 

2.4 

79 

196 

433 

38 

471 

2.4 

49 


Tractors  are  purchased  principally  for  drawbar  work  on  the  home 
farm,  and  the  amount  of  this  kind  of  work  increases  with  the  size  of 
farm.  The  greater  use  of  the  general-purpose  tractor  is  largely  due 
to  its  use  for  cultivating  row  crops  (fig.  4),  which  is  not  possible  with 
the,  prdinary  type  tractor.  Seventy- three  percent  of  the  total  r. um- 
ber of  these  tractors  was  used  for  cultivating.  Other  field  operations, 
such  as  breaking  stalks,  harrowing,  drilling,  mowing,  and  harvesting 
grain  were  done  to  a  much  greater  extent  with  the  general-purpose 
than  with  the  ordinary- type  tractor. 

OWing  to  the  newness  of  the  general-purpose  tractor,  as  compared 
with  the  ordinary  type,  the  operations  for  which  it  is  used  are  not  yet 
fully  developed  or  standardized  on  the  various  farms  and  there  are 
indications  that  some  of  the  general-purpose-tractor  farms  were 
overpowered.  Because  this  type  can  be  adapted  to  a  considerable 
variety  of  farm  work,  it  has  sometimes  been  used  for  operations 
whic^h  it  could  not  perform  economically.  In  table  6  the  hours  of 
work  per  crop-acre  for  this  type  tractor  show  less  regular  variation 
with  size  of  farm  than  for  other  types.  Longer  experience  with  the 
general-purpose  tractor  doubtless  will  result  in  greater  uniformity  of 
usage  among  farmers  on  similar  types  of  farms. 
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Three-plow  tractors  were  used  more  on  the  belt  than  were  the 
other,  tractors,  especially  for  threshing  (iig.  5),  shelling,  and  silo 
filling.     The   use  of  owned-belt  power  increased  with   the  size  of 
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Figure  4.— Cultivating  corn  with  a  4-row  tractor  cultivator. 

farm,  but  not  uniformly  because  of  the  general  custom  of  hiring  belt 
power,  especially  for  threshing.  The  table  shows  but  little  relationship 
between  size  of  farm  and  amount  of  belt  work  done  by  the  home  tractor. 


:  .  .LRE  5.— The  15-30  tractor  furnishes  satisfactory  power  for  threshing. 

The  average  use  of  tractors  on  the  home  farms,  for  all  the  tractor 
farms  surveyed,  was  301  hours  on  the  drawbar  and  36  hours  on  the 
belt,  a  total  of  337  hours. 

In  addition  to  work  on  the  home  farm  58  percent  of  all  tractors 
were  used  for  custom  work.     Fifty-six  percent  of  the  2-plow,  65  per- 
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cent  of  the  3-plow,  and  52  percent  of  the  general-purpose  tractors  did 
custom  work.  Two-thirds  of  the  total  hours  of  custom  work  was  for 
belt  operations.  With  the  3-plow  tractors,  71  percent  of  the  custom 
work  was  for  belt  operations.  This  size  tractor  more  adequately 
meets  the  demands  of  the  heavier  belt  machinery. 

Total  usage  of  all  the  tractors  averaged  396  hours  annually,  com- 
prising 321  hours  for  drawbar  and  75  hours  for  belt  operations. 
General-purpose  tractors  were  used  an  average  of  520  total  hours, 
2-plow  tractors  352  total  hours,  and  3-plow  tractors  371  total  hours. 

FARM  HORSE  WORK 

In  general,  as  reported  in  this  survey  and  shown  in  table  7,  the 
total  yearly  amount  of  home  horse  work  done  per  farm  with  owned 
horses  increased  regularly  with  the  number  of  crop  acres.  Single 
exceptions  in  the  groups  of  farms  using  big-team  hitches  and  general- 
purpose  tractors,  are  apparently  of  minor  consequence  and  may  be 
due  to  an  insufficient  number  of  farms  in  the  sample.  The  table 
shows  only  the  work  done  by  owned  horses.  A  small  amount  of 
hired-horse  work  was  reported  in  this  survey,  shown  in  table  4. 

Table  7. — Average  annual  home  and  custom  work  with  owned  horses 
2-PLOW-TRACTOR  FARMS 


Size  group  (crop  acres) 


Farms 
surveyed 


Average 

crop 
acreage 


Horses 
per 
farm 


Crop 

land  per 

horse 


Home  farm  work 


Per 

farm 


Per 
horse 


Custom 
work 
per 
farm 


Less  than  100. 

100  to  139 

140  to  179 

180  to  219 

220  to  259 

260  to  299 

300  and  over.. 


Total  or  average. 


Number 
23 
32 
31 
28 
16 
10 
16 


Acres 
76 
121 
157 
202 
239 
278 


Number 
3 
4 
5 
6 
7 
7 


Acres 
26 
30 
35 
35 
36 
40 
41 


Horse- 
hours 
1,565 
2,418 
2,845 
3,593 
4,308 
5,212 
6,233 


Hours 
537 


625 
656 
745 


156 


184 


35 


3,352 


643 


Horse- 
hours 


3-PLOW-TRACTOR  FARMS 


Less  than  100. 

100  to  139 

140  to  179 

180  to  219 

220  to  259 

260  to  299 

300  and  over.. 


Total  or  average. 


13 

79 

4 

22 

1,738 

491 

16 

119 

4 

31 

2,200 

577 

17 

156 

5 

31 

3.014 

603 

18 

195 

6 

33 

4,034 

678 

16 

238 

7 

33 

4,966 

679 

16 

280 

8 

37 

6,140 

674 

28 

380 

10 

38 

7,662 

763 

124 

226 

7 

34 

4,499 

681 

QENERAL-PURPOSE-TRACTOR  FARMS 


Less  than  60.-. 

60  to  99 

100  to  139.. 

21 
18 

■i 

13 

7 

117 
162 
194 
237 
277 
361 

3 
3 

5 
4 
6 
6 

36 
48 
40 
64 
43 
66 

1,754 
2,136 
2,635 
3,045 
4,590 
4,603 

526 
674 
546 
696 
719 
716 

15 

140  to  179 

21 

180  to  219 

220  to  259 

260  to  299     

40 

300  and  over    

4 

Total  or  average. 

79 

196 

4 

46 

2,816 

641 

16 
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Table  7. — Average  annual  home  and  custom  work  mth  owned  horses — Continued 
ORDINARY  HORSE  FARMS 


Farms 
surveyed 

Average 

crop 
acreage 

Horses 
per 
farm 

Crop 

land  per 

horse 

Home  farm  work 

Custom 
work 
per 
farm 

Size  group  (crop  acres) 

Per 
farm 

Per 

horse 

Less  than  60               - 

Number 

28 
95 
89 
50 
36 
18 
11 
16 

Acres 

49 
79 
118 
155 
196 
238 
275 
339 

Number 

3 
4 
6 
6 
8 
8 
10 
12 

Acres 

14 
18 
21 
24 
25 
28 
28 
29 

Horse- 
hours 
2.112 
2.726 
3.605 
4.933 
5,595 
6.4.'«) 
7.102 
8,820 

Hours 
610 
606 
646 
776 
707 
769 
723 
767 

Horse- 
hours 
59 

60  to  99 

113 

I00tol39 

17 

140  to  179 

129 

180  to  219 

64 

220  to  259                       

9 

280  to  299 

74 

Total  or  average 

343 

137 

6 

23 

4,146 

688 

69 

BIG-TEAM-HITCH  FARMS 

100  to  139                          

6 
6 
6 
6 
3 
8 

132 
148 
202 
236 
277 
443 

7 
7 
8 
10 
10 
20 

19 
21 
25 
23 
27 
22 

4,663 
4,880 
6,682 
7.  534 
7.259 
14.927 

666 
697 
818 
729 
702 
746 

140  to  179 

180to  219               - 

220  to  259 

87 

260to299     - -- 

2 

300  and  over 

1,122 

34 

252 

11 

23 

8,208 

736 

279 

Total  annual  hours  of  home  work  per  head  for  owned  horses  did 
not  vary  consistently  with  increases  in  crop  acreage.  This  is  not 
unexpected,  however,  because  of  differences  which  exist  in  systems  of 
cropping  and  methods  of  crop  management;  in  type  of  farms;  in 
ages,  numbers,  and  kinds  of  work  stock  owned  and  used;  in  work- 
stock  management;  and  in  kinds  of  implements  employed  in  the 
various  areas.  Owned  work  stock  on  the  big-team-hitch  farms 
worked  the  most  hours  per  year  on  the  home  farm.  The  spread  be- 
tween the  maximum  average,  on  big-team -hitch  farms,  and  the  min- 
imum average,  on  general-purpose-tractor  farms,  amounted  to  9.5 
days  of  10  hours  each.  The  general-purpose-tractor  farms  had  not 
only  the  minimum  average  amount  of  home  work  done  per  animal, 
but  also  the  smallest  average  number  of  work  stock  per  farm.  Big- 
team-hitch  farms,  on  the  other  hand,  used  the  greatest  average  num- 
ber of  horses.  Table  7  shows  practically  no  difference  between  the 
averages  for  general-purpose-tractor  farms  and  for  ordinary  two- 
plow-tractor  farms  in  yearly  work  done  per  horse  on  the  home  farm, 
but  the  former  averaged  one  head  less  of  work  stock  per  farm  than 
did  the  latter. 

Custom  work  with  owned  horses  (table  7)  comprised  but  a  very 
small  part  of  the  total  hours  of  horse  work  for  any  class  except  the 
big-team-hitch  farms.  This  average  was  strongly  influenced  by  the 
300-acre-and-over  group  of  multiple-liitch  users.  One  farm  in  this 
group  reported  1,200  hours  of  outside  horse  labor  in  threshing  and 
plowmg,  and  another  7,780  hours  of  custom  hauling  and  excavating. 
Extensive  use  of  work  stock  for  custom  purposes  does  not  necessariljy 
mean  that  owners  are  doing  the  most  work  per  year  with  such  ani- 

181594—33 3 
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mals,  as  is  well  indicated  by  comparison  of  the  300-crop-acre-and-over 
group  with  the  180-to-219-crop-acre  group  of  big-team-hitch  farms. 

Like  the  number  of  hours  per  head  worked  annually,  the  number 
of  crop  acres  per  horse  increased  somewhat  irregularly  with  the  crop 
acreage.  The  addition  of  the  power  supplied  by  tractors  makes  it 
possible  to  expand  the  total  acreage  and,  accordingly,  to  increase  the 
crop  acreage  per  horse.  The  contrast  between  farms  powered  by 
animals  only  as  compared  with  those  having  tractors  would  have 
been  greater  if  many  of  the  tractor  farms  had  not  owned  compara- 
tively as  many  w^ork  stock  as  the  other  farms. 

There  are  strong  indications  that  some  of  the  big-team-hitch  farms 
were  overpowered,  particularly  those  in  the  small  and  the  large  crop- 
acre  groups.  On  these  farms  of  300  crop  acres  or  more,  the  average 
number  of  horses  per  farm  was  twice  that  found  in  the  next  lower 
group  of  260  to  299  crop  acres.  This  apparent  excess  of  animals 
raised  the  average  number  of  work  stock  for  all  big-team-hitch  farms, 
and  lowered  the  average  crop  acreage  per  horse  which,  under  proper 
adjustment,  should  be  higher  than  that  on  ordinary  horse  farms. 

ACCOMPLISHMENT  BY  TRACTORS  ON  DIFFERENT  OPERATIONS 

For  greatest  efficiency  the  various  implements  chosen  should  be 
those  which,  under  particular  soil  and  topographic  conditions,  fit  the 
available  power  unit  whether  it  be  horses  or  tractor.  Frequently, 
however,  old  equipment  of  improper  size  or  type  is  used  instead  of 
being  replaced  with  more  suitable  machinery.  This  is  especially  true 
concerning  certain  horse-type  implements  that  are  frequently  used 
with  tractors  until  worn  out.  In  such  cases  the  operator  cannot  hope 
to  equal  the  performance  of  his  neighbors  who  have  machinery  prop- 
erly related  to  their  power  units. 

The  average  rates  of  accomplishment  for  tractors  on  the  farms  sur- 
veyed, for  different  operations  with  different  sizes  of  implements,  are 
shown  in  table  8.  On  every  crop  record  obtained,  the  rate  of  work 
for  each  individual  operation  was  obtained  on  the  day  basis.  The 
accomplishment  is  stated  on  the  hour  basis,  however,  because  the 
length  of  the  working  day  is  dependent  upon  the  season  of  the  year 
and  upon  what  each  operator  considers  a  day's  work  on  his  particular 
farm.  Because  of  variations  in  soil,  topography,  size  and  shape  of 
fields,  nature  of  implements,  farming  practices,  and  quality  of  work 
stock,  the  rates  are  shown  separately  for  the  different  States.  While 
the  data  are  particularly  applicable  to  the  areas  in  which  the  informa- 
tion was  obtained,  they  should  be  applicable  to  other  areas  also  in 
the  several  States  where  conditions  are  similar.  Rates  are  not  shown 
for  some  implements  in  certain  States  where  found  because  the  acre- 
age was  too  small  to  furnish  reliable  averages. 
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The  acres  covered  per  hour  for  individual  operations  in  different 
States  showed  wide  variations  for  similar  implements  pulled  by  the 
different  size  and  type  tractors.  It  is  generally  considered  that  the 
rate  for  spring  plowing  is  somewhat  faster  than  for  fall  plowing,  as  in 
the  fall  the  soil  is  often  dry  and  hard  and  plowing  is  usually  al)out 
1  inch  deeper.  The  reports  for  spring  and  fall  plowing  by  States 
show  varying  rates  for  the  different  tractors.  In  the  2-plow-tractor 
group,  there  is  practically  no  difference  in  the  rates  of  accomplish- 
ment for  the  two  seasons,  except  in  Missouri.  In  the  3-plow- 
tractor  group  accomplishment  in  the  spring  was  greater  than  in  the 
fall,  except  in  Indiana.  In  the  general-purpose-tractor  group  the 
differences  were  slightly  greater  than  in  the  2-plow-tractor  group,  but 
the  maximum  difference  amounted  to  only  one  half  acre  for  a  10-hour 
day.  Differences  which  occurred  in  certain  groups  of  farms  afl'ected 
the  rates  for  plowing  in  Missouri.  For  the  two-  and  three-plow  trac- 
tors, the  accomplishment  was  greater  for  spring  than  for  fall  plowing, 
while  for  the  general-purpose  tractors  the  result  is  reversed. 

Rate  of  accomplishment  in  disking  and  in  harrowing  shows  increases 
with  size  of  implement  varying  in  the  different  States.  The  large 
number  of  reports  on  single  disking  indicates  that  many  operators 
are  using  horse-type  disks  with  their  tractors.  The  accomplishment 
with  7-foot  single  disks  in  Missouri  was  rather  low,  especially  when 
compared  to  that  with  6-  to  7-foot  tandem  disks  in  the  same  State. 
With  the  8-  to  10-foot  single  disks,  the  rates  of  the  2-plow  tractors 
were  lower  in  Illinois  and  Iowa  than  that  of  the  general-purpose  trac- 
tors, but  in  Indiana  the  contrary  was  true.  With  the  same  size 
disks,  the  3-plow  tractors  in  Iowa  accomplished  the  same  as  the 
2-plow  tractors,  the  extra  power  of  the  larger  tractor  being  of  no 
advantage  for  a  load  of  this  size.  The  two  largest  disk  outfits  were 
each  made  up  of  two  units  abreast.  With  the  14-  to  16-foot  outfits, 
the  rate  of  the  general-purpose  tractors  in  Iowa  was  about  11  percent 
greater  than  that  of  the  2-plow  tractors.  For  the  largest  disk 
outfits,  the  rate  of  the  2-plow  tractors  was  practically  the  same  in 
both  States  reporting.  However,  the  3-plow  tractors  showed  a 
rate  greater  in  one  State  and  less  in  the  other,  but  the  low  rate  in 
Iowa  was  due  to  abnormal  conditions  and  is  not  representative. 

With  the  6-  to  7-foot  tandem  disks,  the  general-purpose  tractor  did 
slightly  more  work  per  hour  than  the  2-  and  3-plow  tractors  (fig.  6). 
When  8-  to  10-foot  tandem  disks  were  used,  the  3-plow  tractors, 
because  of  their  greater  power,  performed  at  higher  rates  than  did 
either  of  the  other  two  types  except  the  general-purpose  tractors  in 
Missouri.  One  exception  in  the  disking  performance  is  noted  in 
Michigan,  where  the  3-plow  tractors  pulling  the  smaller  disks  covered 
a  greater  acreage  than  with  the  larger  disks. 

If  it  is  necessary  to  disk  land  twice,  it  is  more  economical  to  use  a 
tandem  disk  than  to  cover  the  land  twice  with  a  single  disk.  In 
Indiana,  with  the  2-plow  tractors  and  8-  to  10-foot  disks,  the  single  disk 
showed  a  36  percent  greater  rate  than  the  tandem  disk,  but  on  the  basis 
of  twice  over  the  tandem  disk  had  an  advantage  of  about  47  percent. 
The  least  difference  with  the  same  size  disk  also  was  shown  in  Indiana, 
by  the  general-purpose  tractors.  The  duty  was  only  6  percent  greater 
with  the  single  than  with  the  tandem  disk.  On  the  basis  of  twice  over, 
however,  the  tandem  disk  showed  an  advantage  of  88  percent.  In  no 
State  did  the  accomplishment  of  the  18-  to  20-foot  disks  pulled  abreast 
double  that  of  the  8-  to  10-foot  tandem  outfits. 
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More  spike-tooth  harrowing  was  done  with  general-purpose  trac- 
tors than  with  either  of  the  other  types  on  the  farms  surveyed.  With 
24-foot  and  larger  harrows  the  3-plow  tractor  covered  the  greatest 
acreage    hourly.     With    the   smaller   harrows    the   general-purpose 
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FiQUEB  6.— Tandem  disking  and  harrowing  in  one  operation. 

tractors  had  greater  capacity  than  the  2-plow  tractors.  For 
spring-tooth  harrowing  there  w^ere  a  few  scattering  reports  in  some 
States,  but  only  in  Michigan  were  there  enough  to  give  reliable  rates, 
and  the  same  was  true  for  pulverizing  and  roUing.     For  each  of  these 


Figure  7.— Harvesting  grain  with  a  lO-foot  power  take-off  binder. 

operations  the  rate  of  the  general-purpose  tractors  exceeded  that  of 
the  other  types,  where  all  were  used  on  8-foot  implements. 

Grain  drilhng  with  tractors  was  common  only  in  Indiana  and 
Missouri,  and  because  of  differences  in  sizes  of  drills  no  comparison 
can  be  made.  It  was  evident  that,  in  1929  as  in  the  past,  farmers 
generally  in  the  Corn  Belt  were  using  horses  rather  than  tractors  for 
planting  operations.  ,    i 
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f  Rotary  hoes  were  pulled  by  general-purpose  tractors  at  fairly 
comparable  rates  in  all  States  but  Michigan  where  the  rotary  hoe  is 
not  common.  Other  types  of  tractors  were  used  for  this  implement  in 
only  two  States,  and  showed  somewhat  lower  accomplishments. 

In  cultivating  corn  with  2-row  cultivators,  the  rate  of  the  gen- 
eral-purpose tractors  was  about  the  sam.e  for  the  four  States  reporting. 
The  average  rate  for  all  the  farms  amounted  to  about  20  acres  per 
10-hour  day.  In  cultivating  beans  in  Michigan  with  4-row  outfits, 
the  rate  was  twice  that  for  2-row  cultivation  of  corn. 

Many  operators  used  their  tractors  to  harvest  grain  either  with 
7-  and  8-foot  horse  binders  or  with  10-foot  tractor  binders  (fig.  7). 
The  type  of  tractor  does  not  appear  to  have  afi'ected  appreciably  the 
diflFerences  in  accomplishment  with  any  particular  size  of  binder, 


Figure  8.— Twelve  horses  pulling  a  4-bottom  gang  plow. 

which  indicates  that  the  speed  of  the  tractors  was  about  the  same  and 
not  influenced  by  the  load  pulled.  The  highest  accomplishment  was 
in  Missouri,  where  the  rate  with  10-foot  binders  pulled  by  either 
3-plow  or  general-purpose  tractors  was  about  3.5  acres  per  hour  or  35 
acres  per  10-hour  day. 

Mechanical  corn  pickers  were  being  used  by  some  farmers,  but  not 
enough  records  were  obtained  in  any  one  State  to  determine  a  rep- 
resentative rate  of  accomplishment. 

ACCOMPLISHMENT   BY   HORSES   ON  DIFFERENT   OPERATIONS 

The  rates  of  accomplishment  by  teams  of  2  to  12  horses  on  difl"erent 
operations  are  shown  in  table  9.  As  was  found  with  tractors  (table  8), 
there  was  much  variation  in  the  performance  rates  of  teams  of  the 
same  size  pulling  similar  sized  implements.  For  plowing  with  horses 
the  rates  in  the  spring  were  generally  higher  than  those  in  the  fall, 
an  exception  being  the  rate  in  Illinois  for  spring  plowing  with  5-horse 
teams  pulling  12-  or  14-inch  gang  plows.     The  big- team  outfits  of  7 
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horses  and  3-bottom  14-inch  gangs  used  for  spring  plowing  in  Iowa 
covered  sUghtly  over  1  acre  per  hour,  while  the  same  number  of  horses 
on  a  2-bottom  14-inch  gang  on  fall  plowing  in  Illinois  plowed  less  than 
one  half  acre  per  hour.  The  12-horse  outfits  in  the  latter  State 
plowed  at  a  rate  of  over  1  acre  per  hour,  which  was  comparable  with 
the  rate  of  two  6-horse  teams  (fig.  8). 

Table  9. — Accomplishment  per  hour  hy  teams  of  horses  on  different  farming 

operations 


Horses 

in 
team 

Size  of  implement « 

Accomplishment  per  hour 

Operation 

Illinois 

Indiana 

Iowa 

Michi- 
gan 

Mis- 
souri 

Number 
3 

4 

5 

6 

7 
12 
2 
3 

4 

5 

6 

I         7 

2 

3 

4 

6 
6 

7 
8 

9 

\        12 

3 

4 

5 

6 

8 
2 

3 

4 

5 
6 

12-inch         

Acres 

Acres 

Acres 

Acres 

0.19 

.21 

Acres 

14-inch 

0.25 

16-inch      

0.25 

0.28 

0.27 

.27 

2-bottom,  14-inch 

.30 

16-inch 

.28 

.34 

........ 

"'".'37' 

.32 

Plowine.  fall 

2-bottom,  12-inch 

2-bottom,  14-iDch 

2-bottom,  12-inch 

2-bottom,  14-inch 

2-bottom,  12-inch 

.40 

.41 
.48 
.51 

.38 

.54 

.54 

.52 
.54 
.54 

2-bottom,  14-inch 

do     

;   .50 

;  .48 

1.11 

.53 

4-bottom  14-inch 

14-inch 

.16 
.21 

"".'22' 

'"'.'38* 

'"".'49' 

do.. 

16-inch 

""."32' 

.22 
.30 
.25 
.32 
.38 

'"".'52" 
.55 
.59 

""."§6' 

"'Mi' 
"".'44' 

.51 
.64 
.61 
1.09 

.26 
.29 

14-inch         .  . 

16-inch 

.31 

Plowins  sDrincT 

2-bottom,  12-inch 

2-bottom,  14-inch 

2-bottom,  12-inch 

2-bottom,  14-inch 

do.. - 

3-bottom,  14-inch 

.45 
.47 
.46 
.48 
.55 

.36 
.53 

6  feet      

.57 
.84 

6  to  7  feet             

1.11 
1.13 
1.50 
1.75 
2.03 
2.53 

"2:56' 
3.27 

.78 
1.61 
1.82 
1.78 
2.02 
2.08 
3.11 

1.50 

8  feet 

6  to  7  feet       

1.27 
1.74 
2.23 
2.36 
2.57 

1.34 

8  to  10  feet 

1.34 

do        

do 

Disking,  single 

9  feet               

10  feet 

2.50 
2.79 
3.70 

16  feet              

18  feet 

do        

3.50 

20  to  24  feet         

4.78 



6  to  7  feet 

1.20 
1.22 
1.30 
1.38 

7  feet                      

1.32 

8  feet 

Disking,  tandem 

7  feet 

1.49 
1.61 

8  feet 

6  to  7  feet 

""i."47 

8  feet                   

2.08 

10  feet 

2.63 

"i.'ee" 

2.01 

8  to  10  feet     

1.58 
2.46 
1.83 

1.82 

12  feet                       -  . 

1.90 

8  to  10  feet-- 

1.83 

1.64 

'"2."  69* 
3.62 

1.31 

12  to  15  feet  - 

1.91 

16  to  18  feet 

3.24 
1.87 
2.41 
3.29 
4.17 

'"i.'72' 
2.22 
3.05 
3.89 

8  to  10  feet  

1.97 

12  to  15  feet 

2.90 
3.70 
4.07 
4.46 

2.25 

16  to  18  feet 

20  to  22  feet  - 

5.71 

Harrowing,  spike  tooth 

24  to  25  feet 

12  to  15  feet 

2.05 

18  feet           

3.34 

20  feet 

4.07 

24  to  25  feet 

4.25 
3.17 
4.07 
4.96 
5.85 
7.00 

18  feet          

20  to  22  feet 

5.38 
5.62 

4.11 
5.34 
5.96 
8.12 

24  to  26  feet 

' 

28  to  30  feet 

32  to  33  feet 

i  Plows  were  single-bottom  except  as  otherwise  indicated. 
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Table   9. — Accomplishment   per  hour   by  teams   of  horses   on   different  farming 

operations — Continued 


Horses 

in 
team 

Size  of  implement 

A.ccomplishment 

per  hour 

Operation 

Illinois 

Indiana 

Iowa 

Michi- 
gan 

Mis- 
souri 

Number 
(        2 
3 

4 

5 

2 

3 
4 

1 
2 

3 

4 

2 

2 

2 
3 
4 
2 

3 
4 
2 
3 

4 
6 

{     I 

2 

{,    ' 
{    i 

6H  to  6  feet 

Acres 

Acres 

Acres 

Acres 
.83 
.88 
1.29 
1.36 
1.64 
1.44 
1.92 
2.11 
2.00 
2.79 
1.37 
1.68 
1.46 
1.42 
1.45 

Acres 

do 

7^  to  8  feet          .  . 

9  feet 

12  feet 

Harrowing,  spring  tooth 

7H  to  8  feet 

9  to  10  feet 

12  feet                       -  - 

9  to  10  feet 



12  to  16  feet 

7  to  8  feet 

.  1.65 

1.48 

i.63 

9  to  10  feet 

Cultipacking  and  rolling 

7  to  8  feet                

do 

9  to  10  feet  

1.76 
2.20 

1.45 

2.06 

.52 

"'2.'ii' 

1.50 

1.7& 

3  feet 

6  feet 

1.12 
1.28 

7  to  8  feet 

1.22 
1.13 
1.18 
1.54 

""IdoII"""."---"- 
10  feet 

2.12 

1.45 

1.90 
2.22 
5.02 
4.44 
1.61 

1.68 

10  to  11  feet 

5.40 
5.76 
1.85 

4.54 
"i."59' 

3.9S 

Corn  planting 

2-row 

1.23 
1.07 
1.14 
1.46 

1.31 

Drilling,  bean. ..  .  .  . 

3-row         .      -  .--  - 

7  feet 

1.86 

1.98 

2.65 

.72 

1.57 

2.13 
2.50 
2.60 
.71 
.81 
1.28 
1.39 

Hoeing,  rotary 

do - 

lOJ^  feet.. 

1-row 

.57 
.66 
1.37 

""".'85' 
.95 
1.43 

""i.'48' 

.67 

Cultivating,  tow 

2-row -.  

do 

do 

6  feet     

1.31 
1.48 

1.39 
1.40 

1.38 
1.66 

do 

1.15 

"'VM' 

1.51 
1.67 

7.feet 

1.18 

1.61 

Binding,  grain 

6  feet 

1.02 

7  feet 

1.42 
1.74 

1.43 

8  feet     . 

1.71 
2.00 

1.61 

do.--. 

1-row 

.56 
.70 
.73 
.96 
1.05 
1.80 
2.04 

do . 

.64 

Pulling,  bean ^^.. 

Mowing .-  . 

5  feet 

.93 
1.21 
1.99 
2.05 

.97 
■"'2."05' 

1.01 
1.16 
1.74 
1.89 

1.01 

6>feet .. ... 

Raking 

Side-delivery          

1.81 

Dump,  all  sizes 

1.85 

A  comparison  of  the  average  accomplishment  by  both  types  of 
2-plow  tractors  pulhng  2-bottom  14-inch  gang  plows  with  that  by 
5-horse  teams  pulling  the  same  size  plows  shows  that  for  Illinois, 
Indiana,  and  Iowa  combined  the  tractor  in  the  spring  did  55  percent 
more  work  and  in  the  fall  53  percent  more  per  hour. 

The  5-horse  hitches  reported  varied  with  respect  to  type  and  were 
mostly  less  efficient  than  the  modern  big-team-hitch  type.  The 
accomplishments  by  3-plow  tractors  and  by  7-horse  teams  with 
3-bottom  14-inch  gang  plows  on  spring  plowing  in  Iowa  were  prac- 
tically the  same. 

Most  of  the  records  on  single  disking  were  obtained  in  Illinois, 
Indiana,  and  Iowa  whereas  practically  all  those  for  tandem  disking 
were  obtained  in  Indiana,  Michigan,  and  Missouri.  For.  single 
disking,  2  to  12  horses  were  used  with  disks  6  to  24  feet  in  width. 
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On  tandem  disking,  3  to  8  horses  were  used  on  disks  6  to  10  feet 
wide  (fig.  9).  Variations  in  the  number  of  horses  used  on  disks  of 
the  same  size  is  frequently  due  to  size  of  horses,  character  of  soil,  or 
set  of  disk.  The  8-  to  10-foot  disks  were  used  most  commonly  for 
single  disking  with  either  4,  5,  or  6  horses.  With  each  increase  in 
size  of  team  there  was  an  increase  in  the  hourly  performance.  A 
comparison  of  the  average  rates  for  4  horses  on  8-  to  10-foot  disks  and 
for  6  horses  on  the  same  size  outfits  shows  that  in  Illinois  the  6  horses 
did  36  percent  more  work,  in  Indiana  45  percent,  and  in  Iowa  only  17 
percent  more.  Two  disks  abreast  made  up  the  16-  to  24-foot  outfits 
pulled  by  big  teams  of  8  to  12  horses.  Irrespective  of  size  of  team 
or  disk,  with  few  exceptions,  the  acreage  covered  per  day  in  single 


Figure  9.— Preparing  seed  bed  with  a  big-team  outfit. 

disking  averaged  about  4  acres  per  horse.  What  few  comparisons 
can  be  made  clearly  indicate  that  the  use  of  a  tandem  disk  is  con- 
siderably more  efficient  as  a  time  saver  than  is  a  single  disk  when 
the  land  is  covered  twice. 

Spike-tooth  harrows  ranged  in  width  from  8  to  33  feet  and  were 
pulled  by  from  2  to  6  horses.  Most  commonly,  4-horse  teams  were 
used  with  harrows  of  different  sizes.  In  Michigan,  no  outfits  required 
more  than  three  horses.  The  rate  of  accomplishment  with  harrows 
increases  with  the  number  of  horses  pulling  them,  but  not  always  in 
proportion. 

Spring-tooth  harrowing  with  horses,  as  with  tractors,  was  common 
only  in  Michigan.  The  accomplishment  by  4  horses  on  7}^-  to  8-foot 
harrows  was  about  12  percent  greater  than  that  by  3  horses  on  the 
same  implements,  while  on  9-  to  10-foot  outfits  5  horses  showed  only 
about  4  percent  greater  than  4  horses.  Pulling  9-  to  10-foot  harrows, 
the  accomplishment  by  general-purpose  tractors  exceeded  that  by 
5-horse  teams  about  1  %  acres  per  hour,  or  about  74  percent. 

181594—83  1 
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Accomplishment  by  horses  pulling  rollers  is  shown  for  each  of  the 
States.  As  far  as  comparisons  can  be  made  according  to  sizes  of 
teams  and  of  implements,  the  accomplishment  per  horse  for  2-horse 
teams  was  greater  than  for  larger  teams.  The  data  indicate  that 
most  rollers  can  be  handled  satisfactorily  by  a  2-horse  team. 

Small  grain  was  planted  with  drills  and  end-gate  seeders  and  also 
broadcast  by  hand.  A  considerable  acreage  of  wheat  in  Indiana  was 
planted  between  corn  rows  with  a  1 -horse  drill  having  a  capacity  of 
about  one  half  acre  per  hour.  The  majority  of  drills  were  pulled  by 
4  horses  at  rates  dependent  upon  size  of  implement  and  upon  local 
conditions.  For  the  10-foot  drills  pulled  by  4  horses,  Illinois  showed 
a  38  percent  higher  accomplishment  than  did  Indiana. 

In  Iowa  alone  were  enough  records  obtained  to  show  the  rate  of 
broadcast  seeding,  which  was  done  with  a  2-horse,  10-  to  11-foot 
outfit.  This  rate  was  slightly  higher  than  that  of  4  horses  pulling 
10-foot  drills.  On  end-gate  seeders,  2  horses  were  used  most  fre- 
quently; 4  horses  were  used  when  adverse  conditions  required  more 
power.  In  Illinois  the  rate  with  4  horses  was  7  percent  greater  than 
with  2  horses,  but  in  Iowa  it  was  12  percent  less. 

The  miaximum  difference  in  accomplishment  by  2  horses  pulling 
checkrow  planters  was  between  Illinois  and  Michigan.  Illinois 
showed  a  rate  50  percent,  about  6  acres,  greater  than  did  Michigan 
and  about  5^  acres  greater  than  Missouri.  Small  and  irregular  fields 
and  stones  may  account  for  some  of  these  differences. 

Row  drilling  of  beans  in  Michigan  was  done  with  plugged  drain 
drills.  The  accomplishment  by  two  horses  with  the  4-row  drill  was 
28  percent  greater  than  with  the  3-row  drill,  and  but  36  percent 
greater  than  with  the  2-row  drill.  These  differences  were  less  than 
expected,  for  it  had  been  anticipated  that  accomplishment  would  be 
more  nearly  in  proportion  to  the  size  of  implement. 

In  pulling  7-foot  rotary  hoes,  the  accomplishment  by  horses  com- 
pares favorably  with  that  by  tractors,  but  with  the  10}^-foot  imple- 
ment accomplishment  by  tractors  was  much  greater  than  by  horses. 
In  Illinois,  the  rate  for  2  and  3  horses  on  the  7-foot  size  was  slightly 
lower  than  for  the  2-plow  and  the  general-purpose  tractors,  while  on 
the  10}^-foot  size  the  accomplishment  by  4  horses  showed  a  normal 
increase  over  that  of  3  horses  on  the  smaller  implement. 

The  accomplishment  by  2-horse  teams  on  1-row  cultivators  was 
fairly  constant  in  all  States  except  Michigan  where,  due  to  stony  soil 
in  some  parts  and  to  small,  odd-shaped  fields,  the  rate  was  from  1  to 
1  li  acres  per  day  lower  than  in  any  other  State.  The  2-row  cultivator 
theoretically  should  cover  about  twice  the  ground  covered  by  a  1-row 
implement.  However,  two  horses  pulling  2-row  cultivators  covered 
only  1  acre,  or  14  percent,  more  than  with  the  1-row  implement. 
This  indicates  that  the  larger  outfits  were  underpowered.  Three 
horses  on  the  2-row  cultivator  increased  the  rate  of  accomplishment 
by  80  to  140  percent  over  that  of  2  horses  on  the  same  implement. 
Except  in  Missouri,  4  horses  on  a  2-row  cultivator  seem  to  have 
been  uneconomical  (fig.  10). 

Grain  binding  was  done  most  commonly  by  four  horses  pulling 
6-,  7-,  and  8-foot  binders.  With  few  exceptions  the  rates  indicate 
fairly  constant  duty  for  each  size  of  binder  per  foot  of  width,  irre- 
spective of  the  number  of  horses  used.  Considering  both  number  of 
horses  and  size  of  binder,  however,  3  horses  on  the  7-foot  machine 
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was  the  most  efficient  outfit  as  regards  horse  work,  and  4  horses 
on  the  8-foot  binder  was  next  in  efficiency.  Five  horses  pulling  the 
8-foot  binder  covered  a  greater  acreage  per  hour  than  did  any  other 
outfit. 

Only  in  Iowa  and  Michigan  were  sufficient  reports  obtained  on 
bound  and  shocked  corn  to  warrant  computation  of  average  rates  of 


Figure  10.— Cultivating  corn  with  2-row  cultivators. 

accomplishment  with  com  binders.  In  Michigan,  the  3-horse  outfits 
showed  a  higher  rate  than  the  2-horse  outfits;  also  a  9  percent  greater 
accomplishment  than  the  3-horse  outfits  in  Iowa. 

Michigan  was  the  only  State  in  which  records  were  obtained  from 
farms  growing  navy  beans.     The  hourly  rate,  0.73  acre,  for  pulling 


FiouRK  11.— Mowing  alfalfa  with  2-horse  teams  and  high-lift  mowers. 

beans,  with  2  horses,  exceeded  that  of  2  horses  on  a  2-row  cultivator 
by  about  11  percent. 

Records  of  mowing  hay  by  2  horses  with  5-  and  6-foot  mowers, 
showed  higher  average  accomplishment  with  the  6-foot  mower 
(fig.  11).  In  Missouri  the  increase  w^as  only  6  percent,  but  in  Illinois 
it  was  30  percent,  for  the  farms  surveyed.  The  difference  in  duty 
of  15  percent  found  in  Iowa  between  5-  and  6-foot  mowers  very  closely 
approaches  the  theoretical  figure  of  17  percent. 
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Rate  of  accomplishment  by  2-horse  teams  pulling  side-delivery 
rakes  were  not  found  to  vary  greatly.  The  lowest  rate,  in  Iowa,  was 
only  14  percent  less  than  the  highest,  in  Illinois.  Two-horse  teams 
pulling  dump  rakes  in  Iowa  and  Missouri  had  closely  similar  rates, 
about  9  percent  less  than  the  rates  in  the  other  three  States. 

COSTS  OF  POWER 

Annual  costs  of  using  different  power  units  and  total  power  costs 
on  different  types  of  farms  were  influenced  greatly  by  the  yearly  power 
requirements  and  the  prices  of  equipment,  supplies,  and  labor. 
Differences  in  power  costs  on  individual  farms  were  caused  (1)  for 
tractors,  by  variations  in  kinds  and  amounts  of  fuel  and  lubricants, 
depreciation,  repairs,  and  chore  and  upkeep  labor;  (2)  for  horses, 
by  variations  in  chore  labor,  kinds  and  amounts  of  feed  and  bedding, 
harness  maintenance,  shoeing,  veterinary  service  and  medicine,  ap- 
preciation, and  colt  credit;  and  (3)  for  trucks,  by  variations  in  amounts 
of  fuel  and  lubricants,  depreciation,  repairs,  tire  and  battery  replace- 
ments, and  chore  and  upkeep  labor.  No  data  were  obtained  on  costs 
of  shelter,  insurance,  and  taxes  on  power  equipment,  but  these  items 
constitute  only  a  small  part  of  the  total  cost  of  the  power. 

COST  OF  USING  TRACTORS 

FIRST    COST,    ESTIMATED    LIFE,    AND    AGE    OF    TRACTORS 

The  average  first  cost  of  the  2-plow  tractors  was  $872,  of  the  3-plow 
tractors,  $1,278,  and  of  the  general-purpose  tractors,  $890.  Only 
tractors  purchased  new  were  included  in  the  study,  and  the  purchase 
price  did  not  include  any  tractor  equipment.  The  above  figures  are 
averages  of  individual  costs  including  fluctuations  with  date  of  pur- 
chase, local  conditions,  and  terms  of  contract. 

Each  tractor  owner  gave  an  estimate  of  the  useful  life  of  his  tractor. 
For  71  percent  of  the  tractors,  these  estimates  were  from  7  to  10  years, 
21  percent  were  in  excess  of  10  years,  and  8  percent  were  6  years  or 
less.  Within  the  7-  to  10-year  range  were  80  percent  of  the  general- 
purpose  tractors,  70  percent  of  the  2-plow  tractors,  and  67  percent 
of  the  3-plow  tractors.  Individual  estimates  ranged  from  4  to  20 
years,  with  the  largest  number  occurring  at  10  years  for  each  tractor 
type.  Of  the  three  operators  who  estimated  20  years,  two  already 
had  used  their  tractors  9  years  and  the  third  operator  12  years. 

For  all  tractors  included,  the  average  period  of  use  up  to  the  time 
of  the  survey  was  3.6  years,  for  3-plow  tractors  4.3  years,  for  2-plow 
tractors  3.8  years,  and  for  general-purpose  tractors  2  years.  Ninety 
of  the  tractors  were  2  years  old,  including  thirty-one  2-plow,  thirty- 
one  general-purpose,  and  twenty-eight  3-plow  tractors. 

FUEL    AND    LUBRICANTS    USED    IN    TRACTORS 

The  amounts  of  fuel,  oil,  and  grease  used  in  tractors  on  the  home 
farm  annually  and  per  hour  of  operation  are  shown  in  table  10. 
.Quantities  used  on  individual  farms  vary  with  the  ability  and  care  of 
the  operator,  the  age  and  condition  of  the  tractor,  the  varying  loads, 
and  soil  conditions.  The  figures  in  the  table  are  based  on  one 
hundred  and  fifty-six  2-plow,  one  hundred  and  twenty-four  3-plow, 
and  seventy-nine  general-purpose  tractors  and  include  all  drawbar 
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and  belt  operations  on  the  home  farm.     Gasoline  for  startinj^,  when 
other  fuels  are  used,  is  included  in  the  figures. 

Table  10. — Fuel  and  lubricants  used  per  tractor  on  the  home  farm 


Oper- 
ating 
time 
per 
year 

Average  quantity  ased  per  year 

.\verage  quantity  used 
per  hour 

Kind  of  work  ond 
type  of  tractor 

Fuel 

Oil 

Grease 

All 
fuels 

Oil 

Oaso- 
line 

Kero- 
sene 

Fuel 
oU 

Total 

Grease 

Drawbar  work: 

2-plow 

Hours 
269 
256 
433 

32 
41 
38 

GaUons 
104 
275 
156 

17 
46 
15 

Gallons 
402 
315 
607 

36 
46 

48 

Gallons 
9 
70 

1 

8 

Gallons 
515 
660 
763 

54 
100 
63 

Gallons 
21.9 
26.2 
31.1 

Z7 
4.2 
3.0 

Pounds 
11.5 
11.7 
12.8 

1.4 
1.9 
1.2 

Gallons 
1.9 
2.6 
1.8 

1.7 
2.4 
1.6 

Gallons 

0.08 

.10 

.07 

.08 
.10 
.08 

Pounds 
0.043 

3-plow_ 

.046 

Genoral-purpose. 
Belt  work: 
2-plow 

.030 
.043 

3-plow 

.046 

General-purpose. 

.030 

Kerosene  is  the  fuel  most  commonly  used  in  the  areas  surveyed. 
It  was  used  exclusively  by  67  percent  of  all  operators  interviewed. 
It  was  used  by  77  percent  of  the  2-plow-tractor  operators,  by  45  per- 
cent of  the  3-plow^-trac tor  operators,  and  by  80  percent  of  the  general- 
purpose-tractor  operators.  Fuel  oil  was  used  by  15  percent  of  the 
three-plow-tractor  operators. 


COST  PER  YEAR  AND  PER  HOUR 


The  cost  per  year  and  per  hour  of  using  tractors  and  the  percentage 
of  total  cost  for  specified  items  of  expense  in  1 929  are  shown  in  table  1 1 . 
The  total  cost  of  using  tractors  comprises  (1)  the  variable  costs  of 
fuel,  lubricants,  chore  labor,  repairs  and  expert  labor,  and  farm  repair 
labor,  and  (2)  the  fixed  costs  of  depreciation  and  interest  on  investment. 

Table  11. — Average  cost  of  using  tractors  on  the  home  farm,  1929 


2-plow  tractors 

Item 

Quantity 
per  year 

Cost 

Portion 
of  all 
costs 

Per  year 

Per  hour 

Home  work 

tractor-hours. . 

.  301 

24.6 
12.9 
21.3 

Dollars 

Dollar 

Percent 

Fuel' 

Oil*                       

gallons.. 

.  .    .                 .       do    . 

7H.75 
16.93 
1.94 
6.08 
14.20 
1.62 

0.281 
.056 
.006 
.020 
.047 
.000 

32.5 
Q.9 

Grease* 

Chore  labor  * 

pounds-- 

man-hours. . 

.8 
2.5 

Repairs  and  expert  labor. 

5.9 

Farm  repair  labor  * 

man-hours- 

5.7 

.7 

Total  variable  cost 

119.52 

.396 

49.3 

Depreciation* 

96.76 
26.17 

.321 
.087 

39.9 

Interest  * 

ia8 

Total  fixed  cost 

122.93 

.406 

60.7 

Total  of  all  costs  i 

242.45 

.804 

100.0 

1  Fuel  at  average  price  of  13.9  cents  per  gallon. 
»  Oil  at  average  price  of  68  cents  per  gallon. 

•  Grease  at  average  price  of  15  cents  per  pound. 

«  Chore  labor  and  farm  repair  labor  at  average  price  of  28H  cents  per  hour. 
»  Annual  charge  per  machine  based  on  estimated  life. 

•  Annual  charge  per  machine  based  on  one  half  first  cost  at  6  percent. 

"f  Not  including  shelter,  taxes,  or  insurance  for  tractor  or  wages  for  operator. 
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Table  11. — Average  cost  of  using  tractors  on  the  home  farm,  1929 — Cont'nued 


3-plow  tractors 

Item 

Quantity 
per  year 

Cost 

Portion 
of  all 
costs 

Per  year 

Per  hour 
Dollars 

Homework 

tractor-hours.. 

gallons.. 

....do.... 

pounds.. 

man-hours.. 

297 
7C0 
30.4 
13.6 
22.5 

Dollars 

Percent 

Fueli 

0112.. - 

Grease  3 

Chore  labor  * 

Repairs  and  expert  labor 

105.  ee 

20.78 
2.03 
6.42 

26.28 
2.35 

0.356 
.070 
.007 
.022 
.088 
.008 

31.5 

6.2 

.6 

1.9 

7  9 

Farm  repair  labor  *... 

man-hours.. 

8.3 

.7 

Total  variable  cost 

163.  52 

.551 

48  8 

Depreciation  *    ..... .  . 

133.  39 
38.35 

.449 
.129 

39  8 

Interest  6 

11.4 

Total  fixed  cost 

171.74 

.578 

51  2 

Total  of  all  costs  "> 

336.  26 

1.129 

100  0 

General-purpose  tractors 

Item 

Quantity 
per  year 

Cost 

Portion 
of  all 
costs 

Per  year 

Per  hour 

tractor-hours.. 

471 
826 
34.1 
14.0 
33.2 

Dollars 

Dollar 

Percent 

Fuel'.. 

Oil'.- 

Grease*.. 

Chore  labor  * . 

Repairs  and  expert  labor 

gallons.. 

do..-. 

pounds.. 

man-hours.. 

115.01 
23.31 
2.10 
9.45 
6.93 
.91 

0.244 
.049 
.004 
.020 
.015 
.002 

40.0 

8.1 

.7 

3.3 

2.4 

Farm  repair  labor  * 

man-hours.. 

3.2 

.3 

Total  variable  cost . 

157.  71 

.334 

54.8 

Depreciation  * 

103.  26 
26.69 

.219 
.057 

35  9 

Interest* 

9.3 

Total  fixed  cost ... 

129. 95 

.276 

45.2 

Total  of  all  costs  ^ 

287.  66 

.610 

100  0 

»  Fuel  at  average  price  of  13.9  cants  per  gallon. 

*  Oil  at  average  price  of  68  cents  per  gallon. 

»  Grease  at  average  price  of  15  cents  c.r  pound. 

*  Chore  labor  and  farm  repair  Idbor  at  average  price  of  28H  cents  per  hour. 
»  Annual  charge  p?r  machine  basad  on  estimated  lite. 

*  Annual  charge  per  machine  bas^d  on  one  h  ilf  first  cost  at  6  pT-rcent. 

T  Not  Including  shelter,  taxes,  or  insurance  for  tractor  or  wages  for  operator. 

The  variable  costs  ranged  from  49  to  55  percent  of  the  total  cost 
for  the  different  tractors,  and  fixed  costs  from  45  to  51  percent. 
Depreciation  alone  constituted  over  one  third  of  the  total.  Fuel 
and  lubrication  were  40  percent  of  the  total  cost  for  2-plow  tractors, 
38  percent  for  3-plow  tractors,  and  49  percent  for  general-purpose 
tractors.  Repair  costs  were  highest  on  the  3-plow  tractors  and  low- 
est on  the  general -purpose  tractors,  possibly  influenced  by  the  aver- 
age ages  for  the  different  types.  (The  2-plow  tractors  averaged  1.8 
years  and  the  3-plow  tractors  2.3  years  older  than  the  general-purpose 
tractors.) 

Total  variable  costs  are  closely  associated  with  tractor  usage,  hence 
these  costs  and  the  total  costs  for  the  year  were  considerably  lower 
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for  the  2-plow  tractors  than  for  the  general-purpose  tractors  which 
were  used  an  average  of  170  hours  more.  The  cost  per  hour,  how- 
ever, varies  inversely  with  hours  of  use,  which  gives  an  economic 
advantage  to  the  tractors  doing  the  most  work. 

Since  the  cost  figures  shown  in  table  11  were  obtained,  prices  of 
the  variable  items  have  declined  so  that  in  1931  and  1932  the  cost  of 
using  tractors  was  considerably  lower,  for  the  same  amount  of  work, 
than  in  1929.  In  table  12  are  shown  estimated  costs  per  year  and 
per  hour  based  on  prices  prevailing  during  the  year  ended  June  30, 
1932.  As  there  has  been  no  appreciable  change  in  the  first  cost  of 
tractors,  depreciation  and  interest  charges  amount  to  the  same  as 
before.  Because  of  these  price  declines  the  hourly  cost  for  2-plow 
tractors  appears  about  12  percent  lower,  for  3-plow  tractors  10  per- 
cent, and  for  general-purpose  tractors  14  percent  lower  in  1932  than 
in  the  year  of  survey. 


Table  12. — Average  cost  of  using  tractors  calculated  at  1931-S2  prices 

[Based  on  quantities  per  year  as  found  in  1929] 


2-plow  tractors 

Item 

Quantity 
per  year 

Cost 

Portion 
of  all 
costs 

Per  year 

Per  hour 

Home  work 

301 
569 
24.6 
12.9 
21.3 

Dollars 

Dollar 

Percent 

Fuel* 

OU» 

Grease* 

Chore  labor  * 

Repairs  and  expert  labor 

gallons.. 

-- do  ... 

pounds.. 

man-hoiu-s— 

56.44 

14.  66 

1.94 

2.88 

14.20 

.77 

0. 187 
.049 
.006 
.010 
.017 
.003 

26.4 
6.9 
.9 
1.3 
6.6 

Farm  repair  labor  « 

-. man-hours.. 

5.7 

.4 

Total  variable  cost 

90.88 

.  302 

42.5 

Depreciation* 

9(i.  7ti 
26.  17 

.6^1 

.087 

45.0 

12.2 

Interest ' 

Total  fixed  cost 

122.93 

.108 

57.5 

Total  of  all  costs* 

.213.81 

.710 

100  3 

3-pIow  tractors 

Item 

Quantity 
per  year 

Cost 

Portion 
of  all 
costs 

Per  year 

Per  hour 

Home  week 

tractor-hours. . 

- pallons. - 

.do 

297 
760 
30.1 
13.6 
22.5 

Dollars 

DoUara 

Percent 

Fuel* 

OU» 

78.16 

17.98 

2.03 

3.04 

26.28 

1.12 

0.263 
.061 
.007 
.010 
.088 

.mi 

J6.e 
6.0 

Grease* 

Chore  labor  » 

pounds.- 

.7 
1.0 

Repairs  and  expert  labor 

8.7 

Farm  repair  labor  ' 

man-hours.- 

8.3 

.4 

Total  variable  cost 

12S  61 

.433 

42.8 

Depreciation* 

133.39 
.38.35 

.449 
.129 

'        44.4 

Interest ' 

12.8 

Total  fixed  cost 

171.71 

.578 

57.  t 

Total  of  all  costs  » 



300.35 

1.011 

100.0 

»  Average  for  period  July  1,  1931,  to  June  30,  1932. 
»  Fuel  at  average  price  of  U)  cent?  per  gallon. 

•  Oil  at  average  price  of  59  cents  per  gallon. 

<  Grease  at  average  price  of  15  cents  per  pound. 

»  Chore  labor  and  farm  repair  labor  at  13^  cents  per  hour.  • 

•  Annual  charge  per  machine  based  on  estimated  life. 

»  Annual  charge  per  machine  based  on  one  half  first  cost  at  6  percent. 

•  Mot  Including  shelter,  taxes,  or  insurance  for  tractor  or  wages  for  operator. 
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Table  12. — Average  cost  of  using  tractors  calculated  at  1931-32  'prices — Contd. 


Item 


Homework : tr«ictor-hours. 

Fuel ' gallons. 

Oil* - do... 

Grease  * : pounds. 

Chore  labor  « man-hours. 

Repairs  and  expert  labor 

Farm  repair  labor  * man-hours. 

Total  variable  cost 


Depreciation  6. 
Interest " 


Total  fixed  oost... 
Total  of  all  costs  s. 


General-purpose  tractors 


Quantity 
per  year 


471 

826 

34.1 

14.0 

33.2 


3.2 


Cost 


Per  year    Per  hour 


Dollars 


81.95 

20.18 

2.10 

4.48 

6.93 

.43 


116. 07 


103. 26 
26.69 


129. 95 


246. 02 


Dollar 


0.174 
.043 
.004 
.010 
.015 
.001 


247 


,219 
,057 


,276 


,  523 


Portion 
of  all 
costs 


Percent 


33.3 
8.2 

.9 
1.8 
2.8 

.2 


47.2 


42.0 
10,8 


52.8 
100.0 


»Fuel  at  average  price  of  10  cents  per  gallon. 
3  Oil  at  average  price  of  59  cents  per  pallon. 

*  Grease  at  average  price  of  15  cents  per  pound. 

=  Chore  labor  and  farm  repair  labor  at  1354  cents  per  hour. 

•  Annual  charge  par  machine  based  on  estimated  life. 

7  Annual  charge  per  machine  based  on  one  half  first  cost  at  6  percent. 

» Not  including  shelter,  taxes,  or  insurance  for  tractor  or  wages  for  operator. 

COST  OF  USING  HORSES 


FEED 

The  average  yearly  amounts  of  feed  reported  consumed  per  head 
by  the  work  stock  in  the  various  States  and  areas  are  shown,  according 
to  the  type  of  farm,  in  table  13.  Marked  differences  are  evident  both 
in  the  kinds  and  proportions  of  the  concentrates,  roughage,  and 
pasture  used. 
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With  concentrates,  for  example,  although  the  data  indicate  that 
on  a  pound  for  pound  basis  corn  and  oats  were  used  almost  equally  in 
these  Corn  Belt  States  as  a  whole,  the  records  taken  in  Michigan  show 
that  practically  no  corn  was  fed  to  work  stock;  wdiile  in  Missouri 
considerably  more  corn  than  oats  appeared  in  the  average  ration. 
Other  States  and  areas  showed  varying  proportionate  uses  of  corn 
and  oats  depending  on  feeding  preference,  system  of  farming,  local 
conditions,  and  other  factors.  It  is  evident,  however,  that  no  other 
concentrates  than  corn  and  oats  were  given  serious  consideration  by 
Corn  Belt  farmers,  for  the  only  other  grain  and  grain  substitute  feeds 
used  were  mixtures  of  wheat  and  oats,  barley,  and  linseed  meal,  and 
these  in  only  scattered  instances  and  small  quantities. 

Variations  in  the  kinds  of  roughage  fed  were  quite  decided  in  some 
areas  and  States.  For  example,  many  Michigan  and  Iowa  farmers 
showed  a  marked  tendency  toward  the  extensive  use  of  legume  hays 
for  work  stock.  Illinois  area  1  and  Indiana  area  2  operators,  on  the 
other  hand,  utilized  especially  large  quantities  of  straw  and  stover. 
The  only  State  in  which  nonlegume  hays  found  especially  great  favor 
was  Missouri,  particularly  in  area  2.  Mixed  hays  were  fed  heavily 
in  various  areas  of  all  the  States  except  Illinois.  All  the  data  con- 
sidered, there  was  a  pronounced  tendency  shown  to  depart  from  the 
old  practice  of  relying  almost  solely  on  a  nonleguminous  roughage,  such 
as  timothy  hay,  and  to  substitute  therefor  large  amounts  of  straw 
or  stover  combined  either  with  a  legume  or  mixed  hay.  In  the  use 
of  legume  hays  there  frequently  appears  to  be  a  relationship  between 
the  quantity  of  such  roughage  fed  and  the  quantity  of  stiaw  and 
stover  in  the  ration.  The  data  indicate  that  on  the  average  high 
legume-hay  feeding  is  accompanied  by  a  corresponding  high  consump- 
tion of  straw  or  stover.  This  is  particularly  noticeable  in  the  feeding 
of  w^ork  stock  owned  by  big-team-hitch  operators.  This  shift  in 
roughage-feeding  practice,  moreover,  seems  to  be  directly  correlated 
with  the  increased  use  of  corn  and  probably  marks  the  passing  of  that 
time-honored  combination  of  oats  and  timothy  hay  as  the  headliner 
on  the  work-stock  bill  of  fare  in  the  Corn  Belt. 

Another  outstanding  feeding  fact  indicated  by  the  data  is  the 
amount  of  cornstalk  pasture  now  generally  being  utilized  throughout 
the  Corn  Belt  States  for  work  stock.  Approximately  one  fouith  of  all 
pasture  used  on  the  farms  studied  was  cornstalk.  Such  pasture  was 
used  most  by  certain  operators  in  Illinois,  Iowa,  and  Indiana,  while 
very  little  of  it  was  used  in  Michigan.  The  use  of  cornstalk  pasture 
is  quite  evidently  very  closely  correlated  with  the  tj^pe  of  farming 
followed,  although  there  w^ere  instances  when  cornstalk  pasture  was 
available  but  was  used  by  other  kinds  of  livestock  to  the  exclusion  of 
work  stock.  That  grass  pasture  was  relied  upon  to  a  great  extent 
by  all  work-stock  owners  is  shown  by  the  fact  that  all  four  groups  of 
power  users  averaged  approximately  4  n  onths  or  more  per  head  of 
this  feed.  Owners  in  Missouri  and  Iowa  were  especially  heav^^  users 
of  grass  pasture.  In  contrast  to  the  extensive  use  of  grass  and  corn- 
stalk pasture  is  the  small  reported  utilization  of  ?rain-stubble  pasture. 
In  view  of  the  acreage  of  such  pasture  available  in  the  areas  studied  it 
would  seem  that  greater  use  should  have  been  made  of  it. 

Very  little  succulent  feed  other  than  pasture  was  reported.  There 
were  a  few  cases  where  corn  silage  was  fed  to  work  stock,  and  cut 
green  corn  was  also  used  on  a  small  number  of  farms. 
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The  summary  of  the  average  amounts  of  various  kinds  of  feed  used 
per  head  on  the  farms  utilizing  different  types  of  power  shows  that 
farms  on  which  tractors  were  owned  used  slightly  smaller  quantities 
of  grain  per  head  annually  (199  pounds),  a  little  more  roughage  (280 
pounds),  and  less  pasture  (one  half  month)  than  did  farms  relying 
solely  on  horses  and  mules  for  their  power.  The  excess  of  grain  fed 
to  work  stock  on  ordinary  horse  and  big-team-hitch  farms  as  compared 
to  farms  with  tractor  power  is  probably  accounted  for  by  the  fact 
that  the  animals  on  horse  farms  worked  more  days  per  head  per  year 
and  on  the  average  did  harder  work  that  required  heavier  feeding. 
The  difference  in  the  work  done  annually  by  work  stock  is  set  forth  in 
table  7.  The  smaller  amount  of  roughage  used  by  horses  and  mules 
on  farms  using  animal  power  only  is  compensated  for  by  their  greater 
use  of  pasture.  This  practice  of  maximum  pasture  utilization  is 
generally  to  be  commended,  for  when  suitable  pasture  is  available  idle 
horses  and  mules  should  spend  the  major  portion  of  their  tim.e  on  it. 

An  interesting  study  in  feed  utilization  is  presented  by  the  records 
of  big-team-hitch  operators.  These  owners  as  a  whole,  although  they 
worked  the  largest  horses  and  mules  and  averaged  the  greatest  num- 
ber of  days  of  work  per  head  per  year  (table  7),  used  less  grain  per 
animal  than  did  ordinary  horse  operators  and  only  slightly  more  than 
did  ordinary-tractor  and  general-purpose-tractor  owners,  but  they 
pastured  more  than  any.  Such  utilization  of  pasture  combined  with 
the  feeding  of  the  largest  average  quantities  of  legume  hays  were  no 
doubt  important  factors  in  keeping  down  concentrate  consumption. 
The  fact  that  such  owners  fed  the  most  roughage  per  head  is  probably 
of  little  consequence  from  a  cost  standpoint  because  they  were  the« 
heaviest  users  of  straw  and  stover  which  are  normally  low-cost  feeds. 
Another  example  of  the  value  of  pasture  utilization  is  shown  in  the 
comparison  of  feed  used  on  ordinary-tractor  with  that  used  on  general- 
purpose-tractor  farms.  General-purpose-tractor  o^^iQers  used  their 
work  stock  about  the  same  number  of  days  per  horse  as  the  ordinary- 
tractor  owners,  but,  by  pasturing  their  animals  on  the  average  a 
month  more,  were  able  to  cut  down  the  amount  of  both  grain  and 
roughage  required  per  year  below  that  of  ordinary-tractor  operators. 

Examination  of  the  work  records  of  horses  and  mules  concerned  in 
this  survey,  an  analysis  of  the  kinds  and  amounts  of  feed  used  in 
their  maintenance,  and  a  study  of  the  methods  of  work-stock  manage- 
ment indicate  that  many  Corn  Belt  operators  are  paying  too  much 
for  their  animal  power  due  variously  to  carelessness,  feeding  wastes, 
poor  judgment,  and  improper  handling.  Examples  of  improper  man- 
agement are  evident  in  cases  where  operators  neglected  to  make  the 
greatest  utilization  of  available  pasture  and  cheap,  coarse  feeds  during 
periods  of  idleness  and  light  work.  There  was,  moreover,  a  tendency 
in  too  many  instances  to  overfeed  idle  animals,  or  those  at  inter- 
mittent work,  with  expensive  concentrates.  For  example,  many  op- 
erators neglected  to  reduce  the  grain  portion  of  the  ration  on  idle 
days  when  conditions  warranted  such  procedure.  This  both  endan- 
gered the  health  of  the  animals  and  increased  the  quantity  of  grain 
feeds  used.  Moreover,  it  is  thought  that  the  large  roughage  con- 
sumption per  head  in  many  cases  was  due  to  the  waste  of  edible  hay. 
It  is  realized  that  the  operators  in  all  areas  surveyed  cannot  feed  and 
nhanage  their  work  stock  in  the  same  way.  Varying  local  and  cli- 
matic conditions,  the  type  of  farm  and  system  of  farming  used,  and 
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other  reasons  make  such  procedure  impossible.  These  facts,  how- 
ever, do  not  warrant  the  adoption  of  a  wasteful  feeding  policy  and 
poor  method  of  management,  such  as  was  practiced  by  some  when 
they  used  large  quantities  of  straw  and  other  coarse  roughage  almost 
exclusively  in  the  heavy-work  season,  and  consequently  had  to  feed 
excessive  quantities  of  costly  concentrates  in  order  to  maintain  the 
nutritive  balance  of  the  ration. 

Approved  methods  of  feeding  and  handling  work  horses  and  mules 
are  of  vital  importance  to  every  farmer  using  animal  power.  By 
studying  closely  the  individual  needs  of  each  animal  and  feeding  it 
properly  throughout  the  year  health  and  working  efficiency  are  main- 
tained and  great  annual  saving  in  total  feed  costs  are  often  made 
possible.  In  most  instances  it  is  recommended  that  work  stock  be 
fed  solely  on  home-grown  feedstuffs.  By  following  this  practice  the 
operator  utilizes  considerable  quantities  of  nonsalable  feeds,  particu- 
larly roughages,  and  has  no  great  cash  outlays  for  feed.  The  maxi- 
mum use  of  pasture  for  Corn  Belt  work  stock  is  also  very  essential 
to  animal  welfare  and  low  maintenance  costs.  Stabling  is  an  artifi- 
cial practice  and  both  horses  and  mules  are  normally  healthier  when 
allowed  to  be  in  the  open  on  good  pasture.  Savings  in  feed  and 
elimination  of  chore  labor  in  grooming  and  stable  cleaning  are  also 
benefits  derived  from  this  plan. 

COST  PER  YEAR  AND  PER  HOUR 

The  average  cost  of  horse  work  on  the  home  farms,  the  amounts  of 
the  cost  items,  and  the  ratio  of  each  to  the  total  are  shown  for  the 
different  types  of  farms  in  table  14,  together  with  the  items  of  credit 
and  the  net  cost  of  using  horses. 
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Chore-labor  costs,  based  on  farmers'  estimates,  averaged  23.5  cents 
per  hour  on  the  horse  farms  and  24.9  on  the  tractor  farms.  Feed  costs 
for  1929  were  estimated  from  average  farm  vahies,  determined  by  the 
Division  of  Livestock  and  Crop  Estimates,  Bureau  of  Agricultural 
Economics,  as  follows:  Corn  78,  oats  42,  and  barley  60  cents  per 
bushel;  oil  meal  $3.16  per  hundred  pounds;  legume  hay  $13.76,  mixed 
and  nonlegume  hay  $10.95,  stover  $3.88,  straw  $4.36,  and  succulent 
roughage  $4.63  per  ton.  Straw  for  bedding  was  valued  at  $3.97  per 
ton,  and  pasture  at  $1.41  per  month,  based  on  farmers'  estimates. 
Depreciation  or  appreciation  represents  the  difference  in  value  of  the 
work  stock,  including  all  3-year-old  colts  which  were  used  during  the 
year,  at  the  beginning  and  the  end  of  1929.  Interest  was  computed 
at  6  percent  on  the  average  work-stock  investment.  Colt  credit  was 
computed  by  subtracting  the  cash  payments  for  breeding  fees  from 
the  value  of  the  colts  born  during  the  year.  Credit  for  manure  was 
computed  according  to  average  values  per  horse  estimated  by  the 
experiment  stations,  $8  in  Illinois,  $10  in  Indiana,  $11.39  in  Iowa,  $15 
in  Michigan,  and  $10  in  Missouri. 

The  variable  cost,  of  which  feed  was  much  the  largest  item,  was 
92.0  to  94.3  percent  of  the  total  cost  of  using  horses. 

The  depreciation  charges  are  low  compared  to  those  found  in 
earlier  studies,  probably  because  of  much  lower  valuation  placed  on 
the  horses  and  of  a  greater  use  of  horses  being  made  and  anticipated. 
On  the  2-plow-tractor  farms  the  value  of  the  work  stock  appre- 
ciated slightly,  rather  than  depreciated,  during  the  year.  Of  the 
credits,  manure  was  much  the  largest.  Colt  credit  was  more  than 
four  times  as  great  for  the  big- team-hitch  farms  as  for  any  other 
group,  which  may  be  accounted  for  partly  by  the  fact  that  on  some 
of  these  farms  stallions  were  owned  and  so  there  were  no  breeding  fees. 

The  net  yearly  cost  of  keeping  work  horses  was  lowest  per  farm  for 
the  general-purpose-tractor  farms  and  highest  for  the  big- team-hitch 
farms.  The  average  net  yearly  costs  per  horse,  however,  were  $96 
for  the  ordinary  horse  farms,  $86.53  for  the  big- team-hitch  farms, 
$93.05  for  the  2-plow-tractor  farms,  $95.64  for  the  3-plow-tractor 
farms,  and  $92.31  for  the  general-purpose-tractor  farms.  (These 
computations  are  based  on  number  of  horses  to  nearest  one  tenth.) 
The  net  cost  of  horse  work  per  hour  was  lowest  for  the  big-team- 
hitch  farms,  11.8  cents,  which  was  2.1  cents  less  than  for  the  ordinary 
horse  farms.  Among  the  tractor  farm  groups,  the  greatest  differ- 
ence in  average  cost  per  hour  was  only  0.4  cent,  and  among  all  the 
groups  the  greatest  difference  was  2.7  cents  between  the  big- team- 
hitch  farms  and  the  2-plow-tractor  farms. 

Table  15  shows  the  average  costs  of  horse  work  estimated  on  the 
basis  of  prices  prevailing  in  the  year  ended  June  30,  1932,  and 
amounts  of  work  as  determined  by  the  survey  in  1929.  (See  table 
14.)  The  decline  in  the  prices  of  the  variable  items  was  considerably 
greater  for  horse-work  costs  than  for  tractor-work  costs. 
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Prices  in  1931-32  for  the  labor  and  feed  were  considerably  below 
those  of  1929.  Chore  labor  averaged  11.6  cents  per  hour  on  horse 
farms  and  13.5  cents  on  tractor  farms.  Feed  prices  were  as  follows: 
Corn  32  cents,  oats  20  cents,  and  barley  29  cents  per  bushel;  oil 
meal  $1.93  per  hundred  pounds;  legume  hay  $9.58,  mixed  and  non- 
legume  hay  $7.35,  stover  $2.64,  straw  $2.88,  and  succulent  roughage 
$2.16  per  ton.  Pasture  of  various  kinds  averaged  95  cents  per  month. 
Because  prices  of  horses  have  not  changed  appreciably  since  1929, 
depreciation  and  interest  charges  amount  to  the  same  as  before. 
Price  declines,  of  which  that  for  feed  has  been  the  greatest,  are  shown 
by  table  15  to  have  reduced  the  cost  per  hour  for  horse  work  on 
3-plow-tractor  farms  about  44  percent,  and  on  all  the  other  types  of 
tractor  and  horse  farms  about  46  percent,  from  those  shown  for  1929. 

COST  OF  USING  MOTOR  TRUCKS 

COST    PER    YEAR    AND    PER    HOUR 

The  133  motor  trucks  on  the  farms  surveyed  ranged  in  size  from 
one-half  to  2  tons;  99  were  from  1  to  1}^  tons.  The  average  use  of 
these  trucks,  not  including  40.5  hours  of  custom  work,  was  168  hours 
of  which  130  hours  were  for  road  work. 

The  total  yearly  cost  of  using  these  trucks  for  work  connected  with 
the  home  farm  averaged  $147.06,  or  87.4  cents  per  hour  of  use.  The 
variable  cost — comprising  items  for  fuel,  oil,  grease,  license,  chores, 
farm  repair  labor,  and  expert  labor  and  repairs — was  $66.58,  or  45.3 
percent  of  the  total.  The  largest  single  item  of  these  was  for  repairs 
and  expert  labor,  $29.81  or  20.3  percent  of  all  costs.  Probably  it 
was  large  because  58  of  the  trucks  had  been  purchased  second-hand. 
The  fixed  cost  for  depreciation  and  interest  on  investment  was  $80.48, 
or  54.7  percent  of  the  total.  Interest,  computed  at  6  percent  on 
one  half  the  purchase  price  to  present  owner  was  $15.20.  Deprecia- 
tion alone  was  $65.28  or  44.4  percent  of  all  costs.  License  fees 
averaged  equal  to  interest  charges,  10.3  percent  of  the  total. 

Truck  hire  on  the  farms  owning  trucks  averaged  $39.58  for  the 
year,  in  addition  to  the  cost  of  the  work  done  by  the  owned  trucks. 

COST    OF    USING   TRUCKS    IN    1931-32 

Prices  in  1931  and  1932  of  certain  cost  factors  were  somewhat  lower 
than  those  existing  in  1929.  The  prices  of  trucks  in  1931  and  1932 
were  very  little  diflerent  than  those  in  effect  in  1929.  Cost  of  gasoline 
including  State  tax  showed  a  decline  of  25  percent,  oil  13  percent,  and 
farm  labor  53  percent.  (See  tables  11  and  12.)  Based  upon  the 
same  annual  use  as  obtained  in  1929  variable  costs  for  the  12  months 
from  July  1,  1931,  to  June  30,  1932,  would  amount  to  $60.81  or  36.1 
cents  per  hour,  a  decrease  of  about  9  percent.  With  the  same  esti- 
mated life  depreciation  and  interest,  which  constitute  fixed  cost,  would 
remain  unchanged.  The  total  of  all  costs  for  the  more  recent  period, 
exclusive  of  operator  labor,  would  amount  to  $141.29,  or  84  cents 
per  hour,  a  decrease  of  3.4  cents  per  hour  as  compared  with  1929  costs. 
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COST  OF  POWER  ON  TRACTOR  FARMS 

The  average  cost  per  farm  and  per  crop  acre  for  all  power,  both 
owned  and  hired,  used  on  the  tractor  farms  surveyed  is  shown  in 
table  16.  The  cost  of  man  labor  to  operate  owned  power  units  is  not 
included,  but  the  cost  of  labor  comprising  part  of  the  charge  for  hired 
power  units  is  included.  Miscellaneous  costs  shown  comprise  ex- 
penses for  work  done  by  stationary  gas  engines,  steam  engines,  and 
electric  motors. 
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For  all  the  tractor  farms,  the  average  annual  cost  of  all  power 
was  $1,029  per  farm,  or  $5.12  per  crop-acre.  Of  this  amount,  $176  or 
17  percent  was  for  hired  power.  The  highest  average  annual  cost  was 
for  the  3-plow -tractor  farms;  the  lowest,  for  the  general-purpose- 
tractor  farms,  w^as  slightly  less  than  for  the  2-plow-tractor  farms. 
Cost  of  power  furnished  by  owned  units  comprised  80  percent  of  the 
total  on  the  2-plow-tractor  farms,  86  percent  on  the  3-plow-tractor 
farms,  and  81  percent  on  the  general-purpose- tractor  farms.  Of  the 
total  cost  of  power  furnished  by  owned  units,  tractor  drawbar  work 
accounted  for  29  percent  on  the  2-plow-tractor  farms,  28  percent 
on  the  3-plQw- tractor  farms,  and  35  percent  on  the  general-purpose- 
tractor  farms,  while  work  with  owned  horses  accounted  for  64  percent 
on  the  2-plow-tractor  farms,  61  percent  on  the  3-plow-tractor 
farms,  and  54  percent  on  the  general-purpose-tractor  farms.  The 
remaining  cost  was  for  tractor  belt  work,  truck  hauling,  and  power 
from  gas  engines  and  electric  motors. 

The  average  cost  per  crop-acre  was  lowest  for  the  general-purpose- 
tractor  farms  as  a  whole,  and  for  each  size  group  of  those  farms  with 
but  two  exceptions  of  which  only  one  is  noteworthy.  The  cost  for 
the  260-to-299-acre  group  of  2-plow-tractor  farms  perhaps  was  low 
because  on  those  farms  there  were  no  trucks,  gas  engines,  or  electric 
motors.  The  cost  for  the  same  size  group  of  general-purpose-tractor 
farms  was  abnormally  high,  as  a  result  of  small  crop  acreage  (43  acres) 
per  horse  and  high  costs  for  owned  truck  and  hired  engine  work. 

With  one  exception  in  the  general-purpose-tractor  farms,  the 
average  cost  for  power  per  crop-acre  is  shown  in  table  16  to  decrease 
continuously  with  increase  in  crop  acreage  per  farm.  For  the  2-plow- 
and  3-plow-tractor  farms,  the  average  cost  per  crop-acre  for  the 
smallest  farms  was  about  125  percent  greater  than  for  the  largest. 
For  these  power  types  the  cost  in  the  100-to-13^-crop-acre  group  was  59 
percent  greater  than  in  the  300-acre-and-larger  group,  while  for  the 
general-purpose-tractor  farms  the  difference  was  83  percent. 

Of  the  total  cost  for  hired  power,  belt  operations  by  tractors  and 
steam  engines  comprised  51  to  58  percent,  being  least  on  the  3-plow- 
tractor  farms.  For  these  farms  the  hired  belt  work  by  tractors  and 
steam  engines  was  but  7  percent  of  the  cost  of  all  power  used,  while 
it  Was  11  percent  for  each  of  the  other  types  of  tractor  farms.  Belt 
work  comprised,  however,  undetermined  portions  of  the  miscellaneous 
power  costs,  which  was  greatest  for  the  3-plow-tractor  farms. 

Cost  of  hired  trucking  was  next  in  importance  to  that  of  hired  belt 
work.  On  the  2-plow-tractor  farms  the  average  cost  of  hauling  with 
owned  trucks,  omitting  wages  for  driver,  was  approximately  one  third 
that  of  hired  hauling  including  wages  for  driver.  On  each  other  type 
of  tractor  farms  the  average  cost  was  greater  for  owned  trucks  without 
driver  than  for  hired  trucks- with  driver.  Most  of  the  hired  truck 
hauling  was  for  taking  livestock  to  terminal  markets  or  for  delivering 
milk  or  cream  on  a  route. 

Tractors  were  hired  on  many  tractor  farms  to  help  in  field  opera- 
tions when  rush  of  work  was  great  or  there  was  trouble  with  the 
owned  units,  and  when  a  combine  was  hired  to  harvest  and  thresh 
small  grain.:  Horses  also  were  hired  at  times,  mostly  for  threshing. 
The  cost  of  these  two  items  together  averaged,  for  the  three  types  of 
tractor  farnis,  from  0.5  to  1.4  percent  of  the  cost  Of  all  power. 
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The  total  ytviily  cost  of  all  ow  ncd  power  on  the  tractor  farms, 
based  on  the  1o\v<m-  copts  of  iracloi',  liiick,  and  hoise  work  estimated 
for  1931-32  are  shown  in  table  17.  'riic  ial)l(>  indicates  reductions  in 
totnl  cost  of  owned  powcM-,  I'loni  l'.)LM>  costs,  of  a})ont  33  percent  for 
the  2-plow-traetoi-  I'ai'ins  and  MO  p(MC(  nt  loi'  the  3-plow-tractor 
and  the  ;j,-enei  al-i)uipose-t  raetor  farms.  (\)sts  of  hired  power  are  not 
show  n  l)eeaust>  data  on  pi'esent  rates  for  hifed  power  are  not  available. 
In  1929  the  cost  of  hired  {)()w  (m-  in  proportion  to  cost  of  all  power  used 
in  o:rowin^  and  hai\  c  stinii,-  ('r()])s  on  the  farms  surveyed  was  approxi- 
mat(^ly  20  pere(  nt  for  the  2-plow-tractor  farms,  14  percent  for  the 
3-plow-tractor  farms,  and  19  percent  for  the  general-purpose-tractor 
farms. 

Table  17. — Average  annual  cost  per  farm  of  all  owned  power  used  on  tractor  farms 
calculated  at  1931-32  prices  ^ 

[Based  on  quantities  per  year  used  in  1929] 

2-PLOW-TRACTOR  FARMS 


Farms 
surveyed 

Average 

crop 
acreage 

Cost  of  power 

Size  group  (crop  acres) 

Tractor 

Truck 

Horse 

Miscel- 
laneous 

Total 

Drawbar 

Belt 

Less  than  100 

Number 
23 
32 
31 
28 
16 
10 
16 

Acres 
76 
121 
157 
202 
239 
278 
368 

Dollars 
164.  77 
168.  35 
187.  65 
189.  80 
207.79 
209.71 
254.  85 

Dollars 
27.72 
23.67 
21.90 
20.35 
19.86 
28.09 
18.93 

Dollars 
49.59 
40.17 

5.51 
17.78 
28.00 

0 
26.04 

Dollars 
167.50 
202.  57 
226.  01 
292.15 
306.  34 
3?5.  60 
442.  15 

Dollars 
11.37 
1.34 
8.25 
1.11 
4.06 
0 
20.03 

Dollars 
420.95 

100  to  139           . 

436. 10 

140  to  179 

449  32 

180  to  219 

521.  19 

220  to  259 

566. 05 

260  to  299... 

563.  40 

762.00 

Total  or  average.. 

156 

184 

191.08 

22.73 

25.38 

261.  87 

6.26 

507.32 

3-PLOW-TRACTOR  FARMS 


Less  than  100. 

100  to  139 

140  to  179 

180  to  219 

220to2.'>9....'. 

260  to  293 

300  and  over.. 


Total  or  average. 


13 

79 

166.  85 

41.19 

105.  19 

210.28 

4.61 

16 

119 

199.99 

33.41 

75.63 

214.48 

3.26 

17 

156 

210.  33 

49.78 

74.  15 

274. 93 

.59 

18 

195 

262.  30 

30.78 

63.11 

315.  18 

18.14 

16 

238 

251.  12 

46.  86 

23.19 

414.84 

7.14 

16 

280 

298.19 

35.24 

36.04 

367.  70 

14.23 

28 

380 

340.  70 

50.60 

65.26 

512. 93 

7.69 

124 

226 

258.  03 

42.32 

62.48 

350.  36 

8.11 

528. 12 
529.  77 
609.78 
689.  51 
743.  15 
751.  40 
977.  18 

721.30 


GENERAL-PURPOSE-TRACTOR  FARMS 


100  to  139.-.. 
140  to  179... 
180  to  219.... 
220  to  259... - 
260  to  299.... 
300  and  over. 


Total  or  average . 


21 

117 

188.70 

12.69 

52.40 

171.  14 

1.12 

18 

152 

208.94 

20.39 

42.14 

175.  25 

1.31 

12 

194 

23S.  m 

23.  35 

28.13 

206.  55 

0 

8 

237 

247.  27 

14.75 

35.34 

20n.05 

2.32 

13 

277 

263.84 

18.69 

93.47 

339.  35 

4.88 

7 

351 

278.39 

35.54 

31.83 

277.38 

11.34 

79 

196 

226.73 

19.28 

49.58 

218.09 

2.64 

426.05 
446.03 
190. 99 
W^.  73 
720.23 
634.48 

516.32 


»  Average  for  period  July  1,  1931,  to  June  30,  1932. 


COST  OF  POWER  ON  HORSE  FARMS 


The  average  cost  in  1929  of  all  power  used  on  the  horse  farms  sur- 
veyed is  shown,  per  farm  and  per  crop-acre,  in  table  18.  The  cost 
for  the  owned  units  does  not  include  man-labor  for  operating  them, 
but  for  the  hired  units  it  does  include  the  labor  furnished  with  them. 
The  miscellaneous  power  costs  were  for  gas  engines,  steam  engines, 
electric  motors,  or  such  machinery  as  power  hay  balers. 
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UTILIZATION  AND  COST  OF  POWER  ON  CORN  BELT  FARMS        49 

Hired  power  for  each  of  these  two  farm  types  averaged  approxi- 
mately 19}2  percent  of  the  cost  of  all  power. 

On  the  orduiary  horse  farms  the  cost  per  crop  acre  for  the  less- 
than-60-crop-acre  group  was  twice  that  for  the  group  comprising  300- 
crop-acre-and-larger  farms.  Power  furnished  by  owned  horses  com- 
prised 78  to  81  percent  of  the  total  cost  of  power,  for  the  big-team- 
hitch  farms  and  for  each  size  group  of  the  ordinary  horse  farms  except 
that  of  220-to-259-crop  acres;  in  this  group  power  from  owned  horses 
comprised  72  percent  of  the  total  cost.  The  crop  acreage  per  horse 
on  the  group  of  largest  farms  using  ordinary  hitches  averaged  more 
than  twice  that  on  the  smallest  farms. 

The  average  cost  per  crop  acre  for  all  power  decreases  continuously 
but  irregularly  with  increase  in  size  of  farm,  except  in  one  instance. 
For  the  260-to-299-crop-acre  group  the  average  cost  was  lowest  of  all. 
In  this  group  there  was  no  owned  truck,  gas  engine,  or  other  mechan- 
ical-power unit,  and  the  average  expense  per  acre  for  hired  power  was 
moderate. 

Power  by  tractors  and  steam  engines  for  belt  work  amounted  to 
more  than  one  half  the  total  cost  of  hired  power.  Part  of  the  miscella- 
neous cost  also  was  for  belt  work,  furnished  by  gas  engines  and  electric 
motors.  The  tractor  and  steam-engine  belt  work  was  mostly  for 
threshing,  though  some  was  for  silo  filling;  gas  engines  and  electric 
motors  were  hired  for  saw^ing  w^ood,  baling  hay,  and  grinding  feed. 
Hired  trucking  was  next  in  cost  to  hired  belt  work.  Both  for  the 
ordinary  horse  farms  and  for  the  big-team-hitch  farms,  the  average 
expenditure  for  hired  truck  hauling  including  driver  was  almost  five 
times  the  average  cost  of  hauling  with  own  trucks  not  including 
driver.  Much  of  the  hired  truck  work  was  for  hauling  livestock  to 
terminal  markets  or  for  delivering  milk  and  cream  to  creameries. 
Hauling  milk  from  dairy  farms  was  the  cause  of  the  extraordinary 
cost  for  hired  trucks  by  the  220-to-259-crop-acre  group  of  ordinary 
horse  farms.  The  hired  horse  work  was  for  threshing  and  small 
amounts  of  crop  work. 

Yearly  costs  of  all  owned  power  on  horse  farms  estimated  at  prices 
for  the  year  ended  June  30,  1932,  comparable  to  the  costs  for  tractor 
farms  given  in  table  17,  are  given  in  table  19  which  shows,  for  both 
types  of  horse  farms,  a  reduction  in  cost  of  all  owned  power  of  about 
45  percent  from  the  cost  in  1929.  Costs  of  hired  power  are  omitted 
because  data  on  present  charges  are  not  available.  In  1929  the  cost 
of  hired  power  in  proportion  to  cost  of  all  power  on  these  farms  was 
approximately  24  percent  both  for  the  ordinary  horse  farms  and 
for  the  big- team-hitch  farms. 
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Table  19. — Average  annual  cost  per  farm  of  all  owned  power  used  on  horse  farms, 
calculated  at  1931-32  prices  ^ 

[Based  on  quantities  per  j-ear  used  in  1929] 
ORDINARY  HORSE    FARMS 


Farms 
surveyed 

Average 

crop 
acreage 

Cost  of  owned  power 

Size  group  (crop  acres) 

Horses 

Truck 

Miscella- 
neous 

Total 

Less  than  60 

Number 
28 
95 
89 
50 
36 
18 
11 
16 

Acres 
49 
79 
118 
155 
196 
238 
275 
339 

Dollars 
181.37 
236.  29 
293.58 
331.37 
416.95 
444.  46 
435.  60 
572.00 

Dollars 
22.44 

8.05 

3.97 
10.22 

4.36 
10.44 

0 
16.70 

Dollars 
1.85 
2.39 
3.80 
1.  17 
4.86 
14.16 
0 
2.09 

Dollars 
205.  66 

60  to  99 

246  73 

100  to  139 

301.  35 

140  to  179 

342.  76 

180  to  219 

426  17 

220  to  259 -     

469.06 

260  to  299 

435.  60 

300  and  over 

590.  79 

Total  or  average 

343 

137 

312.47 

8.37 

3.32 

324. 16 

BIG-TEAM-HITCH  FARMS 


Total  or  average - 


252 


525. 35 


10.15 


8.22 


543.  72 


1  Average  for  period  July  1,  1931,  to  June  30,  1932. 

COMPARISON  OF  DRAWBAR  POWER  COSTS 

Of  some  significance  are  acre-cost  comparisons  for  drawbar  work 
on  tractor  and  ordinary  horse  farms  by  farm-size  groups,  as  found  in 
1929  and  as  estimated  at  1931-32  prices.  The  figures  given  in  table 
20  represent  the  total  cost  per  crop-acre,  exclusive  of  operator  labor, 
for  all  drawbar  power  used  on  crops,  with  owned  and  hired  horses  and 
with  owned  and  hired  tractors.  In  computing  the  costs  at  1931-32 
prices  the  cost  of  hired  drawbar  w^ork,  w'hich  for  any  type  and  size 
group  comprised  less  than  1.5  percent  of  all  drjuvbar  power  costs, 
has  been  reduced  in  the  same  ratio  as  cost  of  ow^ned  powder. 

Table  20. — Average  cost  per  crop-acre,  exclusive  of  operator  labor,  for  drawbar 
power  used  in  growing  and  harvesting  crops  in  1929,  and.  for  the  same  quantities 
calculated  c^t  1931-32  prices  ^ 


' 

Cost  per  crop-acre 

Crop  acreage 

Tractor  farms 

Horse  farms 

2-p 

ow 

3-plow 

General 

purpose 

Ordinary 

Big-team  hitch 

1929 

1931-32 

1929 

1931-32 

1929 

1931-32 

1929 

1931-32 

1929 

1931-32 

100  to  139 

Dollars 
3.65 
3.34 
3.05 
3.04 
2.97 
2.82 

Dollars 
2.54 
2.28 
2.02 
2.00 
1.91 
1.80 

Dollars 
3.73 
3.42 
3.67 
3.59 
3.23 
3.25 

Dollars 
2.78 
2.45 
2.54 
2.42 
2.21 
2.16 

Dollars 
3.43 
3.11 
2.83 
2.58 
3.07 
2.25 

Dollars 
2.51 
2.23 
1.97 
1.83 
2.01 
1.50 

Dollars 
3.57 
3.55 
3.22 
3.13 
3.23 
3.12 

Dollars 
1.99 
1.94 

1.77 
1.71 
1.77 
1.73 

Dollars 

Dollars 

140  to  179 

180  to  219 

220  to  259 

260  to  299 

Average 

3.13 

2.08 

3.40 

2.33 

2.91 

2.01 

3.36 

1.86 

3.17 

1.74 

Average  for  period  July  1,  1931,  to  June  30.  1932. 
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Cost  of  drawbar  power  per  crop  acre  in  1929  averaged,  by  power 
type  of  farm,  from  61  to  65  percent  of  the  cost  of  all  power.  It  was 
lowest  on  the  general-piirpose-tractor  farms  for  every  size  group 
except  that  of  260  to  299  crop  acres,  in  which  group  only  the  2-plow 
tractor  farms  showed  a  lower  cost  (table  20).  The  average  cost 
of  drawbar  power  was  highest  for  the  3-plow-tractor  farms,  being 
exceeded  only  in  the  140-to-179-crop-acre  group  by  the  ordinary 
horse  farms  and  equaled  in  the  260-to-299-crop-acre  group  by  the 
same  power  type. 

For  all  power  types,  the  cost  per  acre  for  drawbar  power  in  1929 
showed  only  four  exceptions  to  continued  decrease  with  increase  in 
crop  acres  per  farm.  Generally  the  2-plow  and  3-plow  tractors 
on  the  farms  surveyed  had  been  owned  long  enough  for  surplus  horses 
to  have  been  disposed  of,  but  the  same  was  not  always  true  concerning 
the  general-purpose  tractors.  Some  big-team-hitch  operators  also 
had  apparently  (table  4)  more  horses  than  necessary.  This  is  indi- 
cated by  a  comparison  of  the  variations  in  average  crop  acreage  per 
horse  for  the  different  types  of  farms.  For  the  3-plow-tractor 
farms,  the  largest  size-group  average  of  crop  acres  per  horse  exceed 
the  smallest  average  by  23  percent;  the  difference  was  37  percent  for 
the  2-plow-tractor  farms,  38  for  the  ordinary  horse  farms,  42  for 
the  big-team-hitch  farms,  and  for  the  general-purpose-tractor  farms 
the  largest  acreage  per  horse  exceeded  the  smallest  by  60  percent. 

The  cost  of  drawbar  power  per  crop  acre  at  1931-32  prices  appears 
lowest  on  the  ordinary  horse  farms  for  every  size  group  except  that  of 
300  crop-acres  and  over,  for  which  only  the  general-purpose-tractor 
farms  show  a  lower  cost.  In  the  three  smallest  size  groups,  the  costs 
on  the  general-purpose-tractor  farms  are  shown  only  3  to  5  cents  per 
acre  lower  than  on  the  2-plow-tractor  farms,  whereas  the  differ- 
ences at  1929  prices  were  22  to  23  cents  per  acre.  The  greater  reduc- 
tion in  cost  indicated  for  the  2-plow-tractor  farms  by  using  the 
more  recent  prices  results  from  the  fact  that  due  to  greatly  lowered 
feed  costs  the  reduction  in  cost  of  horse  work  was  greater  than  in  cost 
of  tractor  work;  and  more  horse  work  was  used  on  the  2-plow- 
tractor  farms  than  on  the  general-purpose-tractor  farms.  The  costs 
on  the  3-plow-tractor  farms  appear  consistently  higher  than  those 
on  the  other  types  of  farms,  for  all  sizes.  These  larger  tractors  were 
used  less  for  drawbar  work  than  were  the  ordinary  2-plow  or  the 
general-purpose  tractors.  Also,  in  many  instances,  3-plow  trac- 
tors pulled  implements  ordinarily  drawn  by  2-plow  tractors,  re- 
sulting in  a  high  cost  with  little  or  no  increase  in  accomplishments. 
Many  of  the  3-plow  tractors  were  used  more  for  belt  than  for 
drawbar  work.  Because  of  the  greater  power  they  are  more  satis- 
factory for  the  heavier  belt  operations  than  are  the  2-plow  tractors. 

REQUIREMENTS  AND  COSTS  OF  LABOR  AND  POWER  FOR 
PRODUCING  CROPS 

Of  the  factors  entering  into  the  cost  of  producing  a  crop,  labor  and 
power  together  constituted  the  largest  single  item.  Naturally  there 
was  a  wide  range  in  the  labor  and  power  requirements  on  different 
farms  and  in  different  areas.  These  requirements  are  influenced  by 
weather,  topography,  and  soil,  over  which  the  farmer  has  no  control, 
and  by  size  and  shape  of  fields,  size  and  type  of  implements,  size  and 
type  of  power  units,  and  methods  of  production  and  harvesting,  over 
which  factors  he  does  have  more  or  less  control. 
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The  average  labor  and  power  requirements  per  acre  together  with 
costs  for  growing  and  harvesting  corn,  oats,  aind  wheat  are  shown  for 
different  types  of  farms  in  tables  21,  22,  and  23.  In  table  24  the  same 
average  requirements  and  costs  are  shown  for  hay^  but  without  sepa- 
ration b}^  type  of  farm  because  of  similarity  of  handling  hay  for  each 
method  indicated.  The  figui'es  representing  averages  of  considerable 
numbers  of  observations  probably  represent  closely  the  normal  re- 
quirements. The  methods  of  harvesting  corn,  of  seeding  and  har- 
vesting small  grain,  and  of  putting  up  hay  were  those  found  most 
commonly.  Several  of  the  figures  represent  only  a  few  observations, 
but  are  included  because  they  relate  to  latest  practices.  On  the  ordi- 
nary and  big-team-hitch  horse  farms  there  was  some  tractor  drawbar 
work.  This  was  generally  for  hired  work  on  such  field  operations  as 
plowing  or  disking.     The  bulk  of  the  belt  work  was  for  threshing. 

Table  21. — Labor  and  power  used  and  cost  per  acre  for  growing  and  harvesting  corn 

HUSKED  BY  HAND 


Farms 
sur- 
veyed 

Work  required  per  acre 

Cost 

Power  type 

Man 

Horse 

Tractor 
draw- 
bar 

Belt 
(all) 

Truck 

1929 

1931-32  1 

2-plow  tractor 

Number 
101 
83 
66 
270 
31 

Hours 
12.6 
12.9 
11.2 
15.2 
12.0 

Hours 
24.6 
27.6 
17.6 
40.4 
39.0 

Hours 

1.7 

1.2 

2.8 

.     .1 

(0 

Hours 

(2) 
(2) 
(2) 
(2) 

Hour 

Dollars 
8.30 
8.68 
7.23 
9.76 
7.80 

Dollars 
4.73 

3-plow  tractor 

5.00 

4.23 

Ordinary  horse  hitch 

5.04 

Big-team  hitch 

4.00 

HUSKED  BY  1-ROW  HORSE  PICKER 


2-plow  tractor. 

3-plow  tractor 

General-purpose  tractor  . 
Ordinary  horse  hitch..-. 
Big-team  hitch 


1 

3 

11.2 
10.8 

27.5 
28.9 

1.6 
1.1 

1.9 
2.1 

10.42 
10.56 

8 
7 

12.9 
11.4 

42.0 
46.1 

.1 
.1 

.3 

9.76 
8.56 



5.17 
4.44 


HUSKED 

BY  1-ROW  TRACTOR  PICKER 

2-plow  tractor 

18 

21 

19 

2 

10.4 
10.0 
9.0 
14.7 

20.1 

20.4 

9.2 

35.9 

3.0 
2.4 
5.0 
1.4 

(2) 
(0 

8.10 
8.26 
6.77 
10.04 

5.02 

5.29 

General-purpose  tractor 

.... 

(2) 

4.46 

Ordinary  horse  hitch 

5.56 

Big-team  hitch    . 

--     1 

HUSKED  BY  2-ROW  TRACTOR  PICKER 

2-pIow  tractor. 

1 
2 
2 
5 

9.2 
8.2 
7.3 
11.3 

15.  5            2.  2 

18.  8             1.  6 

5. 4            4.  5 

31.4              .5 

6.47 
6.65 
5.47 
8.21 

3.93 

3-plow  tractor 

4.13 

General-purpose  tractor.. 

— - 

3.68 

Ordinary  horse  hitch...  . 

0.3 

0.1 

4.54 

Big-team  hitch 

CUT  WITH  HORSE  BINDER  FOR  SILAGE 


2-plow  tractor. .. 

30 
32 
13 

48 
4 

20.0 
18.4 
16.4 
21.3 
20.2 

28.8 
30.3 
23.0 
45.8 
48.9 

2.4 

1.5 

3.2 

.2 

.3 

0.9 
.9 

1.4 
.6 
.6 

12.47 
11.89 
11.22 
12.90 
12.08 

7.39 

3-plow  tractor 

7.12 

General-purpose  tractor 

6.93 

Ordinary  horse  hitch 

6.89 

Big-team  hitch 

6.47 

CUT  WITH  HORSE  ] 

BINDER  AND  SHREDDED 

2-plow  tractor 

3-plow  tractor 

33 

26 

6 

34 

26.0 
20.5 
18.4 
28.8 

29.6 
25.5 
19.1 
48.6 

2.2 

1.8 
2.9 

1.3 
.9 
1.2 
1.0 

0.2 

14.64 
12.12 
10.78 
15.58 

8.63 
7.36 

General-purpose  tractor 

6.52 

Ordinary  horse  hitch 

8.30 

Big-team  hitch.. 

1 

Average  for  period  July  1,  1931,  to  June  30,  1932. 


2  Less  than  0.01  hour  per  acre. 
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Table  22. — Labor  and  power  used  and  cost  per  acre  for  growing  and  harvesting  oats 
END-GATE  SEEDED  WITH  HORSES,  HARVESTED  WITH  TRACTOR 


Farms 
sur- 
veyed 

Work  required  per  acre 

Cost 

Power  type 

Man 

Horse 

Tractor 
draw- 
bar 

Belt 
(all) 

Truck 

1929 

1931-32  J 

2-plow  tractor.. -    

Number 
66 
34 
40 
9 

Hours 
5.3 
6.3 
6.0 
7.0 

Hours 
4.7 
5.8 
4.8 
10.5 

Hours 
1.0 

.8 
1.1 

.6 

Hour 

0.2 

.2 

.2 

.2 

Hour 

DoUars 
3.13 
3.37 
3.19 
4.04 

Dollars 
1.94 

3-plow  tractor 

2.13 

General-purpose  tractor 

1.90 

Ordinary  hor-e  hitch.      .  . 

2.31 

Big-team  hit^h 

END-GATE  SEEDED  WITH  HORSES.  HARVESTED  WITH  HORSES 


2-plow  tractor 

3-plow  tractor 

General-purpose  tractor 
Ordinary  horse  hitch... 
Big-team  hitch 


29 
34 
5 
150 
29 

5.0 
5.5 
5.3 
6.0 
5.3 

7.2 
9.2 
7.1 
11.9 
12.3 

0.5 
.3 
.6 

(») 

0.2 
.2 
.2 
.2 
.2 

3.01 
3.34 
3.04 
3.48 
3.10 

(0 

1.76 
1.92 
1.72 
1.85 
1.65 


DRILLED  AND  HARVESTED  WITH  HORSES 


2-plow  tractor 

3-plow  tractor 

General-purpose  tractor 
Ordinary  horse  hitch... 
Big-team  hitch 


30 

29 

1 

101 

2 

10.5 
10.0 

9.9 
11.4 

5.1 

10.5 
9.6 
6.8 
22.9 
11.6 

1.7 
1.7 
2.3 

0.2 
.2 
.2 
.2 
.1 

5.92 
6.51 
5.25 
6.45 
2.84 

3.65 
3.93 
3.17 
3.36 
1.48 


DRILLED  WITH  HORSES.  HARVESTED  WITH  TRACTOR 


2-plow  tractor 

3-plow  tractor 

General-purpose  tractor. 

Ordinary  horse  hitch 

Big-team  hitch 


8.3 
7.8 
8.1 
8.3 


7.0 

7.6 

8.1 

22.0 


1.9 
1.5 
1.6 
.5 


0.2 
.3 
.2 
.2 


5.00 

3.14 

5.18 

3.40 

4.54 

2.68 

5.91 

3.27 

BROADCAST  WITH  HORSES.  HARVESTED  WITH  HORSES 


2-plow  tractor 

3-plow  tractor 

General-purpose  tractor 
Ordinary  horse  hitch.. . 
Big-team  hitch 


4 
2 
2 
31 
3 

6.4 
6.0 
5.5 
6.6 
5.4 

7.8 
8.4 
7.1 
13.0 
12.6 

1.3 
.6 
.6 

0.2 
.2 
.2 
.2 
.2 

4.12 
3.69 
3.09 
3.80 
3.16 

2.54 
2.22 
1.75 
2.01 
1  69 


Average  for  period  July  1,  1931.  to  June  30.  1932. 


»  Less  than  0.01  hour  per  acre. 


Table  23. — Labor  and  power  used  and  cost  per  acre  for  growing  and  harvesting  wheat 

DRILLED  AND  HARVESTED  WITH  HORSES 


Farms 
sur- 
veyed 

Work  required  per  acre 

Cost 

Power  type 

Man 

Horse 

Tractor 
drawbar 

Belt 
(all) 

1929 

1931-32  « 

2-plow  tractor 

Number 

40 

40 

4 

142 

13 

Hours 
10.1 
9.2 
9.2 
10.9 
8.7 

Hours 
11.6 
10.8 
12.9 
26.0 
25.1 

Hours 

1.9 

1.8 

L9 

(») 

Hour 
0.3 
.3 
.3 
.2 
.3 

Dollars 
6.25 
6.35 
5.82 
6.75 
5.62 

Dollars 
3.83 

3-plow  tractor 

4.12 

General-pur i)ose  tractor 

3.45 

3.54 

Big-team  hitch  

3.00 

1  Average  for  period  July  1, 1931,  to  June  30.  1932. 


»  Less  than  0.01  hour  per  acre. 
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Table  23. — Labor  and  power  used  and  cost  per  acre  for  growing  and  harvesting  wheat- 
Continued 

DRILLED  AND  HARVESTED  WITH  TRACTOR 


Farms 
sur- 
veyed 

Work  required  per  acre 

Cost 

Power  type 

Man 

Horse 

Tractor 
drawbar 

Belt 
(all) 

1929 

1931-32 

2-plow  tractor 

Number 
9 
6 
14 

1 

Hours 

7.8 
7.0 
7.4 
10.8 

Hours 
4.8 
5.6 
5.2 
19.1 

Hours 
2.5 
2.0 
2.5 
1.2 

Hour 

0.3 

.2 

.2 

.2 

Dollars 
5.13 
6.15 
4.48 
6..72 

Dollars 
3.44 

8-plow  tractor  .   ..  .  .. 

3.54 

General-purpose  tractor 

2.84 

Ordinary  horse  hitch . 

3.85 

DRILLED  WITH  HORSES,  HARVESTED  WITH  TRACTOR 


2-plow  tractor 

3-plow  tractor 

General -pur  pose  tractor 
Ordinary  horse  hitch. . . 


38 

7.5 

8.3 

2.3 

0.2 

5.28 

27 

7.0 

8.3 

1.5 

.2 

4.96 

22 

8.1 

8.2 

2.2 

.2 

4.91 

3 

9.8 

22.6 

.5 

.2 

6.39 

3.43 
3.26 
3.00 
3.50 


ROW  DRILLED  WITH  HORSES,  HARVESTED  WITH  TRACTOR 


2-plow  tractor 

General-purpose  tractor 
Ordinary  horse  hitch. . . 


9 

8.8 

6.7 

0.5 

0.4 

4.17 

5 

8.9 

6.7 

.6 

.3 

4.05 

1 

8.5 

7.0 

.8 

.2 

4.11 

2.39 
2.24 
2.36 


Table  24. — Labor  and  power  used  and  cost  per  acre  for  growing  and  harvesting  hay 


Farms 

Method  of  loading 

Work  required  per 
acre 

Cost 

Man 

Horse 

1929 

1931-32  1 

Number 
49 

With  loader  from  swath 

Hours 
7.2 
5.9 
6.4 

Hours 
9.5 

8.5 
8.2 

Dollars 
3.25 
2.77 
2.86 

Dollars 
1.62 

189 

1.39 

197 

By  hand  from  windrow 

L42 

1  Average  for  period  July  1, 1931,  to  June  30,  1932. 

The  costs  for  1929  shown  in  the  tables  are  based  on  unit  prices 
obtaining  in  that  year.  The  costs  shown  for  1931-32  were  computed 
by  applying  average  prices  for  the  year  July  1,  1931,  to  June  30,  1932, 
to  the  same  labor  and  power  requirements  as  were  used  in  1929.  The 
average  differences  for  all  crops  amount  to  38  percent  reduction  in 
the  cost  on  the  tractor  farms  and  46  percent  on  the  horse  farms. 

CORN 

In  corn  production  the  general-purpose  tractor  can  perform  not 
only  the  usual  operations  of  preparing  the  seedbed,  but  also  planting 
and  cultivation  which  cannot  be  done  with  the  other  type  tractors. 
The  greater  adaptability  of  the  general-purpose  tractor  is  reflected  in 
the  amounts  of  tractor  drawbar  work  and  horse  work  shown  in  table 
21.  For  each  method  of  harvesting,  the  tractor  work  was  greater 
and  the  horse  work  was  less  than  where  other  type  tractors  were  used. 
While  the  rates  of  horse  and  tractor  work  varied  widely  on  the  differ- 


w (M(»  even  lower  on  the  horse  luniis 
mall  differences  in  man-labor  usage 
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ent  types  of  laiins.  ucMuTaliy  the  man-labor  usages  varied  cojiipaca- 

tively  little  and  in  some  instance 

tlian  on  t  he  t  laelor  farms.      The 

are  luainlv   tlie   i-esidt    of  using  two  men  on  some  operations  with 

tractors  and  onh    one  man  on  similar  operations  with  horses       The 

usages  given  for  corn  husked  by  hand  show  difV(M-ences  in  rcMpiircMnents 

with  crews  of  the  same  size. 

For  corn  raised  with  the  same  methods  and  equipment  the  man- 
labor  and  horse-work  requirements  shown  in  table  21  vary  in  the 
expected  manner  according  to  method  of  harvesting.  With  tractor 
pickers  the  amounts  of  hand  labor  and  of  horse  work  were  least,  the 
2-row  picker  requiring  less  than  the  l-row  picker.  The  two  farms 
having  general-purpose  tractors  and  2-row  corn  pickers  (fig.  12) 
averaged  only  7.3  man-hours  and  5.4  hours  of  horse  work,  besides  4.5 
hours  of  tractor  work,  per  acre.     When  the  corn  was  husked  with  the 


Figure  12.— A  2-row  corn  picker  outfit. 

horse  picker,  less  hand  labor  and  more  horse  work  was  required  than 
with  hand  husking.  Both  hand  labor  and  horse  work  were  greatest  for 
the  corn  cut  with  horse  binders,  the  crop  that  was  ensiled  requiring 
less  hand  labor  and  more  horse  work  that  that  which  was  shredded. 
The  belt  work  shown,  except  that  for  ensiling  and  shredding,  was  for 
elevating  the  corn  into  a  crib  and  was  furnished  by  the  tractor  or  a 
small  gas  engine.  The  truck  use  shown  was  for  hauling  the  corn 
from  the  picker  or  from  the  shredder. 

The  cost  of  labor  and  power  in  growing  and  harvesting  an  acre  of 
corn  in  1929  varied  from  $5.47  on  the  general-purpose-tractor  farms 
for  corn  harvested  with  a  2-row  tractor  picker  to  $15.58  on  the  ordi- 
nary horse  farms  for  corn  cut  with  a  binder  and  shredded.  With  the 
lower  prices  for  1931-32  the  costs  for  the  same  farms  and  harvesting 
methods  are  computed  as  $3.68  and  $8.30  respectively.  The  labor 
and  power  cost  was  least  for  all  farm  types  and  at  both  1929  and 
1931-32  prices,  where  the  corn  was  husked  by  a  2-row  tia(  tor  picker, 
and  for  all  except  the  general-purpose-tractor  farms  tlie  cost  was 
greatest  where  the  com  was  cut  with  horse  binder  and  shredded. 
Corn  husked  by  hand  on  ordinary  horse  farms  cost  more  for  labor 
and  power  than  when  husked  by  a  2-row  picker  on  the  same  type  of 
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farm,  although  on  the  latter  it  was  necessary  to  hire  the  picking  done, 
which  increased  the  cost  over  farms  owning  a  tractor  and  picker. 

DIFFERENCES    IN    REQUIREMENTS 

The  minimum  amounts  of  hand  labor  and  horse  work  in  growing 
and  harvesting  corn  were  shown  by  the  two  general-purpose-tractor 
farms  using  2-row  pickers.  These  farms  are  located  near  together 
in  the  same  county  in  Indiana.  On  one  farm  only  5.4  man-hours, 
2.4  horse-hours,  and  4.2  tractor-hours  were  required  per  acre,  while 
on  the  other  farm  9.2  man-hours,  8.3  horse-hours,  and  5  tractor- 
hours  were  used  per  acre.  This  difference  was  caused  largely  by  num- 
ber of  cultivations,  2}^  on  the  first  farm  and  7  on  the  second.  On  the 
latter  farm,  however,  the  yield  was  10  bushels  greater  per  acre,  and 
if  cultivation  was  responsible  for  the  difference  the  operator  was  well 
repaid  for  the  additional  work,  especially  so  if  there  was  no  other 
profitable  use  for  the  time  he  might  have  saved  by  cultivating  less. 
Per  bushel,  his  crop  required  only  about  1  more  minute  of  man  labor, 
3  minutes  of  horse  work,  and  3  minutes  of  tractor  work  more  than 
did  the  crop  on  the  first  farm,  and  the  additional  crop  cost  nothing 
for  land  rent,  seed,  or  fertilizer. 

Similar  variations  were  found  on  horse  farms.  Of  2  big-team- 
hitch  farms  in  Illinois  on  which  corn  was  husked  by  hand,  1  re- 
quired only  8.5  man-hours  and  28.8  horse-hours  per  acre,  whereas  on 
the  other  18.3  man-hours  and  48.7  horse-hours  per  acre  were  used. 
The  soil  was  of  the  same  type  on  both  farms.  In  growing  the  crop, 
less  than  half  as  many  man-hours  and  only  two  thirds  as  many  horse- 
hours  per  acre  were  used  on  the  first  farm  as  on  the  second,  and  the 
yield  on  the  first  was  17  bushels  per  acre  less  than  on  the  second. 
Most  of  the  additional  labor  and  power  used  on  the  second  farm  was 
devoted  to  preparing  the  ground  for  planting  and  in  one  additional 
cultivation.  On  the  second  farm,  about  4  more  minutes  of  man  labor 
and  of  horse  work  were  used  per  bushel  of  total  crop. 

OATS  AND  WHEAT 

The  labor  and  power  requirements  for  oats  and  wheat  (tables  22 
and  23)  are  largely  dependent  upon  the  methods  of  seeding  and  har- 
vesting, and  when  the  two  crops  were  handled  in  the  same  way  the 
differences  in  the  requirements  were  very  slight.  In  the  production 
of  oats,  use  of  the  end-gate  seeder  apparently  is  conducive  to  low 
man-labor  and  horse-work  requirements.  Where  tractors  instead  of 
horses  pulled  the  binders,  saving  in  horse  work  was  offset  to  some 
extent,  with  end-gate  seeded  but  not  with  drilled  oats,  by  somewhat 
greater  man  labor.  The  greater  amount  of  man  labor  with  the  trac- 
tors resulted  frcm  frequent  use  of  2  men  on  the  tractor  harvesters  as 
against  only  1  man  with  the  horse  harvesters. 

On  the  big-team-hitch  farms,  wheat  drilled  and  harvested  with 
horses  showed  lower  man-labor  usage  than  on  the  other  classes  of 
farms.  On  both  big-team-hitch  farms  where  oats  were  drilled  and 
harvested  with  horses,  the  planting  was  on  cornstalk  ground  without 
previous  preparation,  so  was  comparable  to  end-gate  seeding.  The 
man  labor  and  horse  work  shown  for  wheat  drilled  and  harvested 
with  horses  are  probably  as  applicable  to  oats  as  to  wheat,  for  the 
ground  was  handled  the  same  for  both  crops. 
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Broadcast  seeding  of  oats  apparently  was  common  only  on  ordinary 
horse  farms  in  Iowa.  Drilling  of  wheat  in  corn  rows  was  found  on 
few  farms  and  most  of  those  were  in  Indiana. 

The  cost  of  labor  and  power  for  growing  and  harvesting  an  acre  of 
oats  (table  22)  averaged  considerably  lower  for  the  crop  seeded  with 
end-gate  seeder  and  harvested  with  either  horse-  or  tractor-drawn 
binder  than  for  the  crop  drilled  or  broadcast.  The  slight  difference 
in  cost  between  the  end-gate-seeded  crops  was  favorable  to  the  horse- 
drawn-binder  outfits.  Oats  end-gate  seeded  and  harvested  with 
horse-drawn  binders  showed  costs  of  $3.01  per  acre  in  1929  and  $1.75 
per  acre  at  1931-32  prices  for  the  2-plow-tractor  farms.  On  the 
same  tvpe  of  larms  where  oats  were  drilled  and  harvested  with  horses, 
the  costs  were  $5.92  in  1929  and  $3.55  at  1931-32  prices. 

Wheat  cost  for  the  little-used  method  of  drilling  in  corn  rows  was 
lower  than  for  any  of  the  other  methods.  On  the  average,  wheat 
drilled  and  harvested  with  horses,  like  oats,  cost  more  for  power  and 
labor  than  other  methods.  For  comparable  methods,  as  drilled  and 
harvested  with  horses  and  drilled  with  horses  and  harvested  with 
tractor-drawn  binder,  oats  showed  generally  a  lower  cost  than  did 
wheat. 

HAY 

Hay  was  harvested  in  many  different  ways,  but  those  for  which 
data  are  shown  in  table  24  were  most  common.  The  average  require- 
ments for  each  method  shown  include  all  tj^pes  of  farms.  There  were 
differences,  of  course,  but  these  were  due  to  length  of  haul,  size  of 
fields,  and  yield.  The  data  indicate  that  hay  loaded  from  the  wind- 
row with  a  loader  generally  required  less  man  labor  and  less  horse 
work  than  loading  from  the  swath.  This  was  because  the  wagon  and 
loader  traveled  less  distance  when  the  hay  was  in  the  windrow,  and 
the  difference  in  time  required  was  greater  than  that  for  raking  the 
hay  from  the  swath  into  windrows. 

For  loading  hay  by  hand  from  the  windrow,  slightly  less  horse  work 
was  used  on  the  average  than  for  either  of  the  other  methods.  Where 
hay  was  handled  in  this  manner,  usually  the  acreage  per  farm  was 
small  and  ownership  of  a  loader  was  not  warranted.  On  those  farms 
the  length  of  haul  usually  was  short;  2  men  comprised  the  harvesting 
crew,  rather  than  3  or  4  as  on  large  acreages  and  with  loaders;  and 
only  one  team  was  used  both  for  hauling  and  on  the  rope. 

Hay  costs  for  labor  and  power  computed  at  1931-32  prices  appear 
about  50  percent  lower  than  like  costs  in  1929. 

POWER  ADJUSTMENT  NEEDED 

Some  of  the  variations  which  occur  in  the  cost  of  power  and  labor 
utilized  in  crop  production  in  1929  were  doubtless  due  to  differences 
in  farm  practices,  but  the  indications  arc  that  many  farms  had  a 
surplus  of  available  power.  Tractors  doubtless  were  used  on  some 
farms  where  their  use  was  not  justified  by  the  kind  and  amount  of 
work  to  be  done.  The  variations  in  number  of  crop  acres  per  horse 
for  groups  of  similar  size  on  different  types  of  farms  indicate  a  surplus 
of  work  stock  in  many  cases. 

These  data  show  that,  in  order  to  reduce  their  production  costs, 
farmers  should  consider  carefully  the  amount  of  power  required  for 
their  farm  work,  adjust  the  number  and  kind  of  their  power  units 
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to  the  requirements,  and  dispose  of  the  surplus  units.  The  profit  in 
farniinsj  depends  in  large  measure  upon  the  cost  of  power  and  labor 
per  unit  of  production.  Changes  in  type  of  power  units  used  should 
be  made  only  after  due  consideration  of  farm  practices  and  farm- 
power  requirements. 

SUMMARY 

In  the  fall  and  winter  of  1929-30  data  were  collected  regarding  the 
use  and  cost  of  power  on  736  farms  in  11  areas  in  Michigan,  Indiana, 
Illinois,  Iowa,  and  Missouri.  The  total  number  comprised  280  ordi- 
nary tractor  farms,  on  which  a  conventional  noncultivating  type  of 
2-plow  or  3-plow  tractor  was  owned;  79  general-purpose-tractor  farms, 
on  which  a  row -crop  type  of  tractor  was  owned;  343  ordinary  horse 
farms,  on  which  horses  used  in  common  types  of  hitches  were  the  only 
traction  power  owned;  and  34  big-team-hitch  farms,  on  which  the 
multiple  hitch  was  used  and  no  tractor  was  owned.  The  big-team- 
hitch  farms  averaged  largest,  286  acres  in  all  with  252  acres  of  crop 
land,  and  the  ordinary  horse  farms  averaged  smallest,  179  acres  of 
which  137  were  crop  land. 

No  farm  had  more  than  one  tractor,  and  every  farm  had  some 
horses.  The  average  numbers  of  work  stock  were,  according  to  class 
of  farm:  5  head  on  the  2-plow- tractor  farms,  7  head  on  the  3-plow- 
tractor  farms,  4  head  on  the  general-purpose-tractor  farms,  6  head  on 
the  ordinary  horse  farms,  and  11  head  on  the  big-team-hitch  farms. 
The  proportions  of  farms  having  motor  trucks  ranged  from  30  percent 
in  Michigan  to  8  percent  in  Missouri  for  the  farms  surveyed.  There 
were  gas  engines  on  about  10  percent  of  all  the  tractor  farms  and  12 
percent  of  all  the  horse  farms.  On  only  6  of  the  736  farms  was  elec- 
tricity being  used  for  farm  work  outside  the  house. 

Average  annual  usage,  including  small  amounts  of  hired  power,  on 
the  ordinary  tractor  farms  was  315  tractor-hours  and  3,885  horse-hours 
per  farm,  on  the  general-purpose-tractor  farms  488  tractor-hours  and 
2,856  horse-hours  per  farm,  on  the  ordinary  horse  farms  17  tractor- 
hours  and  4,163  horse-hours  per  farm,  and  on  the  big- team-hitch  farms 
34  tractor-hours  and  8,219  horse-hours  per  farm. 

Road  hauling  averaged,  for  the  133  farms  owning  motor  trucks,  962 
miles  with  trucks  requiring  130  hours  and  97  miles  with  teams  requir- 
ing 104  hours,  and  $39.58  expense  for  hired  trucks.  For  the  603  non- 
truck  farms  road  hauling  averaged  189  miles  requiring  210  hours,  and 
$53.41  expense  for  hired  trucks. 

Tractor  usage  on  the  home  farm  averaged  per  year  471  hours  for 
the  general-purpose  tractors,  301  hours  for  the  2-plow  tractors,  and 
297  hours  for  the  3-plow  tractors.  Seventy- three  percent  of  the  gen- 
eral-purpose tractors  were  used  in  cultivating  row  crops.  Fifty-eight 
percent  of  all  the  tractors  performed  custom  work,  of  which  two 
thirds  in  time  was  belt  work. 

Work-stock  usage  on  the  home  farm  averaged  736  hours  per  head  on 
the  big- team-hitch  farms,  688  hours  on  the  ordinary  horse  farms,  681 
hours  on  the  3-plow-tractor  farms,  643  hours  on  the  2-plow-tractor 
farms,  and  641  hours  on  the  general-purpose-tractor  farms  per  year. 
The  average  crop  acreages  per  horse  were  23  on  the  big- team-hitch  and 
on  the  ordinary  horse  farms,  34  on  the  3-plow-tractor  farms,  35  on  the 
2-plow-tractor  farms,  and  45  on  the  general-purpose- tractor  farms. 
Custom  work  by  horses  averaged  279  hours  per  farm,  or  25  hours  per 
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horse,  for  the  hig-team-hitch  farms,  69  hours  per  farm  for  the  ordinary 
horse  farms,  and  but  13  to  16  hours  per  farm  for  the  tractor  farms. 

Average  rates  of  accompUshment  in  different  States  for  tractors 
pulling  similar  implements  varied  with  differences  in  topography,  soil, 
size  and  shape  of  fields,  and  farming  practices.  Rates  of  accomplish- 
ment for  horses  were  affected  by  differences  of  the  same  kind  and  by 
differences  in  quality  of  work. stock. 

The  average  period  of  use  of  the  tractors,  up  to  the  time  of  the 
survey,  was  4.3  years  for  the  3-plow  tractors,  3.8  years  for  the  2-plow 
tractors,  and  2.0  years  for  the  general-purpose  tractors.  The  total 
useful  life  of  the  tractors  was  estimated  most  commonly  by  the  users 
as  10  years. 

Kerosene  for  fuel  was  used  exclusively  in  80  percent  of  the  general- 
purpose  tractors,  77  percent  of  the  2-plow  tractors,  and  45  percent  of 
the  3-plow  tractors.  Fuel  oil  was  used  exclusively  in  15  percent  of 
the  3-plow  tractors. 

The  total  costs  per  hour  of  operation  in  1929,  omitting  wages  of 
the  operator,  were  $1.13  for  the  3-plow,  80  cents  for  the  2-plow,  and 
61  cents  for  the  general-purpose  tractors.  The  fixed  charges  of 
depreciation  and  interest  on  investment  were  51  percent  for  the 
2-plow  and  3-plow  tractors  and  45  percent  for  the  general-purpose 
tractors.  At  prices  of  fuel,  oil,  and  labor  prevailing  during  the  year 
ended  June  30,  1932,  the  hourly  costs,  omitting  operator's  wages, 
would  have  been  lower  by  about  10  percent  for  the  3-plow  tractors, 
12  percent  for  the  2-plow^  tractors,  and  14  percent  for  the  general- 
purpose  tractors. 

In  feeding  work  stock  on  the  farms  surveyed  in  this  study,  corn 
and  oats  were  practically  the  only  concentrates  used.  The  average 
amounts  fed  per  head  per  year  varied  from  3,007  pounds  on  the  general 
purpose-tractor  farms  to  3,313  pounds  on  the  ordinary  horse  farms. 

Use  of  legume  hay  as  a  roughage  for  work  stock  was  greatest  in 
Michigan  and  Iowa;  some  Illinois  and  Indiana  feeders  used  relatively 
large  amounts  of  straw  and  com  stover;  only  in  Missouri  was  there 
shown  a  decided  preference  for  nonleguminous  roughage  for  w^ork- 
stock.  Mixed  hays  were  popular  in  almost  all  the  areas.  The 
average  amount  of  dry  roughage  fed  per  head  per  year  ranged  from 
4,980  pounds  on  ordinary  horse  farms  to  5,380  pounds  on  big-team- 
hitch  farms.  When  large  quantities  of  legume  hay  were  fed  there 
was  a  strong  tendency  to  feed  straw  and  corn  stover  along  with  it; 
this  was  especially  true  on  the  big-team-hitch  farms. 

Work  stock  were  pastured,  on  the  average,  approximately  6  months 
per  head  yearly,  mainly  on  grass  and  cornstalks.  Big-team-hitch 
users  had  the  highest  average  for  pasture  utilization,  6.67  months, 
and  2-plow-  and  3-plow-tractor  farms  the  lowest,  5.55  months.  The 
farms  using  tractor  power  fed  an  average  of  199  pounds  less  grain 
and  one  half  month  less  pasture  per  head  per  year  to  work  stock,  and 
280  pounds  more  roughage,  than  did  those  using  only  animal  power. 
By  greater  use  of  pasture,  the  general-purpose-tractor  users  were  able 
to  cut  down  the  amount  of  grain  and  roughage  fed  to  work  stock 
below  that  used  on  the  ordinary  tractor  farms  where  the  amount 
of  work  done  per  head  was  no  less.  In  the  same  way  the  big- team- 
hitch  users  w^ere  able  to  work  their  horses  and  mules  more  hours  per 
year  on  less  grain  than  did  owners  of  ordinary  horse  farms.  Improper 
methods  of  feeding  and  management  of  work  stock  were  evident  in 
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many  instances.  Lower  feed  costs  could  have  been  obtained  in  many 
cases  by  selection  and  use  of  proper  feeds,  reduction  in  grain  fed  idle 
animals  and  those  at  light  work,  and  maximum  utilization  of  pasture. 

The  lowest  cost  of  horse  work  in  1929,  omitting  wages  of  operators, 
was  11.8  cents  per  head  per  hour  on  the  big-team-hitch  farms,  and  the 
highest  was  14.5  cents  per  head  per  hour  on  the  2-plow-tractor  farms. 
At  the  1931-32  prices  for  feed  and  labor,  the  costs  would  have  been 
6.4  and  7.9  cents,  respectively.  Feed  was  the  most  important  item 
in  the  cost  of  horse  work,  averaging  71  to  76  per  cent  of  the  total 
cost  in  1929. 

The  cost  of  truck  work  for  the  home  farm  in  1929  amounted  to  87.4 
cents  per  hour  or  $147.06  per  year.  At  1931-32  prices  the  cost  would 
have  been  84  cents,  a  decrease  of  3.4  cents  per  hour. 

The  total  cost  of  power  of  all  kinds,  both  ow^ned  and  hired,  but  not 
including  wages  for  operators  of  the  owned  tractors  and  horses, 
averaged  in  1929  $1,205.75  per  farm  or  $5.34  per  crop  acre  on  the 
3-plow-tractor  farms,  $943.56  per  farm  or  $5.13  per  crop  acre  on  Ihe 
2-plow-tractor  farms,  and  $922.14  per  farm  or  $4.70  per  crop  acre 
on  the  general-purpose-tractor  farms.  Seventeen  percent  of  the 
total  cost  on  all  tractor  farms  was  hired,  of  which  slightly  over  one 
half  was  belt  power  by  tractors  and  steam  engines.  At  the  prices 
prevailing  the  year  ended  June  30,  1932,  the  costs  would  have  been 
about  33  percent  lower  on  the  2-plow  tractor  farms  and  30  percent 
lower  on  the  3-plow-  and  the  general-purpose-tractor  farms  than 
in  the  year  of  the  survey. 

On  the  big- team-hitch  farms  the  cost  of  all  power  in  1929,  not  in- 
cluding operator's  wages,  was  $4.88  per  crop  acre,  and  on  the  ordinary 
horse  farms  $5.32  per  crop  acre.  At  the  1931-32  prices,  the  cost  of 
owned  power  would  have  been,  on  both  types  of  horse  farms,  45  per- 
cent below  that  of  1929. 

For  all  classes  of  farms  the  average  cost  per  crop  acre,  exclusive  of 
operator  labor,  was  lowest  in  1929  on  the  general-purpose-tractor 
farms  at  $2.91,  and  at  1931-32  prices  appeared  lowest  on  the  big- 
team-hitch  farms  at  $1.74. 

Corn  grown  in  the  ordinary  way  showed  a  lower  cost  per  acre  for 
labor  and  power  when  husked  with  a  2-row  picker  than  when  har- 
vested by  any  other  method  observed.  Oats  showed  the  lowest  cost 
per  acre  for  labor  and  power  in  growing  and  harvesting  when  seeded 
with  an  end-gate  seeder.  The  requirements  and  costs  for  wheat  were 
but  slightly  different  from  those  for  oats  handled  in  the  same  way. 
Hay  cost  less  for  labor  and  power  when  loaded  with  a  loader  from  the 
windrow  than  when  loaded  from  the  swath  or  by  hand  from  the 
windrow. 

Profits  in  farming  depend  in  a  large  measure  upon  cost  of  power 
and  labor  per  unit  of  production.  Changes  in  type  of  power  units 
should  be  made  only  after  due  consideration  of  farm  practices  and 
farm-power  requirements. 
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INTRODUCTION 

Excessive  reddening  of  salted  hides  and  skins  has  long  been 
familiar  to  tanners.  Hide  reddening  is  usually  recognized  by  the 
tanner  as  abnormal  and  is  regarded  with  suspicion.  Consequently 
reddening  has  often  been  the  cause  of  controversy  and  sometimes  of 
litigation  between  dealers,  ocean  carriers,  and  consignees  in  connec- 
tion with  claims  for  allowances  and  adjustments.  The  cause  and 
consequences  of  hide  reddening,  however,  have  not  been  established, 
and,  in  fact,  only  recently  has  the  subject  begun  to  receive  the  scien- 
tific attention  that  would  seem  to  have  been  fully  warranted  long  ago. 

Confusion  frequently  occurs  in  the  leather  trade  as  to  just  what 
condition  is  meant  when  reference  is  made  to  stains,  discolorations, 
and  other  defects  of  hides  and  skins.  Often  different  persons  will 
use  the  same  trade  term  in  referring  to  defective  conditions  that  are 
apparently  very  dissimilar.  The  reddening  here  referred  to  is  prob- 
ably best  known  as  "  frigorifico  reddening  ,  a  term  applied  because 
of  its  frequent  appearance  on  hides  from  South  American  meat- 
packing houses.     It  is  not  confined  exclusively  to  these  hides,  how- 

'  Presented  in  abstract  form  at  the  twenty-ninth  annual  meeting  of  the  American  Leather  Chemists' 
Association,  Atlantic  City,  N.J.,  May  25,  1932. 

'  It  is  desired  to  acknowledge  the  assistance  of  Charles  Thom,  Soil  Microbiology  Division,  in  identifying 
numerous  cultures  of  fungi;  the  helpful  suggestions  of  John  A.  Moran,  formerly  of  the  Industrial  Farm 
Products  Division;  and  the  assistance  of  C.  VV.  Beebe,  Industrial  Farm  Products  Division,  in  determining 
the  pU  values  of  the  salt  samples  and  Mrs.  A.  P.  Bradshaw,  Color  Laboratory,  Bureau  of  Chemistry 
and  Soils,  in  making  spectrophotometric  measurements. 
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ever,  having  been  found  and  reported  on  dry-salted  skins  and  on 
domestic  green-salted  hides.  The  condition  is  also  referred  to  in 
the  trade  as  "  strawberry  "  reddening  and  as  "  heating." 

On  commercially  green-salted  hides  the  condition  often  appears  as 
a  bright-red  discoloration  on  the  flesh  side,  in  spots,  streaks,  and  great 
blotches.  It  may  be  observed  frequently  as  streaks  and  patches  on 
the  exposed  flesh  side  of  piles  of  bundled,  infected  hides.  Often, 
under  optimum  moisture  conditions,  the  red  discolored  areas  are  dis- 
tinctly wet  and  slimy  and  impart  a  bloody  appearance  to  the  flesh 
side  of  the  hide.  When  the  hide  is  partly  dried  out,  the  discoloration 
is  frequently  modified  to  a  rather  nondescript  brown. 

Usually  tbe  discoloration  appears  to  be  confined  only  superficially 
to  the  flesh  surface,  and  is  apparently  removed  by  light  scraping  with 
a  knife.  Actual  destruction  of  fibers  and  loss  of  hide  substance  in 
the  reddened  areas  is  seldom  evident  on  ordinary  visual  inspection. 

An  apparently  similar  reddening  of  salted  fish,  particularly  salted 
codfish,  has  been  reported  for  many  years.  In  the  fish  trade  redden- 
ing was  early  recognized  as  a  matter  of  economic  importance,  and  its 
cause,  effect,' and  prevention  have  been,  therefore,  the  subject  of  much 
scientific  study. 

Although  the  causes  of  the  reddening  of  salted  codfish  and  the 
reddening  of  salted  hides  have  not  been  identified  as  the  same,  there 
is  a  striking  similarity  between  many  of  the  circumstances  under 
which  fish  and  hides  are  cured  and  the  development  and  appearance 
of  the  reddening  in  the  two  cases.  This  strongly  suggests  that  it 
may  be  profitable  to  consider  observations  and  information  from  the 
many  investigations  of  fish  reddening  in  connection  with  studies  of 
hide  reddening. 

REVIEW  OF  THE  LITERATURE 

The  first  scientific  investigation  of  reddened  codfish  is  credited  to 
Farlow  (ii,  12).^  By  examining  scrapings  from  reddened  codfish, 
the  wood  work  of  fishing  vessels,  and  the  packing  houses  at  Gloucester, 
Mass.,  he  found  a  fungus  or  alga  occurring  as  simple  spheroidal 
masses  of  cells  imbedded  in  slime,  to  which  he  ascribed  the  redden- 
ing. He  considered  this  organism  to  be  identical  with  Clathroeystw 
roseo-persicina.  He  found  it  also  as  a  contaminant  of  the  Cadiz  sea 
salt  used  in  curing  the  fish,  and  as  preventive  measures  recommended 
the  use  of  clean,  uncontaminated  salt,  more  sanitary  conditions  of 
handling,  and  temperatures  below  65°  F.  for  storage.  Farlow  also 
found  another  organism  associated  with  the  GlathTocystis^  which  ap- 
peared in  fours  surrounded  by  a  thin  hyaline  envelope.  This  or- 
ganism bore  a  strong  resemblance  to  Gloeocapsa  crepicHnmn  and 
was  described  by  Farlow  under  the  name  of  Saroina  morrhu^we.  He 
did  not  consider  it  responsible  for  the  reddening.  Farlow's  studies 
were  confined  apparently  to  microscopic  examinations  without  cul- 
tural or  inoculation  confirmations. 

Poulsen  {25)  found,  on  mud  at  Copenhagen,  organisms  which  he 
named  Sarcina  littoralis  and  Microeoccus  littoralis^  and  to  which  he 
attributed  the  reddening  of  fish.  He  found  S.  littoralis  to  be  identi- 
cal with  the  S.  morrhuae  of  Farlow. 


^  Italic  numbers  in  parenttieses  refer  to  Literature  Cited,  p.  22. 
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Megnin,  as  reported  by  Bertherand  (3),  gave  Coniothecium  her- 
therandi  as  the  cause  of  the  reddening  of  salted  fish.  Considerable 
question  then  arose  as  to  the  identity  of  Megnin's  Gonioiheciwn  and 
Far  low's  Sarchm. 

Layet  {21)  in  reporting  on  the  Coniothecium  of  Megnin  described 
it  as — 

Round  spores  of  very  pale  rose  color,  with  granular  contents,  and  a  small 
*'  kernel  "  measuring  6  to  10  microns  in  diameter ;  the  largest  of  these  spores 
are  divided  into  two  or  four  equal  parts,  which  become  new  spores;  a  short 
mj'celiura,  hardly  discernible,  in  most  of  these  diminutive  spores. 

Gayon  and  Carles  {27)  described  to  the  Society  of  Public  Hygiene 
at  Bordeaux  a  Bacillus  and  a  Micrococcus  which,  when  mixed,  always 
produced  a  red  color  on  cod.  The  individual  role  of  each  organism 
m  producing  the  discoloration  was  not  determined.  Gayon  and 
Carles  stressed  as  remarkable  the  ability  of  these  organisms  to  live 
on  sea  salt  and  to  develop  on  moist  crystals  of  salt. 

Mauriac  {21^)  in  reviewing  the  public-health  aspects  of  reddened 
fish  concluded  that  this  condition  had  no  direct  connection  with  food 
poisoning.  He  considered  the  salts  used  in  curing  as  the  origin  of 
reddening  organisms  and  recommended  mined  salts  in  preference  to 
solar  salts. 

Edington  {10)  attributed  the  reddening  of  salted  codfish  to  Bacil- 
lus ruhescens,  which  he  described  as  small  nonmotile  rods  from  0.3 
to  0.5  micron  thick  and  from  1.5  to  4  microns  long.  Young  cultures 
did  not  show  red,  but  when  the  moisture  content  of  the  medium  was 
limited  old  cultures  did.  Among  the  prophylactic  measures  proposed 
was  the  addition  of  3  percent  of  boric  acid  to  the  wash  water.  Ed- 
ington apparently  did  not  demonstrate  that  this  organism  produced 
reddening  on  salted  codfish  or  salted  media. 

Le  Dantec  {8,  9)  refers  to  healthy  reddened  codfish  with  firm 
muscular  flesh  beneath  the  discoloration  and  to  spoiled  reddened  cod- 
fish, characterized  by  a  viscous  red  matter  having  an  alkaline  reac- 
tion and  a  sickening  odor.  Algae,  bacilli,  and  cocci  were  associated 
with  the  first  stage,  but  in  the  more  advanced  condition  cocci  and 
a  sarcinal  organism  occurring  in  groups  of  four  were  present.  Le 
Dantec  concluded  that  the  algae  present  were  the  same  as  had  been 
reported  at  various  times  as  Clathrocystis^  Protomycetes^  and  other 
algae,  and,  furthermore,  that  they  were  not  responsible  for  develop- 
ment of  the  reddening. 

Le  Dantec  reported  isolation  of  two  red-forming  organisms,  a 
coccus  and  a  Bacillus.  The  coccus  he  called  "  the  coccus  of  the  red 
of  the  salted  cod."  It  grew  with  difficulty  on  artificial  media  and 
failed  to  reproduce  reddening  on  codfish  unless  associated  with  a 
small  coccus  with  which  it  is  often  found.  The  Ba/nllus  was  motile 
with  a  terminal  spore.  It  was  capable  of  producing  red  on  codfish 
and  of  growing  in  a  saturated  salt  solution  with  variations  in  mor- 
phology from  short  to  long  rods  and  filaments.  This  organism 
was  also  found  on  the  salts  used  for  curing  fish.  Le  Dantec  recom- 
mended the  mixing  of  from  10  to  15  percent  of  bisulphite,  nitrate, 
or  hyposulphite  of  sodium  with  the  salt  to  prevent  development  of 
the  reddening. 

H0ye  (i<5,  16^  17^  18),  in  elaborate  studies  of  the  reddening  of 
salted  fish,  found  molds,  yeasts,  and  bacteria  not  only  capable  of 
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growing  in  high  concentrations  of  salt  but  also  possessing  halophilic 
properties,  in  that  growth  was  more  luxuriant  at  high  salt  concen- 
trations. He  studied  in  much  detail  the  influence  of  high  concen- 
trations of  sodium  chloride  upon  the  morphological  characteristics 
of  the  organisms  originating  from  sea  salts.  H0ye  associated  Torula 
epizooa  and  red  bacteria  with  the  reddening  of  fish,  and  stressed  that 
the  latter  should  be  regarded  with  suspicion  by  curers  of  fish.  He 
found  these  organisms,  together  with  a  number  of  others,  in  many 
samples  of  sea  salt,  including  those  from  Cadiz,  Trapani,  Torrevieja, 
Port  Said,  Ibiza,  and  Tunis,  and  in  salted  fish.  The  red  coccus  re- 
ported was  slightly  oval  and  encapsulated,  always  growing  on  the 
surface  in  raised,  intensive  red  colonies,  and  often  appearing  as  a 
Diplococcus. 

Beckwith  (i),  using  gelose  made  from  brines  found  in  containers 
of  salted  codfish,  isolated  a  diplococcus,  which  he  called  Diplococcus 
gadidarum  and  with  which  he  produced  typical  reddening  on  tubes 
of  shredded  fish.  The  organism  was  strictly  aerobic  and  grew  in  15 
but  not  in  20  percent  salt  solutions. 

Bitting  (4)  found  cocci,  occurring  as  tetrads  or  as  Diplococci^  a 
sporulating  bacterial  rod,  and  an  oidium,  as  the  organisms  usually 
associated  with  the  reddening  of  salted  fish.  The  coccus  averaged 
about  2  to  2.5  microns  in  diameter  and  ranged  from  pink  to  bright 
red.  The  coccus  in  artificial  media  was  nonmotile,  and  no  flagella 
were  noted.  The  organism  was  strictly  aerobic  and  encapsulated. 
Its  growth  was  delayed  in  5  and  10  percent  salt  and  inhibited  by  15, 
20,  and  25  percent  salt  media.  The  Bacillus  was  a  large  rod,  thicker 
at  one  end  than  at  the  other,  owing  to  the  formation  of  a  spore.  This 
organism  grew  well  on  laboratory  media  but  without  color  except 
for  a  pink  tint  on  bread  paste.  Bitting  attributed  the  reddening  of 
fish  to  the  coccus  and  reproduced  red  viscous  discolorations  on  fish 
with  inoculations  from  cultures  of  it. 

Kellerman  {20)^  in  reporting  on  two  cocci  from  red  codfish,  con- 
siders one  of  them  identical  with  Micrococcus  litt oralis  (Poulsen^, 
Sarcina  Uttoralis  (Poulsen),  Clathrocystis  roseo-persicina  (Farlow), 
Diplococcus  gadidarmn  ( Beckwith ) .  This  micrococcus  ranges  from 
1.2  to  1.6  microns  in  diameter.  It  occurs  in  clumps  but  more  fre- 
quently in  the  diplococcus  and  single  coccus  formation.  Cultures 
isolated  in  1907  and  allowed  to  dry  out  were  revived  in  1911.  When 
they  were  again  dried  and  revived  in  1914,  it  was  found  that  they 
had  retained  their  typical  characteristics.  For  the  other  and  smaller 
micrococcus  Kellerman  suggested  that  the  name  Micrococcus  Uttoralis 
gadidafrunn  be  retained.  This  organism  measured  from  0.35  to  0.5 
micron  in  diameter.  Both  organisms  were  aerobic  and  when  asso- 
ciated grew  especially  well.  Both  of  them  grew  in  media  containing 
as  much  as  30  percent  sodium  chloride.  Kellerman  points  out  that 
because  of  their  extreme  halophilic  properties  these  organisms  cannot 
be  described  by  reference  to  the  conventional  chart  of  the  Society  of 
American  Bacteriologists. 

Brown  (J)  ascribed  the  reddening  of  fish  to  two  organisms,  a 
*'  spirochaete  "  and  a  "  bacterium  ",  originating  from  the  sea  salt 
used  in  curing.  Owing  to  the  close  harmonious  intergrowth  of  these 
organisms,  whose  separation  into  pure  culture  was  very  difficult,  the 
color  ranged  from  pale  opaque  pink  to  deep  transparent  crimson. 
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Good  frrowth  occurred  on  heavily  salted  fish,  brine,  sea  salt,  and 
media  saturated  with  sea  salt.  The  organisms  also  exhibited  de- 
cided heliophilic  and  thermophilic  characteristics.  Both  organisms 
were  strictly  aerobic  and  their  shape,  size,  and  motility  were  influ- 
enced by  the  salt  concentration.  Spherical  forms  were  found  in  18 
percent  or  more  of  salt.  Sea  salts  from  all  over  the  world  were 
found  to  contain  Spirocheta  halophilica  and  Bacteriwn  halophilica^ 
whereas  mined  and  domestic  salts  seemed  to  be  free  of  them. 

Harrison  and  Kennedy  {13)  first  thought  that  the  reddening  was 
caused  by  two  organisms,  which,  however,  they  showed  later  to  be 
but  one  of  a  highly  pleomorphic  nature,  the  ability  of  which  to 
undergo  regenerative  changes  in  morphology  is  attributed  to  a  syn- 
plastic  stage  of  growth.     The  red  organism — 

occurs  as  spheres  and  also  as  long  rods,  the  former  averaging  2  to  3  microns 
In  diameter  and  the  latter  from  1  to  1.6  microns  in  width  and  as  long  as  15 
microns.  Between  these  two  extremes  many  intermediate  forms  may  be 
found,  differing  in  diameter,  length,  and  shape — oval,  amoeboid,  clavate, 
cuneate,  truncate,  pointed,  spindle,  club,  and  i)ear  shape. 

From  examination  of  brines  from  Turks  Islands  they  conclude  that 
the  spherical  form  is  the  first  shape  encountered  in  the  natural 
habitat  of  this  organism,  which  in  all  probability  is  sea  water. 
Changes  in  morphology  of  the  organism  with  changes  in  salt  con- 
centration are  described  in  detail.  They  showed  that  all  known 
solar  or  sea  salts,  such  as  those  from  Ibiza,  Trapani,  Torrevieja,  and 
Turks  Islands,  contain  the  red  organism,  whereas  they  were  never 
able  to  find  it  in  mined  salts.  While  pointing  out  certain  objections 
to  placing  the  organism  in  the  genus  Pseudomona^  they  suggested 
that  for  the  time  oeing  the  name  Pseudomonas  scdinanria  be  retained 
for  it.  They  rejected  the  names  Rhodo-hacter  and  Rhodo-hacillus^ 
as  these  had  already  been  used  for  classifying  some  of  the  thio- 
bacteria. 

Cloake  (7)  reported  the  reddening  of  salted  codfish  caused  by  a 
coccus  and  an  organism  designated  X.  These  organisms  could  grow 
only  in  high  salt  concentrations.  Organism  X  was  exceedingly 
polymorphic. 

Tattevin  (32)  made  a  detailed  study  of  the  microflora  of  sea 
water,  sea  salts,  and  brines  and  on  the  basis  of  his  findings  and  a 
review  of  the  available  literature  concluded  that  the  principal  or- 
ganisms involved  in  the  reddening  of  salted  flesh  were  Micrococcus 
littoralis  (Poulsen),  M.  gadidarwm  (Beckwith),  Sarcina  litt oralis 
(Poulsen),  Bacillus  rubescens  (Edington),  the  red  bacillus  of  New- 
foundland (Le  Dantec),  and  Claihrocystis  roseopersicina  (Cohn). 
He  further  concluded  that  the  development  of  the  red  color  was  the 
initial  sign  of  rapid  microbic  increases  of  all  kinds. 

Scientific  studies  of  the  reddening  of  hides  and  skins  begin  to 
make  their  appearance  only  in  comparatively  recent  literature.  In 
a  letter  to  the  president  of  the  Camara  de  Sub-Productos  Ganaderos 
de  la  Bolsa  de  Comercio  en  Buenos  Ayres,*  the  South  American  pro- 
ducers of  f rigorifico  hides  stated  that  flesh  reddening  of  hides  had 

*  Letter  from  the  American  consul  at  Buenos  Aires  to  the  Secretary  of  State  inclosing 
a  letter  dated  Apr,  4,  1928,  to  the  president  of  the  Camara  de  Sub-Productos  Ganaderos  de 
la  Bolsa  de  Comercio  en  Buenos  Aires  from  the  packing  plants  in  Arsentina  with  refer- 
ence to  claims  for  alleged  damage  to  hides.  (Copy  on  file  in  Industrial  Farm  Products 
Division,  Bureau  of  Chemistry  and  Soils.) 
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been  the  subject  of  study  by  them  for  more  than  10  years,  and  that 
it  is  caused  probably  by  chromogenic  bacteria  or  colored  fungi.  They 
found  the  stain  to  be  confined  to  the  flesh  surface  and  capable  of 
being  easily  scraped  off.  The  organisms  were  found  on  the  salts 
used  for  curing  and  were  strictly  aerobic.  They  stated  that  the 
appearance  of  red  color  did  not  necessarily  indicate  heating  in  the 
pack  but  was  influenced  by  atmospheric  conditions,  and  that  the 
red  organisms  had  no  particular  aversion  to  the  hair  side  but  were 
merely  difficult  to  discern  there. 

Stather  (28)  termed  brick-red  to  carmine-red  spots  on  the  flesh 
"  heating  spots."  They  often  cause  a  loosening  of  the  hair  and  grain 
damage.  He  isolated  organisms  from  such  spots  and  found  that 
salt  in  low  concentrations  stimulated  them,  whereas  higher  concen- 
trations inhibited  their  growth.  The  bacteria  isolated  were  the  more 
common  types  usually  found  on  normal  hides  such  as  Micrococcus 
pyogenes  Ofuretcs,  Bacterium  mesentericus^  a  Sarcina^  a  Corynebcvc- 
teriumfh^  and  two  species  of  Actinomyces. 

Bergmann  (^),  in  reporting  on  work  with  Stather,  says  that  the 
opinion  that  red  discoloration  alters  only  the  surface  of  the  flesh  side 
and  therefore  does  no  damage  coincides  with  the  facts  as  long  as  the 
red  discoloration  is  in  its  first  stages,  but  is  not  correct  if  the  condi- 
tion is  in  advanced  stages.  Pure  cultures  of  a  number  of  organisms 
were  isolated  from  red  spots,  among  which  the  following  were  iden- 
tified: Sarcina  lutea.,  S.  cmriantica,  Micrococcus  roseus^  M.  tetra- 
genus,  Proteus  variety,  Actinomyces  variety,  and  Bacillus  subtilis. 
These  organisms  showed  very  low  salt  tolerance,  more  than  8  percent 
salt  inhibiting  growth  of  even  the  most  resistant. 

Lloyd  {23)  attributed  reddening  of  salted  hides  to  red  and  yellow 
chromogenic  halophilic  bacteria  that  she  isolated  on  25  percent 
sodium  chloride  agar  plates  from  salts  and  brines  used  in  curing. 
She  considered  this  type  of  reddening  entirely  different  from  the  red 
stains  described  by  Stather  and  as  evidence  of  this  fact  pointed  out 
the  marked  difference  in  salt  tolerance  between  the  organisms  studied 
by  her  and  the  ones  reported  by  Stather.  Lloyd  stated  that  the  evi- 
dence of  actual  damage  to  hides  by  halophilic  bacteria  is  very  slight. 
Atmospheric  humidity  and  temperature  were  shown  to  play  an  im- 
portant part  in  the  growth  of  the  organisms,  which  were  strictly 
aerobic.  Lloyd  brought  out  that  halophilic  bacteria  are  not  found 
commonly  on  fresh  hides  or  in  ordinary  dust  or  dirt,  but  are  intro- 
duced through  use  of  salt  of  marine  origin.  After  a  thorough  his- 
tological study,  Lloyd  recommended  the  addition  of  1.5  percent  of 
sodium  bisulphate  to  the  salt  for  prevention  of  reddening. 

Stather  and  Liebscher  {30,  31)  from  a  continuation  of  their  studies, 
to  which  work  Bergmann  referred,  concluded  that  reddening  was 
caused  by  microorganisms  commonly  found  on  raw  hides  and  skins. 
The  limit  of  salt  tolerance  for  these  organisms  they  found  to  be 
16  percent.  The  organisms  were  able  to  grow  over  a  wide  range 
of  pH,  good  growth  being  obtained  in  some  instances  at  pH  11.0. 
In  advanced  stages  of  reddening  the  epidermis  was  often  destroyed, 
and  at  such  spots  the  hair  slipped.  The  organisms  were  also  found 
to  split  fats,  and  consequently  infected  hides  produced  uneven 
leathers. 
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Stather  (^.9),  after  a  preliminary  examination  of  cultures  from 
Lloyd,  stated  that  Lloyd  s  cultures  were  very  similar  to  the  organ- 
isms reported  by  him  except  for  a  somewhat  greater  tolerance  of 
salt.  He  believed  no  distinction  should  be  made  between  types  of 
flesh  reddening  since  his  work  indicated  no  essential  difference  beyond 
that  attributable  to  strain  variations  of  organisms  of  the  same  gen- 
eral type. 

Robertson  (36)  cultivated  halophilic  organisms  from  four  varieties 
of  curing  salts  on  agar  media  containing  30  percent  sodium  chloride. 
These  cultures  were  chromogenic  and  chiefly  cocci  of  sarcinal  type. 
They  were  compared  for  salt  tolerance  with  cultures  of  the  organ- 
isms reported  by  Stather  and  also  cultures  of  "  proteus,  pyocyaneous, 
and  fluorescens  liquefaciens."  It  was  shown  that  none  of  the  non- 
halophilic  organisms  gave  any  sign  of  growth  in  broth  of  a  sodium 
chloride  concentration  as  high  as  8  percent,  whereas  with  cultures 
from  salt  the  heaviest  growths  were  obtained  at  high  sodium  chloride 
concentrations  and  no  growth  took  place  at  less  than  6  percent  salt 
concentration.  Robertson  concluded  that  certain  brick-red  stains  on 
salted  hides  are  produced  by  halophilic  or  salt-loving  organisms  that 
come  from  marine  salts  used  in  curing. 

Hausam  (i^)?  continuing  the  work  of  Stather  and  of  Stather  and 
Liebscher,  reported  the  isolation  of  Bacillus  frodigiosus  from  salted 
hides  and  skins,  and  attributed  the  development  of  initial  reddening 
to  this  organism. 

Harowitz-Wlassowa  (19)  reported  the  isolation  of  a  red  chromogen 
from  the  intestinal  tract  of  cattle  that  was  capable  of  causing  the 
flesh  reddening  of  salted  hides. 

It  is  thus  evident  that  there  is  a  marked  lack  of  agreement  between 
findings  reported  and  that  there  is  still  a  great  diversity  of  opinion 
as  to  the  true  cause  of  hide  reddening  and  its  effect  upon  both 
the  quantity  and  quality  of  the  resulting  leather. 

Many  investigators  agree  in  attributing  the  source  of  the  causa- 
tive organisms  to  the  salts  used  in  curing.  Others,  however,  indi- 
cate that  organisms  causing  reddening  may  be  found  normally  on 
freshly  flayed  hides  and  skins. 

Early  workers  on  fish  first  specified  algae  as  the  cause  of  redden- 
ing, but  subsequently  found  bacterial  cocci  in  large  numbers  asso- 
ciated with  reddening  and  concluded  that  these  were  the  cause 
rather  than  algae.  With  the  introduction  of  cultural  methods  in 
subsequent  studies  much  confusion  arose  over  the  identity  of  the 
chromogenic  cultures  isolated  on  media  of  high  salt  content.  Some 
investigators  classified  them  as  cocci  (obligate  halophilic),  whereas 
others  who  studied  such  cultures  on  media  of  different  salt  concen- 
trations noted  marked  variations  in  morphology.  These  variations 
were  first  attributed  to  the  presence  of  more  than  one  organism, 
existing  possibly  in  symbiotic  relationship.  However,  after  a 
thorough  study  of  such  cultures,  Harrison  and  Kennedy  (IS)  con- 
cluded that  the  different  morphological  forms  belonged  to  the  same 
organism,  the  coccus  form  occurring  at  high  concentrations  of  salt 
and  the  rod  form  at  low  concentrations. 

Some  workers  consider  that  the  evidence  of  damage  to  hides  and 
skins  by  reddening  is  slight,  whereas  others  associate  hair-slip  and 
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uneven  leathers  with  the  condition.  Bergmann  (2)  claims  that 
with  the  first  appearance  of  the  red  color  there  is  little  or  no  evi- 
dence of  damage  to  hides  and  skins,  but  in  advanced  stages  definite 
damage  can  be  attributed  to  its  development. 

SALT  AS  A  SOURCE  OF  REDDENING  MICROORGANISMS 

PRESENCE   OF  RED  CHROMOGENIC   ORGANISMS   IN   VARIOUS   SAMPLES 

Most  of  the  workers  on  the  reddening  of  salt-cured  products  have 
attributed  the  source  of  the  causative  organisms  to  the  salts  used. 
Therefore,  a  large  collection  of  commercial  salts  used  for  curing 
hides  and  skins  was  examined. 

For  this  purpose  a  modification  of  the  fish-rice  medium  of  Clayton 
and  Gibbs  (S)  was  used.  A  hide-peptone-salt  broth  was  prepared 
by  steaming  1  pound  of  freshly  flayed  calfskin  in  1,000  cc  of  water 
for  1  hour.  To  the  pressed  broth  from  this  digestion  0.1  percent  of 
peptone  and  28  percent  of  sea  salt  were  added.  Twenty  cubic 
centimeters  of  this  preparation  was  added  to  5  g  of  polished  rice 
in  a  50-cc  Erlenmeyer  flask,  and  the  w^hole  was  sterilized  in  an 
autoclave  at  15  pounds  pressure  for  30  minutes.  This  medium  will 
be  referred  to  as  medium  A,  or  the  hide-salt-rice  medium.  Sea 
salt  was  used  with  the  idea  that  it  would  provide  the  most  natural 
and  favorable  salt  environment,  because  of  its  content  of  organic 
and  mineral  matter  other  than  sodium  chloride. 

Five  grams  of  each  salt  examined  was  added,  in  solid  form,  to 
a  flask  containing  medium  A,  and  for  the  first  3  days  2  cc  of  sterile, 
distilled  water  was  added  to  each  flask  daily.  All  flasks  were  in- 
cubated for  21  days  at  37.5°  C.  Throughout  the  incubation 
period  an  excess  of  solid  salt  was  present  in  every,  flask.  All  micro- 
scopically visible  red,  pink,  rose-red,  and  crimson  growths  were 
tentatively  considered  as  indicative  of  the  presence  in  the  salt  of 
organisms  capable  of  reddening  salted  hides  and  skins. 

The  results  of  this  examination,  are  summarized  by  types  of  salt 
in  table  1. 

Table  1. — Redd&img  organisms  in  commeroial  unused  salts 


Type  of  salt 

Samples 
examined 

Samples  with  red  growth- 

Present 

Absent 

Number 
35 
12 
39 
17 
62 

Number 

34 

0 

25 

0 

0 

Percent 

97 

0 

64 

0 

0 

Number 

Solar,  kiln  dried.. 

12 

G  A.  open  pan 

14 

Fine,  vacuum  pan 

17 

62 

1  All  samples  were  obtained  from  the  same 

manufactui 

rer  and  had 

the  same  orig 

in. 

The  samples  of  salt  were  not  collected  directly  or  under  aseptic 
conditions.  Consequently  there  is  the  possibility  of  an  occasional 
error  in  identification  of  individual  samples  and  also  of  accidental 
contamination.  Regarding  accidental  contamination  with  red  or- 
ganisms, however,  it  would  seem  that  this  possibility  can  be  elimi- 


THE  REDDENING  OF  SALTED  HIDES  9 

nated  from  consideration  in  view  of  the  consistent  absence  of  these 
organisms  in  62  samples  of  mined  salt  included  in  the  collection. 

The  crude  solar  salts  included  samples  from  South  America,  Turks 
Islands,  Spain,  Utah,  and  California.  Of  these,  all  but  one  devel- 
oped the  red  growth. 

The  kiln-dried  solar  salts  were  all  from  one  source,  and  none  gave 
evidence  of  the  presence  of  red  chromogenic  organisms. 

The  results  with  grainer  or  open-pan,  artificially  evaporated  sam- 
ples, all  of  domestic  origin,  were  unexpected  and  may  be  exceedingly 
significant  in  pointing  out  possible  additional  sources  of  the  redden- 
ing organisms  and  their  distribution.  Their  presence  raises  the 
?uestion  as  to  whether  there  may  be  some  connection  here  with  the 
aint  pink  blush  frequently  reported  on  the  flesh  of  domestic  cured 
calfskms.  There  has  been  no  opportunity  yet  to  systematically  trace 
the  origin  of  the  organisms  in  any  of  these  grainer  salts. 

All  samples  of  domestic  salt  artificially  evaporated  in  vacuum 
pans  failed  to  show  any  red  growth. 

The  samples  of  mined  or  rock  salts  were  from  New  York,  Louisi- 
ana, Michigan,  and  Russia,  but  represent  only  four  rock-salt  deposits. 
Without  exception,  these  samples  failed  to  develop  a  red  grow^th, 
which  is  in  agreement  with  the  results  of  several  previous  investi- 
gators and  upon  which  they  based  their  recommendations  of  mined 
salt  for  curing  fish  to  prevent  reddening.  Mined  or  rock  salt  is 
generally  prepared  simply  by  mining,  crushing,  and  screening,  with- 
out the  use  of  water,  another  point  that  may  be  significant  with 
regard  to  the  source  of  the  reddening  organisms. 

These  results  show  beyond  a  reasonable  doubt  that  some  salts  are 
contaminated  with  reddening  microorganisms.  Almost  all  crude 
solar  salts  are  heavily  infected  with  such  organisms,  and  some  G.A., 
or  open-pan  evaporated  salts,  also  carry  them.  The  freedom  of 
mined  salts  from  these  chromogens  must  not  be  misinterpreted  as 
proof  of  their  superiority  for  curing  hides  and  skins.  Mined  salts 
come  in  the  class  of  crude  or  unrefined  salts.  They  were  usually 
found  to  carry  a  rather  heavy,  mixed  nonchromogenic  microflora,  of 
as  yet  undetermined  influence  upon  hides  and  skins.  Yesair  ^  has 
recently  shown  that  such  salts  offer  a  source  of  varied  infections  in 
meat  packing. 

RED  GROWTH  ON  HIDES  AS  RELATED  TO  SALT  ORGANISMS 

To  correlate  the  development  of  red  growth  on  hides  and  skins 
with  the  results  obtained  on  laboratory  medium  A,  the  following 
parallel  sets  of  experiments  were  made:  A  freshly  flayed  calfskin 
was  thoroughly  fleshed  and  the  hair  clipped  off  close.  The  skin  was 
then  cut  into  small  pieces,  which  were  thoroughly  washed  with  water. 
Twenty  grams  of  the  prepared  wet  skin  w^as  then  placed  in  a  50-cc 
Erlenmeyer  flask  to  which  was  added  15  g  of  salt  to  be  tested.  The 
flasks  were  then  incubated  for  6  weeks  in  a  saturated  humidity  at 
65°  C,  after  which  inspection  was  made  for  the  development  of  a 
red  discoloration. 


»  Yesaib,  J.  BACTERIAL  CONTENT  OF  SALT.  Address  given  at  the  meeting  of  the  meat 
section  of  the  National  Canners'  Association,  Chicago,  111.,  Jan.  23,  1930.  4  p.  [Mimeo- 
graphed.] 
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For  the  tests,  summarized  in  table  2,  25  samples  that  had  de- 
veloped reddening  on  medium  A,  comprising  16  solar  evaporated 
and  9  artificially  evaporated  salts,  were  selected.  Of  these,  23  de- 
veloped reddening  on  calfskin  at  55°  C.  Also  25  samples  that  had 
not  developed  reddening  on  medium  A,  comprising  1  solar  kiln- 
dried,  12  mined,  and  12  artificially  evaporated  salts,  were  selected. 
None  of  these  gave  evidence  of  reddening  on  calfskin.  For  con- 
trols, 50  separate  portions  of  a  sterilized  chemically  pure  sodium 
chloride  were  run.  All  failed  to  show  a  red  growth  on  either  medium 
A  or  the  pieces  of  calfskin. 

Table  2. — Reddening  produced  on  mediuvn  A   and  on  calfskin  ty  the  same 

collection   of   salts  ^ 


Type  of  salt 

Total  samples 
examined 

Samples  showing  reddening 
on- 

Number 

16 

1 

21 

■     12 

Medium  A 

Calfskin 

Solar,  crude 

Number 
16 
0 
9 
0 

Number 

15 

Solar,  kiln-dried -..    .         .  .      

0 

Artificially  evaporated 

8 

Mined 

0 

1  Controls  consisted  of  2  sets  of  25  flasks  each,  1  set  containing  medium  A  and  the  other  set  calfskin,  to 
which  sterilized  chemically  pure  sodium  chloride  was  added.    None  of  the  controls  developed  red  growth. 

These  results  show  that  the  Clayton  and  Gibbs  medium  or  a  suit- 
able modification,  such  as  the  one  described,  while  possibly  not  infal- 
lible, provides  a  simple,  practical  means  for  testing  various  salts  for 
the  probability  of  their  developing  reddening  when  used  on  hides 
and  skins. 


FACTORS  INFLUENCING  THE  DEVELOPMENT  OF  IHDE  REDDENING 

Since  Le  Fevre  and  Bound  (^^),  Stather  and  Liebscher  {SO,  31), 
and  others  have  shown  that  generally  organisms  isolated  from  brines 
and  salted  hides  prefer  alkaline  conditions  for  growth,  it  was  thought 
that  there  might  be  a  correlation  between  the  alkalinity  or  acidity 
of  the  salts  examined  and  the  development  of  red  growth.  Eighteen 
salts,  comprising  six  samples  for  each  of  the  three  different  types, 
were  accordingly  tested  for  their  reaction.  With  boiled,  distilled 
water,  solutions  of  4  M,  1  M,  and  0.1  M,  respectively,  were  made  of 
each  salt  selected.  The  pH  of  these  solutions  was  determined  elec- 
trometrically  with  the  hydrogen  electrode  and  colorimetrically  with 
isohydric  indicators.    The  results  are  given  in  table  3. 

The  results  do  not  show  differences  in  pH  of  either  sufficient  mag- 
nitude or  consistency  to  explain  the  differences  in  behavior  of  the 
several  t5rpes  of  salt  in  developing  reddening.  However,  they  do 
show  that  the  commercial  salts  used  in  curing  are  in  general  dis- 
tinctly alkaline.  This  is  particularly  interesting  in  view  of  existing 
recommendations  for  the  use  of  acid  salts  and  brines  for  hide 
curing. 

Several  workers  have  noted  that  certain  factors  exert  important 
influences  upon  the  development  of  red  discolorations  on  salted  hides 
and  skins  under  conditions  of  commercial  storage.     Preliminary 
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studies  were  made  in  the  laboratory  to  determine  the  extent  to  which 
these  factors  influenced  the  development  of  reddening  on  pieces  of 
salted  calfskin  when  the  microorganisms  were  known  to  have  been 
introduced  through  the  use  of  naturally  contaminated  salt. 

Table  3. — pH  measurements  of  different  salt  solutions  at  various  concentrations 


Crude  solar  salt 

Artificially  evaporated  salt 

Mined  salt 

Sample 

4  molar 

1  molar 

0.1 
molar 

Sample 

4  molar 

1  molar 

0.1 
molar 

Sample 

4  molar 

1  molar 

0.1 
molar 

H.I 

C.» 

H. 

C. 

H. 

C. 

H. 

C. 

H. 

C. 

H. 

C. 

H. 

C. 

H. 

c. 

H. 

C. 

A 
B 
C 
D 
E 
F 

9.0 
8.0 
7.4 
7.4 
8.2 
7.8 

8.9 
7.6 
7.6 
7.4 
7.6 
7.6 

8.8 
8.3 
7.6 
7.6 
8.6 
7.5 

9.0 
7.9 
7.6 
7.4 
7.7 
7.6 

8.8 
8.2 
7.6 
7.7 
8.2 
7.2 

8.7 
8.0 
7.4 
7.4 
8.6 
7.3 

O 
H 

I 
J 
K 
L 

7.6 
8.0 
7.8 
8.0 
8.1 
8.6 

7.5 
8.0 
7.8 
8.1 
7.6 
7.7 

8.4 
8.4 
8.1 
8.2 
8.4 
8.2 

8.1 
8.1 
8.1 
8.1 
8.0 
7.7 

8.4 
8.3 
8.4 
8.4 
8.8 
8.0 

8.7 
8.2 
8.2 
8.1 
7.6 
7.7 

M 
N 
0 
P 

g 

7.4   7.8   8.1 
7.7   7.6   8.2 
8.0   7.2   8.3 
7.4   6.9   7.7 
7.7    7.2   8.2 
8.0  7.0  8.2 

8.0 
8.0 
8.1 
7.2 
7.9 
7.2 

8.3 
8.4 
8.6 
7.6 
8.7 
8.4 

8.2 
8.2 
8.4 
7.3 
8.4 
7.5 

J  pH  values  determined  with  the  hydrogen  electrode. 
*pH  values  determined  colorimetrically. 

To  determine  the  importance  of  temperature,  humidity,  and  acid- 
ity, pieces  of  clipped  and  washed  calfskin  salted  on  the  flesh  side 
with  an  excess  of  a  crude  solar  salt  that  had  been  shown  by  cul- 
turing  on  medium  A  to  be  heavily  contaminated  with  reddening 
organisms,  were  used. 

The  effect  of  temperature  was  studied  by  incubating  pieces  over 
water  at  20°,  30°,  37.5°,  45°,  and  55°  C.  Reddening  developed 
within  2  weeks  at  all  these  temperatures.  Brick-red  discolorations 
predominated  at  37.5°,  coral-pink  colors  at  the  lower  temperatures, 
and  bright-crimson  discolorations  at  the  higher  temperatures. 
These  results  show  that  reddening  will  develop  on  the  flesh  of  salted 
hides  over  a  wide  range  of  temperature  conditions.  High  tempera- 
ture is  not  essential  for  the  development  of  reddening,  although  it 
may  intensify  the  color. 

To  determine  the  influence  of  relative  humidity,  pieces  Were  in- 
cubated at  37.5°  C.  in  relative  humidities  of  100,  80,  60,  40,  and  25 
percent  saturation.  Red  discolorations  developed  only  at  relative 
humidities  of  60  percent  and  above.  Reddening  was  distinctly  more 
generalized  and  intensified  at  the  higher  relative  humidities  than  at 
60  percent.  These  results  show  that  relatively  high  humidities  are 
necessary  for  the  development  of  flesh  reddening. 

The  effect  of  acidity  was  studied  by  adding  NaHSO*  and  NaoCOg, 
respectively,  to  the  contaminated  solar  salt  used.  In  a  slightly 
acid  condition,  obtained  by  adding  from  0.5  to  1  percent  NaHSO* 
to  the  salt,  reddening  was  greatly  delayed  and  of  a  pale-red  shade, 
as  compared  with  the  brick-red  discoloration  formed  when  the  con- 
taminated salt  alone  was  used.  Under  alkaline  conditions,  obtained 
by  adding  1,  2,  and  3  percent,  respectively,  of  NaoCOg,  reddening 
developed  sooner  and  was  more  intense  than  with  the  contaminated 
salt  alone.  The  results  show  that  the  addition  of  small  quantities 
of  alkali  carbonates  does  not  prevent  reddening,  and  they  further 
indicate  that  the  reddening  organisms  prefer  alkaline  conditions  for 
growth. 
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These  studies  with  salts  strongly  suggest  that  most  cases  of  flesh 
reddening  result  from  the  use  of  contaminated  salt,  although  the 
possibility  of  contamination  with  reddening  organisms  from  other 
sources  is  not  eliminated.  They  substantiate  the  general  observa- 
tions and  experiences  of  the  trade  regarding  the  influence  of  tempera- 
ture, humidity,  and  acidity  on  the  development  of  reddening  on  hides 
and  skins  in  commerce. 

THE  MICROBIOLOGY  OF  HIDE-REDDENING  ORGANISMS 

METHODS  OF  ISOLATION 

Red  growths  upon  medium  A  and  hides  resulting  from  the  use  of 
contaminated  salts  were  invariably  found  by  direct  microscopic 
examination  to  consist  largely  of  cocci ,^  with  either  diplococcal  or 
apparent  sarcinal  arrangements.  With  these  cocci  there  were  usually 
associated  threadlike  organisms  and  other  microorganic  forms 
resembling  perithecial  bodies  of  fungal  growth.  There  was  great 
variation  in  size  of  the  cocci  even  within  the  same  culture.  Often  the 
individual  cells  within  a  single  sarcinalike  group  showed  marked  dif- 
ferences in  size.  These  cocci  appeared  also  to  be  encapsulated.  Under 
low  magnification  and  in  wet  mounts  a  red  color  could  often  be  seen 
associated  with  large  aggregates  of  cocci.  These  masses  of  cells  were 
usually  embedded  in  a  gelatinous  slime,  making  differentiation  of  the 
individual  cells  difficult.  The  cocci  in  some  of  these  masses  had  no 
evident  regularity  of  arrangement,  whereas  in  others  they  were 
arranged  in  a  definite  manner.  One  type  of  regular  arrangement  of 
coccal  cells  observed  is  shown  in  plate  1,  A. 

Wlien  typical  red  slimy  growths  from  medium  A  and  from  salted 
hides  and  skins  were  dried  in  thin  films,  amorphous  masses  adhered 
to  the  crystallized  salt  (pi.  1,  B).  These  masses  did  not  dissolve  in 
dilute  hydrochloric  acid,  but  instead  became  swollen  and  when 
crushed  under  a  cover  glass  were  found  to  consist  essentially  of  cocci 
similar  to  those  observed  in  the  slime  before  drying. 

To  classify  such  coccal  cells  by  direct  microscopic  examination 
would  be  hazardous,  since  in  dried  and  stained  preparations  they 
could  be  preliminarily  classified  as  large-celled  bacterial  sarcina,  or 
diplococci,  whereas  in  wet  preparations  they  closely  resembled  cer- 
tain of  the  lower  algae,  the  fragmentation  spores  of  actinomyces,  and 
vegetative  resting-spore  stages  in  the  life  cycles  of  certain  fungi. 

Attempts  were  made  to  secure  isolations  from  the  red  slimy 
growths  on  hides  and  on  medium  A  by  using  a  solid  medium  made 
of  calfskin  broth,  agar,  and  25  percent  sea  salt.  This  was  called 
medium  B.  Most  luxuriant  red  growths  were  usually  obtained  at 
pH  8.0  (pi.  2) .  By  repeated  streak  transfers  it  was  found  possible 
to  maintain  such  cultures  practically  indefinitely  on  this  medium,  on 
which  they  presented  a  fairly  constant  morphological  picture  of 
cocci  with  sarcinal  or  diplococcal  arrangements,  very  similar  to  the 
red  growths  from  which  they  were  cultured.  These  cultures,  in 
general,  appeared  to  be  similar  to  the  halophilic  cultures  reported  by 
Bitting  (4),  Kellerman  (20),  Beckwith  (i),  Lloyd  (23),  and 
Robertson  (26). 

« The  terms  coccus  and  cocci  in  this  bulletin  refer  to  spherical  cells  and  not  to  their 
more  restricted  meanings  as  associated  with  bacteriological  nomenclature. 


Tech.  Bui.  383.  U.S.  Dept.  of  Agriculture 


Plate  l 


\u^ 


#• 


•.«• 


>.    • 


f 


^  ^  J    ♦" 


♦  •^  * 


A,  Group  of  coccal  cells  found  in  red  growth  induced  by  contaminated  salt.  Unstained  wet  mount. 
B,  Amorphous  mass  adhering  to  salt  crystals.  Unstained.  C,  Twenty-four  hour  growth  of  rod  form 
on  dextrose  agar.  D,  Forty-eight  hour  growth  of  rod  form  on  dextrose  agar  showing  large  granulated 
cell  structure.  E,  Cells  from  young  cap.  F,  Cells  from  old  dried  cap.  A  and  B  X  1,000:  C,  D,  E,  and 
F  X  1,800. 
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It  was  noted  early  in  this  study  that,  when  maintained  on  a 
medium  containing  25  percent  salt,  these  cultures  stained  as  cocci 
only.  When  transierred  to  media  of  lower  salt  concentrations,  how- 
ever, they  produced  not  only  cocci  but  organisms  resembling  ovoid- 
bacilli,  threadlike  bacteria,  and  mold  growths  of  one  kind  or  another. 
These  cultures  were  unquestionably  mixed.  This  fact  was  also  recog- 
nized by  Lloyd  (23),  Robertson  (26),  and  Stather  (29)  in  isolating 
and  studying  cultures  on  media  of  high  salt  content. 

The  actual  nature  of  the  organisms  involved  in  these  cultures  is  a 
moot  question.  Many  of  the  investigators  would  class  them  as  obli- 
gate halophilic  bacteria.  Robertson  (26)  reported  an  inability  to 
secure  growth  of  such  cultures  with  sodium  chloride  concentration 
below  6  percent.  Others  apparently  would  interpret  these  growths 
as  pleomorphic  strains  of  ordinary  bacteria.  Stather  (29)  reported 
that  from  such  halophilic  cultures  he  was  able  to  isolate  organisms 
similar  to  those  he  found  normally  on  hides  and  that  the  halophilic 
cultures  he  received  from  Lloyd  could  be  induced  to  grow  on  media 
containing  little  or  no  sodium  chloride. 

Red  cultures  developed  on  medium  B  were  suspended  in  25  percent 
sodium  chloride  solutions.  When  brined  in  these  suspensions  and 
resalted  with  chemically  pure  sterile  sodium  chloride,  pieces  of 
clipped,  washed,  fresh  calfskin  showed  a  flesh  reddening  in  about  7 
days  at  37.5°  C. 

CLASSIFICATION  AND  IDENTIFICATION 

A  persistent  effort  was  made  to  establish  the  actual  identity  and 
nature  of  these  cultures. 

Numerous  investigators  have  clearly  established  marked  changes  in 
the  morphology  of  pure  cultures  when  they  are  transferred  to  media 
of  increasing  concentration  of  sodium  chloride.  It,  therefore,  seemed 
necessary  as  a  first  step  in  a  taxonomic  study  to  induce  growth  of 
these  cultures,  if  possible,  on  standard  media,  or  on  media  of  low 
sodium  chloride  content,  that  is,  from  1  to  possibly  3.5  percent,  for 
reproduction  of  comparable  forms  capable  of  interpretation  and 
classification. 

For  preliminary  studies  a  typical  mixed  red  culture  from  a  Turks 
Islands  solar  salt  was  used.  This  culture,  identified  as  culture  1, 
had  been  maintained  on  medium  B  by  transfer  every  2  weeks  for 
more  than  6  months.  A  series  of  flasks  containing  medium  A  with 
salt  content  reduced  progressively  from  33  percent  to  zero  was  pre- 
pared. Inoculations  were  made  with  0.1  cc  of  a  25  percent  sodium 
chloride  suspension  of  culture  1  from  medium  B,  and  the  flasks  were 
incubated  at  37.5°  C.  for  4  weeks. 

With  salt  concentrations  of  7.5  percent  and  above,  red  growths  de- 
veloped after  7  days,  the  most  intense  reddening  occurring  at  the 
higher  concentrations.  By  the  end  of  28  days,  nonfruiting  mold 
hyphae  had  developed  in  the  flasks  containing  7.5  to  15  percent  of 
added  salt.  In  the  flasks  containing  less  than  7.5  percent  added  salt 
the  medium  darkened,  and  the  rice  was  digested  without  evident 
development  of  reddening.  A  gravish  slimy  growth  developed  in 
the  absence  of  any  added  salt,  tlninoculated  controls  remained 
unchanged. 
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Microscopic  examination  of  smears  showed  a  preponderance  of 
cocci  with  15  percent  and  more  of  salt.  Mold  forms  appeared  first  at 
concentrations  below  15  percent,  and  at  the  lowest  concentrations  of 
salt  the  cocci  were  replaced  by  ovoid  bacilli,  bacteria,  yeast,  and  mold 
forms.  These  results  strongly  suggest  that  both  bacteria  and  fungi 
are  involved  in  the  development  of  such  growths. 

A  number  of  solid  media  were  tried  for  the  isolation  of  pure  cul- 
tures. These  may  be  summarized  briefly  as  calfskin-broth-peptone- 
agar,  alone  and  with  the  addition  of  2  percent  of  soluble  starch, 
sucrose,  and  mannose,  respectively.  Crude  solar  salt  was  used  to 
vary  the  sodium  chloride  content  from  1  to  25  percent.  Inoculations 
were  made  with  culture  1.  All  growths  appearing  on  media  with 
high  concentrations  of  salt  were  immediately  transferred  to  media  of 
the  next  lower  concentration  of  salt.  By  a  continuation  of  this  sys- 
tem 10  pure  cultures  were  finally  isolated  that  grew  well  on  a  dex- 
trose-agar  medium  containing  only  1  percent  of  added  salt.  By 
preliminary  examination  these  were  classified  as  one  variety  each  of  a 
BaciMus^  a  Bacteriaceae,  an  Actinomycetales,  a  Torvla^  an  Altemaria, 
a  Phycomycetes,  Catemdaria  fiiligineaey  and  three  varieties  of 
Aspergillus. 

These  cultures  were  experimented  with  extensively.  They  demon- 
strated varying  degrees  of  chromogenesis  and  of  salt  tolerance  on 
artificial  culture  media.  However,  by  direct  inoculation  on  medium 
A  or  on  salted  calfskin  none  produced  red  growths  which  were  in  any 
respects  similar  to  those  produced  by  naturally  contaminated  salts. 
Negative  results  were  also  obtained  after  attempting  to  build  up  salt 
tolerance  in  these  cultures  by  propagation  in  brines  and  by  using 
mixtures  of  the  cultures  to  take  care  of  possible  symbiotic  relation- 
ships. 

Red  growths  similar  to  culture  1  were  obtained  on  medium  B  from 
a  large  number  of  different  salts  and  when  studied  in  the  same  man- 
ner invariably  yielded  at  least  two  or  three  varieties  of  bacteria  and 
fungi.  Catenularia  fvUgineaey  aerobic  spore-forming  bacteria,  and 
varieties  of  Altemarkt  and  of  Aspergillus  were  usually  found. 
Actinomycetales,  pink  yeasts,  and  gram-negative  bacteria  were  found 
occasionally.  The  most  common  types  of  Aspergillus  found  belonged 
to  the  A.  versicolor  and  A.  sydowi  groups. 

As  a  preliminary  study  to  determine  whether  or  not  the  common 
fungi  isolated  from  mixed  red  growths  could  grow  in  pure  culture 
in  brines  of  gradually  increasing  concentrations  of  salt  and  were 
not  merely  carried  in  the  slime  of  other  organisms  as  dormant  spores, 
12  strains  of  green  Aspergillus^  which  had  been  identified  as  belong- 
ing to  the  A.  versicolor  group,  were  inoculated  into  filtered,  nutrient 
sterilized  brines  made  up  to  a  concentration  of  10  percent.  These 
brines  were  incubated  at  room  temperatures  for  8  months,  during 
which  time,  through  slow  evaporation,  they  became  saturated,  with 
the  formation  of  large  salt  crystals.  A  profuse  slimy  growth  formed 
beneath  the  surface  of  each  brine.  Direct  microscopic  examination 
of  the  slime  showed  no  forms  typical  of  the  normal  growth  of  the 
cultures  inoculated,  except  occasional  hyphae.  However,  culturing 
this  slime  on  Czapek  agar  resulted,  in  every  instance,  in  the  recovery 
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Cultures  of  red  chroinogenes  isolated  on  dextrose  n>;ar:  A  and  IJ,  Mealy;  C,  hard  and  horny;  D,  soft  and 

gelatinous. 
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Plate  4 


Caps  and  encystments  developed  in  mealy  strains  of  red  chromogenes.    X  32. 
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only  of  the  orffanisms  inoculated.  This  indicates  that  at  least  cer- 
tain types  of  lungi,  in  a  vegetative  state,  are  capable  of  withstand- 
ing conditions  which  exist  during  a  slow  evaporation  such  as  occurs 
in  the  deposition  of  solar  salts.  This  probably  accounts  for  the 
enormous  numbere  of  fungi  found  on  plating  solar  salts  and  shows 
that  not  all  of  them,  at  least,  are  carried  as  aerial  spores. 

It  thus  appears  that  cultures  isolated  on  media  containing  high 
percentages  of  salt  may  carry,  even  through  repeated  transfers,  a 
large  variety  of  microorganisms,  either  as  static  spores  or  as  pleo- 
morphic growths,  that  are  unrecognizable  by  the  ordinary  methods 
of  staining  and  direct  microscopic  examination. 

Numerous  attempts  to  develop  differential  media  of  low  salt  con- 
tent for  isolation  of  the  specific  organisms  causing  reddening  failed. 
It  was  therefore  decided  to  resort  to  chance  isolation,  a  large  number 
of  dilutions  and  many  platings  of  each  being  used  in  the  hope  of 
eliminating  associated  organisms  that  in  lower  salt  concentrations 
apparently  overgrew  the  particular  reddening  organisms.  This  was 
done  with  solutions  of  many  of  the  salts  known  to  be  contaminated 
with  red  chromogens.  They  were  cultured  in  dextrose  broth  at 
20°  C.  for  14  days  and  then  plated  in  dextrose  agar  without  added 
salt.  All  plates  were  incubated  at  30°  for  30  days.  Most  of  the 
plates  were  overgrown  with  spreading  bacterial  colonies  and  molds. 
An  appreciable  number  were  obtained,  however,  in  which  there  were 
red  colonies  within  clearly  defined  zones  of  inhibition  between  mold 
colonies. 

These  red  colonies  were  cultured  on  dextrose-agar  slants  contain- 
ing no  added  salt.  A  few  of  the  colonies  proved  to  be  pink  torulae, 
but  most  of  them  were  cocci.  The  latter  were  peculiar  in  that 
sarcinalike,  staphylococcal,  diplococcal,  and  short-chain  coccal  ar- 
rangements were  usually  found  in  one  and  the  same  culture.  Young 
growths  were  slimy  and  sticky,  but  with  age  became  either  mealy, 
hard,  and  horny,  or  soft  and  gelatinous,  depending  upon  the  strain 
(pi.  3). 

These  growths  were  suspended  in  saline  and  streaked  on  dextrose 
agar,  and  the  subsequent  colonies  were  studied.  By  repeated  trans- 
fers in  this  manner,  apparently  pure  cultures  were  obtained. 

Morphological  studies  of  these  cultures  on  dextrose  agar  contain- 
ing no  added  salt  showed  that  prior  to  the  appearance  of  the  coccus 
form  the  organisms  developed  as  short  spindle-shaped  rods  approxi- 
mately 0.5  by  2.5  microns  in  size  (pi.  1,  C). 

The  coccus  form  developed  within  about  48  hours  incubation  at 
30°  C.  By  transferring  these  cultures  every  24  hours  the  rod  form 
could  be  maintained  to  the  exclusion  of  the  coccus  form.  After  48 
hours  the  cultures  invariably  developed  not  only  the  coccus  form 
but  also  large  granulated  cells  (pi.  1,  D). 

In  strains  that  became  mealy,  caps  or  encystments  developed  co- 
incident with  the  appearance  of  the  coccus  forms.  After  about  7 
days  incubation  the  caps  were  well  developed  and  could  be  picked 
off  readily  with  a  needle  (pi.  4). 

Microscopic  examination  of  smears  from  such  caps  revealed  cocci 
of  approximately  1  micron  in  diameter  but  no  rod  forms  or  large 
granulated  forms  (pi.  1,  E  and  F). 
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RESULTS  OF  SUBCULTURING  THE  COCCUS  FORMS 

Subculturing  the  coccus  forms  from  the  old  caps  on  dextrose  agar 
and  incubating  them  for  24  hours  at  30°  C.  resulted  in  a  preponder- 
ance of  elongated  diplococcuslike  forms  ranging  from  apparently 
true  diplococci  to  elliptical  rods  in  pairs.  After  from  one  to  three 
further  subcultures,  mad^  every  24  hours  on  dextrose  agar,  only 
typical  spindle-shaped  rods  developed  in  the  first  24  hours  incuba- 
tion. Coccus  forms  began  to  appear  within  48  hours,  and  upon  pro- 
longed incubation  caps  and  encystments  were  reproduced. 

Growth  of  these  cultures  upon  other  substrates  and  at  different 
temperatures  was  somewhat  modified  from  that  just  described.  On 
sucrose  agar,  growth  was  profuse  but  in  rod  form  only.  On  plain 
nutrient  agar  both  the  coccus  and  rod  forms  w^ere  present,  the  former 
usually  occurring  in  greater  numbers.  On  plain  nutrient  and  dex- 
trose agars  containing  various  quantities  of  salt  the  coccus  form  pre- 
dominated, being  greater  at  the  higher  salt  concentrations  and  also 
greater  at  37.5°  C.  than  at  30°  and  20°. 

These  observations  indicate  that  age,  comparatively  high  osmotic 
pressures,  restricted  available  moisture,  and  rather  high  incubation 
temperatures  favor  development  of  the  coccus  form,  whereas  under 
opposite  conditions  the  organisms  tend  to  develop  in  the  rod  form 
only. 

Coloration  of  the  cultures  was  greater  at  37.5°  C.  than  at  30° 
and  was  intensified  hj  light  and  age.  The  pigment  produced  was 
insoluble  in  water,  slightly  soluble  in  absolute  ethyl  alcohol,  and 
readily  soluble  in  strong  alkalies,  chloroform,  ethyl  ether,  and  carbon 
bisulphide.  With  concentrated  sulphuric  acid,  the  dried  ethyl  ether 
extract  gave  a  lipocyanin  reaction  ranging  in  the  different  strains 
from  violet  brown  to  fairly  intense  blue,  indicating  a  carotinoid 
pigment.  Preliminary  spectrophotometric  readings  made  on  a  car- 
bon bisulphide  solution  of  the  dried  ether  extract  from  one  typically 
brick-red  culture  gave  a  maximum  absorption  between  460m/x  and 
500m/>t,  indicating  a  pigment  closely  related  to  bacteriopurpurin. 

Studies  of  these  organisms  in  differential  culture  media  showed 
that  they  grow  well  on  potato  agar  slants  and  that  over  a  period  of 
30  days  they  slightly  reduce  nitrates  to  nitrites  and  ammonia,  do 
not  change  litmus  milk  at  30°  C,  and  do  not  liquefy  gelatine  at  20°. 

These  observations  show  that  the  organisms  do  not  belong  to  the 
group  of  /Serratia,  since  this  group  is  characterized  by  gelatine  lique- 
faction and  rapid  alteration  of  litmus  milk.  Also,  contrary  to  the 
behavior  of  these  cultures,  pigment  production  in  S.  maroesens 
{Bact.  prodigiosus)  is  retarded  by  higher  temperatures  and  expo- 
sure to  light.  That  the  organisms  are  not  classifiable  as  Pseudo- 
monas  is  evidenced  by  the  insolubility  of  the  pigment  in  water. 

Other  possible  classifications  for  these  organisms  are  in  the  Thio- 
bacteriales  under  the  Rhodobacteriaceae,  or  in  the  Myxobacteriales. 
The  presence  of  a  carotinoid  pigment  closely  related  to  bacterio- 
purpurin and  the  ability  of  these  organisms  to  grow  in  a  broth 
composed  of  1  percent  each  of  peptone,  potato  starch,  sodium  sul- 
phide, anhydrous  sodium  carbonate,  and  sodium  chloride,  in  which 
they  demonstrate  family  types  of  growth  either  with  definite  mem- 
branes inclosing  the  families  or  with  the  cells  held  together  loosely 
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by  a  gelatinoiislike  substance,  suggest  classification  under  the  Rhodo- 
bacteriaceae  (Buchanan).  While  the  organisms  did  not  produce 
definite  stalks  or  fruiting  bodies  on  potato  agar,  some  did  develop 
cystlike  resting:  stages  resembling  those  described  for  certain  mem- 
bers of  the  Myxobacteriales. 

Although  the  Thiobacteriales  and  the  Myxobacteriales  are  imper- 
fectly understood,  they  both  demonstrate  an  approach  to  the  pro- 
duction of  specialized  cell  structures  within  the  gross  morphology 
of  their  colonies.  This  characteristic  has  been  observed  in  the  mor- 
])hological  studies  with  the  cultures  isolated.  Further  work  with 
the  individual  strains  will  be  necessary  before  they  can  be  definitely 
classified. 

SALT  TOLERANCE  OF  ORGANISMS  ISOLATED  FROM  SALT 

Organisms  of  the  type  described  were  isolated  from  crude  solar 
salts  from  South  America,  Spain,  Turks  Islands,  Utah,  and  Cali- 
fornia, and  from  four  domestic  artificially  evaporated  grainer  salts. 
Youn^  (48-hour)  dextrose-agar  cultures  of  some  of  these  organisms 
were  inoculated  on  pieces  of  freshly  flayed,  clipped,  and  washed 
calfskin  that  had  been  salted  with  an  excess  of  sterilized  salt  (50 
percent  by  weight  of  the  wet  skin).  For  controls  an  equal  number 
of  pieces  of  calfskin  were  salted  in  the  same  manner  and  left  un- 
inoculated.  All  pieces  were  incubated  in  deep  culture  dishes  over 
water  at  37.5°  C.    No  flesh  reddening  developed  within  30  days. 

A  similar  experiment  was  made  w^ith  old  cultures  prepared  by 
incubating  dextrose-agar  slants  for  2  weeks  and  then  drying  them 
for  2  weeks  over  calcium  chloride.  Flesh  reddening  developed  in 
from  15  to  30  days  on  all  inoculated  pieces  of  calfskin,  whereas  the 
controls  showed  no  reddening  in  this  period.  It  was  recognized  that 
these  results  did  not  eliminate  the  possibility  of  symbiosis,  since 
other  organisms  carried  on  the  skin  itself  may  have  played  a  joint 
part  in  the  development  of  flesh  reddening.  Therefore,  inoculations 
were  made  from  similarly  prepared  old  cultures  to  medium  A  con- 
taining 25  percent  of  salt  by  weight.  After  incubation  periods  of  30 
days  or  more,  red  growths  appeared  on  this  medium.  In  these  experi- 
ments with  old  cultures  it  will  be  noted  that  reddening  developed 
sooner  on  calfskin  than  on  the  sterilized  hide-broth-rice  medium. 

Study  of  the  salt  tolerance  of  these  organisms  was  made  on  a  solid 
medium  composed  of  hide  broth,  1  percent  peptone,  0.5  percent 
potato  starch,  and  1.5  percent  agar,  ana  adjusted  with  cresol  red  to  a 
pH  of  8.0.  The  sodium  chloride  concentration  ranged  from  0  to  28 
percent  by  weight. 

Transfers  were  made  from  24-hour  and  48-hour  dextrose-agar 
cultures  of  the  red  chromogens,  and  the  slants  were  incubated  at 
room  temperatures  (25-30°  C.)  in  desiccators  over  water  for  28 
days.  Daily  readings  were  taken.  The  results  with  a  typical  culture 
are  shown  in  figure  1. 

In  general,  the  growth  of  the  young  culture  inoculum  was  not 
inhibited  by  concentrations  of  from  0  to  10  percent.  Growth  was 
delaved,  however,  bv  concentrations  of  from  12  to  16  percent,  was 
markedly  inhibited  by  concentrations  of  from  18  to  22  percent,  and 
was  entirely  stopped  by  concentrations  of  from  24  to  28  percent. 
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This  tolerance  for  salt  is  similar  to  that  reported  by  previous 
workers  and  confirmed  in  this  laboratory  for  strains  of  Staphylo- 
coccus aweus^  jS.  alhus^  Bacillus  suhtilis,  and  B.  Tnegatheriwn, 
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Figure  1. — Growth  of  red  chromogen  on  solid  media  containing  increasing  percentages  of 
sodium  diloride.     Inoculation  from  young    (24-liour)    dextrose-agar  culture. 
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Figure  2. — Growth  of  red  chromogen  on  solid  media  containing  increasing  percentages  of 
sodium  chloride.     Inoculation  from  old  dried  dextrose-agar  culture. 

Another  experiment  was  then  made  in  a  similar  manner  with  the 
same  organisms  transferred  from  old  (14-day)  dextrose-agar  cul- 
tures that  had  been  subsequently  dried  over  calcium  chloride  for 
2  weeks.  Daily  readings  were  made.  The  results  with  a  typical 
culture  are  shown  in  figure  2. 
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In  this  series  readily  visible  growth  occurred  at  all  concentra- 
tions of  sodium  chloride.  On  the  slants  containing  the  smaller  quan- 
tities of  sodium  chloride  good  growth  was  obtained,  though  it  was 
slower  in  appearing  than  when  inoculation  was  made  from  a  young, 
actively  growing  culture.  On  concentrations  above  16  percent 
growths  became  readily  visible  after  from  2  to  3  weeks'  incubation, 
although  they  were  slower  in  developing  than  those  on  media  of 
lower  concentrations.  On  media  containing  24,  26,  and  28  percent 
of  sodium  chloride  pigmentation  was  retarded,  that  is,  the  cultures, 
even  at  the  stage  of  readily  visible  growth,  were  slower  to  develop 
red  coloration  than  cultures  at  lower  concentrations,  and  in  some 
instances  required  prolonged  incubation  periods  for  the  development 
of  this  color. 
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Figure  3. — Growth  of  red  chromogen  on  solid  media  containing  increasing  percentages  of 
sodium  chloride.  Inoculation  from  vegetative  growth  on  28  percent  sodium  chloride 
agar. 

In  an  attempt  to  obtain  more  luxuriant  growth  at  high  salt  con- 
centrations, cultures  of  three  of  these  organisms  on  28  percent  sodium 
chloride  agar  were  repeatedly  transferred  to  the  same  medium.  In 
each  case  the  subcultures  were  transferred  only  after  they  had  de- 
veloped red  color.  Growths  gradually  became  more  luxuriant,  and 
after  5  or  6  transfers  were  typical  of  the  red  growths  obtained  by 
direct  plating  of  contaminated  salts  on  salt-saturated  media. 

Transfers  from  the  sixth  subculture  of  each  strain  were  made  to 
the  same  series  of  media  as  was  used  previously  in  determining  the 
salt  tolerance  of  young  cultures  and  old  dried  cultures.  Daily  read- 
ings were  made.  The  results  for  a  typical  culture  are  shown  in 
figure  3. 

A  comparison  of  the  results  given  in  figure  3  with  those  given  in 
figures  1  and  2  shows  that  when  the  organisms  have  previously  been 
subcultured  upon  media  of  high  salt  content  a  marked  building  up 
of  salt  tolerance  can  be  brought  about.    When  transferred  from  sub- 
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cultures  on  a  high  salt  concentration  medium,  the  organisms  grew 
at  all  concentrations  of  salt.  Good  growth,  however,  first  occurred 
at  concentrations  of  from  6  to  22^  percent,  inclusive.  The  accumu- 
lative growth  in  the  upper  range  of  salt  concentrations  is  especially 
significant. 

DISCUSSION 

From  an  examination  of  a  large  number  of  salt  samples  it  has  been 
found  that  organisms  capable  of  causing*  flesh  reddening  occur 
almost  universally  in  crude  solar  salts  and  frequently  in  open-pan 
evaporated  or  grainer  salts.  All  samples  of  kiln-dried,  vacuum-pan 
evaporated,  and  mined  salts  so  far  examined  were  found  to  be  free 
from;  such  organisms.  It  seems  probable  that  most  of  the  flesh  red- 
dening of  hides  is  caused  by  the  use  of  contaminated  salts. 

On  pieces  of  calfskin  salted  with  contaminated  salt,  reddening 
developed  at  widely  different  temperatures,  ranging  from  20°  to 
55°  C.  Keddening,  therefore,  is  not  necessarily  dependent  upon 
heating.  Relatively  high  humidities  and  slightly  alkaline  condi- 
tions were  found  to  favor  reddening. 

Chromogenic  cultures  were  isolated  from  reddened  hides  and  con- 
taminated salts  on  media  containing  large  quantities  of  sodium  chlo- 
ride. When  transferred  progressively  to  media  of  lower  concen- 
trations of  salt  these  cultures  were  found  to  consist  of  a  large  variety 
of  microorganisms.  Studies  of  isolations  made  from  these  cultures 
show  that  they  were  mixed  and  included  molds  as  well  as  aerobic 
spore-forming  and  other  varieties  of  bacteria.  These  studies  also 
indicate  that  fungi  may  grow  in  the  presence  of  high  concentrations 
of  salt  in  forms  not  readily  recognizable  by  direct  microscopic 
examination. 

When  these  mixed  chromogenic  cultures  were  subcultured  in  dex- 
trose broth  and  then  on  dextrose  agar,  a  group  of  organisms  capable 
of  causing  reddening  were  isolated  in  apparently  pure  cultures. 
These  have  been  identified  as  belonging  among  the  higher  bacteria, 
probably  more  definitely  classifiable  in  the  Thiobacteriales  under  the 
Rhodobacteriaceae,  or  in  the  Myxobacteriales. 

Gelatinous  caps  and  encystments  filled  with  cocci  were  formed  in 
some  of  these  cultures.  These  structures  may  explain  the  ability  of 
the  organisms  to  survive  over  long  periods  of  drying  and  rest,  and  to 
adjust  themselves  to  marked  changes  in  salt  concentration  and  other 
factors  of  environment.  This  is  indicated  by  salt-tolerance  studies 
in  which  transfers  from  old  dried  cultures  with  well-developed  caps 
and  encystments  were  capable  of  growing  over  a  wider  range  of 
concentrations  of  salt  than  transfers  from  young  vegetative  cultures. 

The  Thiobacteriales  and  Myxobacteriales  have  been  isolated  largely 
from  sea  water,  river  water,  stagnant  water,  soil,  mud,  and  decom- 
posing vegetable  matter,  and  therefore  may  be  fairly  common  con- 
taminants of  the  hide  or  skin  of  living  animals.  Such  a  wide  dis- 
tribution might  account  for  cases  of  hide  reddening  reported  under 
circumstances  that  would  give  every  reason  for  the  belief  that  the 
salt  used  for  curing  was  not  originally  contaminated  with  the  organ- 
isms. However,  the  salt-tolerance  studies  of  the  organisms  described 
indicate  that  when  infection  is  from  a  source  other  than  that  of  the 
salt  the  development  of  reddening  probably  will  be  much  slower  and 
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not  nearly  so  intense  as  when  the  organisms  have  had  an  opportunity 
to  acclimate  themselves  to  a  high  salt  environment.  It  has  been 
shown  that  the  ability  of  these  organisms  to  withstand  large  quanti- 
ties of  salt  can  be  markedly  enhanced  by  repeated  propagation  on 
media  of  a  high  concentration  of  salt. 

It  has  not  been  possible  yet  to  determine  definitely  the  damage 
to  hides  and  skins  resulting  specifically  from  the  redaening  organ- 
isms described.  A  few  cases  have  been  noted  of  serious  damage 
and  destruction  of  hide  substance  in  the  presence  of  a  heavy  infec- 
tion of  reddening  organisms.  On  the  other  hand,  reddening  has 
been  allowed  to  develop  on  pieces  of  salted  hides  and  skins  under 
favorable  conditions  in  the  laboratory,  and  damage  was  not  evident 
from  a  cursory  examination.  Lloyd  says  that  the  evidence  of  dam- 
age due  to  reddening  is  slight.  Stather,  however,  associates  hair 
slip  and  unevenly  finished  leathers  with  advanced  cases  of  red- 
dening. It  is  diflficult  to  see  how  definite  conclusions  can  be  drawn 
from  commercial  specimens  and  samples  because  of  the  certainty 
of  their  infestation  by  a  highly  mixed  microflora  and  the  conse- 
quent impossibility  of  fixing  upon  any  one  type  of  organisms  the 
responsibility  for  any  defective  conditions  manifested. 

The  possibility  of  damage  from  the  reddening  organisms  alone, 
from  associated  fungi  and  bacteria  alone,  or  from  the  combined  action 
of  several  types  of  micro-organisms  must  be  recognized,  as  well  as 
the  influence  of  the  many  different  environmental  conditions.  For 
the  present  it  must  be  admitted  that  the  responsibility  for  damage 
by  specific  types  of  organisms  is  an  open  question  pending  findings 
from  controlled  and  specific  studies. 

SUMMARY 

A  large  collection  of  commercial  salts  for  curing  hides  and  skins 
was  examined  for  the  presence  of  micro-organisms  that  cause  red- 
dening. Thirty-four  out  of  thirty-five  samples  of  crude  solar- 
evaporated  salts  and  25  out  of  39  open-pan  evaporated  grainer  salts 
were  found  to  be  contaminated  with  red  chromogens.  AH  the  kiln- 
dried  solar-evaporated  salts  (12  samples  from  1  source),  all  the 
vacuum-pan  evaporated  salts  (17  samples),  and  all  the  mined  or  rock 
salts  (62  samples)  were  found  to  be  free  from  contamination  with 
these  organisms. 

A  modification  of  Clayton  and  Gibbs  fish-salt-rice  medium,  in 
which  the  fish  broth  was  replaced  by  hide  broth,  was  found  to  be 
reliable  for  culturing  salts  to  determine  the  presence  of  red  chromo- 
genic  micro-organisms  that  cause  flesh  reddening  on  salted  hides  and 
skins. 

No  correlation  was  found  between  the  pH  of  the  salts  and  the 
presence  of  the  chromogenic  organisms.  In  general,  commercial 
salts  for  curing  hides  and  skins  are  distinctly  alkaline. 

Flesh  reddening  developed  on  pieces  of  clipped  washed  calfskin 
salted  with  naturally  contaminated  salt.  Development  was  favored 
by  high  relative  humidities  and  an  alkaline  reaction. 

Cultural  studies  of  red  chromogenic  growths  on  media  of  high 
concentrations  of  salt  showed  them  to  consist  usually  of  a  highly 
mixed  microbial  flora. 
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By  siibciilturing  mixed  red  chromogenic  growths  obtained  on  media 
of  high  concentrations  of  salt  in  dextrose  broth,  and  then  employing 
a  large  number  of  dilutions  and  many  duplicate  platings  of  each  in 
dextrose  agar  with  no  added  salt,  red  chromogenic  micro-organisms 
have  been  isolated  in  apparently  pure  culture.  These  isolations  have 
been  made  from  crude  solar  salts  from  South  America,  Spain,  Turks 
Islands,  Utah,  and  California,  and  from  four  domestic  artificially 
evaporated  grainer  salts.  Under  specified  conditions  these  organisms 
are  capable  of  producing  flesh  reddening  on  salted  hides  and  skins. 

Studies  of  the  salt  tolerance  of  these  organisms  showed  that  their 
ability  to  withstand  high  concentrations  of  salt  is  markedly  enhanced 
by  repeated  propagation  on  media  of  high  salt  content. 

These  organisms  have  been  identified  preliminarily  as  belonging 
to  the  higher  bacteria,  either  in  the  Thiobacteriales  under  the  Rho- 
dobacteriaceae,  or  in  the  Myxobacteriales. 
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INTRODUCTION 

One  of  the  most  important  and  valuable  of  the  natural  resources 
of  Texas  is  its  water  supply.  The  development  of  all  other  resources, 
the  extension  of  agricultural  areas,  and  the  growth  of  cities  are 
largely  dependent  upon  properly  controlled  supplies  of  water  suit- 
able as  to  quality  and  sufficient  in  quantity.  A  stream  that  periodi- 
cally overflows  its  banks,  submerging  fertile  bottom  land,  is  a  menace 
to  life  and  health  and  a  significant  factor  in  retarding  the  progress 
of  the  community  which  it  should  serve. 

In  Texas,  where  stream  flow  is  generally  intermittent,  being  sup- 
plied by  rainstorms  of  varying  intensities  occurring  at  irregular 
intervals,  the  full  utilization  of  the  water  resources  must  necessarily 
include  provision  for  the  impounding  of  flood  water  in  storage 
reservoirs.  The  function  of  such  reservoirs  is  twofold — to  retain 
the  water  for  future  use  and  to  play  a  very  important  part  in  flood 
control  by  materially  reducing  the  peaks  of  floods  that  inundate 
fertile  areas  adjacent  to  the  streams. 

^  Prepared  In  cooperation  with  the  Texas  Board  of  Water  Engineers. 
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Run-off,  erosion,  and  transportation  of  eroded  and  weathered  ma- 
terial are  affected  by  many  diverse  factors,  the  more  important  of 
which  are  amount  and  intensity  of  rainfall,  topography,  structure 
and  texture  of  the  soil,  and  amount  and  character  of  the  surface 
cover.  The  major  portion  of  the  eroded  and  weathered  material  car- 
ried into  a  reservoir  by  the  supply  stream  is  deposited  as  soon  as 
the  velocity  of  the  inflow  is  sufficiently  diminished.  Such  deposits 
reduce  the  storage  capacity  and,  in  some  instances,  where  proper 
allowance  for  the  accumulation  was  not  made,  the  usefulness  of  the 
reservoirs  has  been  destroyed. 

A  vital  requirement  of  a  successful  storage  reservoir  is  that  its 
life — the  interval  between  its  initial  use  and  the  time  when  its  ca- 
pacity is  reduced  by  the  deposition  of  silt  to  the  extent  that  it  no 
longer  serves  the  purpose  for  which  it  was  designed — shall  be  of 
sufficient  length  to  return  the  cost  plus  a  reasonable  profit. 

One  of  the  important  problems  to  be  solved  in  properly  design- 
ing a  storage  reservoir  is  that  of  estimating  the  silt  load  of  the 
supply  stream  so  that  capacity  can  be  provided  to  take  care  of  the 
deposited  material  long  enough  to  insure  the  economic  soundness  of 
the  project.  The  best  basis  for  estimating  the  silt  load  is  a  long- 
term  record  of  silt  measurements  tnade  at  or  near  the  reservoir  site. 
However,  when  the  construction  of  a  new  reservoir  is  contemplated 
such  records  are  seldom  available  and  it  is  rarely  practicable  to  delay 
the  project  several  years  while  one  is  being  made.  The  result  is 
that  estimates  are  based  on  short-term  or  fragmentary  records  at 
the  site,  or  on  records  taken  in  another  locality  where  conditions 
are  assumed  to  be  comparable.  Either  procedure  may  lead  to  serious 
error. 

In  compliance  with  numerous  requests  from  engineers  practicing 
in  the  State  and  in  recognition  of  the  need  for  definite  information 
concerning  the  silt  load  of  Texas  streams  that  might  assist  the  State 
Board  of  Water  Engineers  in  passing  upon  applications  for  permits 
to  store  flood  water,  an  investigation  was  inaugurated  in  1924  and 
is  still  being  carried  on  under  a  cooperative  agreement  between  the 
Bureau  of  Agricultural  Engineering,  United  States  Department 
of  Agriculture  and  the  Texas  Board  of  Water  Engineers.  The  fol- 
lowing report  is  the  first  progress  report  of  the  studies  thus  far 
made. 

The  following  organizations  have  assisted  in  the  collection  of  water 
samples  and  other  associated  work:  United  States  Geological  Sur- 
vey, International  Water  Commission,  Walker-Caldwell  Water  Co., 
Wichita  County  water  improvement  district  no.  1,  and  the  city  of 
Waco.  Stream-flow  records  and  drainage-basin  areas  have  been  fur- 
nished by  the  water  resources  branch  of  the  Geological  Survey. 

R.  G.  Hemphill,-  irrigation  engineer,  had  general  supervision  of 
the  investigations  until  May  1930.  The  writer  has  been  in  immediate 
charge  of  most  of  the  field,  office,  and  laboratory  work  since  the  in- 
ception of  the  project.  Since  September  1930  F.  J.  Fricke,  junior 
civil  engineer,  has  assisted  with  the  laboratory  work  and  the  pro- 
tracted computations  required  in  connection  with  the  tabulation  of 
the  daily  records. 

'  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  56. 
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PREVIOUS  SILT  INVESTIGATIONS  IN  TEXAS 

During  1899,  1900,  1901,  and  1902,  J.  C.  Nagle  directed  a  silt 
investigation  which  included  Brazos  River  at  Jones  Bridge  near 
College  Station  and  Wichita  River  at  Wichita  Falls  {1S,U,  15).^ 

On  Brazos  River  at  Jones  Bridge,  samples  were  taken  at  irregular  in- 
tervals of  from  1  to  90  days  from  Mav  29, 1899,  to  December  31,  1902, 
The  samples  were  placed  in  glass  tubes  and  after  7  days'  settlement 
the  percentage  of  silt  by  volume  was  determined  from  the  heights 
of  the  prisms  of  silt  in  the  lower  parts  of  the  tubes  and  the  clear- 
water  columns  above.  A  few  of  the  samples  were  allowed  to  remain 
in  the  tubes  for  11  months.  The  percentages  of  silt  by  volume  were 
determined  after  30  days  and  also  at  the  end  of  the  11-month  period. 
At  the  end  of  30  days  there  was  an  additional  shrinkage  of  10  jDer- 
cent  over  that  of  7  days  and  at  the  end  of  11  months  an  additional 
shrinkage  of  15  percent  was  noted.  There  was  no  evidence  that 
shrinkage  had  ceased  at  the  end  of  the  11-month  period  and  it  seemi.- 
reasonable  to  suppose  that  still  greater  subsidence  would  have  been 
found  if  the  period  had  been  extended. 

Using  the  percentage  of  silt  by  volume  after  7  days'  settlement  and 
assuming  that  the  percentage  of  silt  determined  at  irregular  intervals 
would,  with  some  modification  based  on  the  color  of  the  muddy 
water,  apply  to  the  intervening  period,  an  estimate  was  made  of  the 
volume  of  silt  passing  the  section.  A  25  percent  reduction  was  ap- 
plied for  the  purpose  of  estimating  the  volume  after  settlement  for  1 
year  (see  table  1). 

Table  1. — Summary  of  silt  measurements,  Brazos  River,  at  Jones  BrUge  * 


Time 

Total  dis- 
charge 

Silt,  1  week's  set- 
tlement 

Silt,  1  year's  set- 
tlement 

Aug.  1  to  Dec.  31, 1899 

Acre-feet 
1, 165, 300 
8,806,986 
976, 602 
3, 362, 991 

Acre-feet 

10,090 

116,782 

12,328 

40, 190 

Percent 
0.866 
1.315 
1.262 
1.195 

Acre-feet 
7,567 

86,837 
9,246 

30, 142 

Percent 
0.649 

Jan.  1  to  Dec.  31, 1900                                   .... 

.986 

Jan.  1  to  Dec.  31, 1901 

Jan.  1  to  Dec.  31,  1902                                

.947 
.896 

TotaP 

14, 311, 879 

178, 390 

1.246 

133,  792 

.935 

»  U.S.Dept.Agr.,  Off.  Eipt.  Stas.  Bui.  133  {15,  p.  £06). 
»  For  41  months. 

Daily  samples  taken  since  June  1924  at  several  stations  on  the 
Brazos  River  indicate  that  the  color  of  the  water  depends  upon  the 
color  of  the  soil  where  the  flood  originates  and  not  upon  the  charge 
of  silt  in  suspension.  They  indicate  further  that  serious  error  may 
result  from  extending  the  periods  between  samplings. 

On  Wichita  River  at  Wichita  Falls  (13,  IJf)  samples  taken  at 
irregular  intervals  of  from  2  hours  to  228  days,  between  May  21, 
1899,  and  February  15,  1902,  were  treated  in  the  same  manner  as 
those  from  Brazos  River  at  Jones  Bridge.  The  volume  of  the  silt 
passing  the  section  was  estimated  on  the  basis  of  7  days'  settlement 
and  reduced  25  percent  to  arrive  at  the  volume  after  1  years'  settle- 
ment (table  2). 

» Italic  numbers  In  paranthesM  refer  to  Literature  Cited  p,  66. 
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Tabll  2. — Summary  of  silt  measurements  on  Wichita  River  at  Wichita  Falls'^ 


Date 

Total  dis- 
charge 

Silt,  1  week's  set- 
tlement 

Silt,  1  year's  set- 
tlement 

Feb.  10  to  Dec.  31, 1900 

Acre-feet 
842.453 
297,883 

Acre-feet 
10, 171 
4,639 

Percent 
1.207 
1.557 

Acre-feet 
7,629 
3,479 

Percent 
0  906 

Jan.  1  to  Dec.  31, 1901 . 

1.168 

*  U.S.  Dept.  Agr.,  Off.  Expt.  Stas.  Bui.  119  (Z^,  p.  380). 

River  discharge,  especially  at  Wichita  Falls,  was  based  on  esti- 
mates and  is  of  doubtful  value. 

W.  W.  Follett  analyzed,  compiled,  and  discussed  the  results  of  silt 
investigations  made  by  various  agencies  on  the  Rio  Grande  at  El 
Paso  and  San  Marcial,  covering  the  period  June  10,  1889,  to  Decem- 
ber 31,  1912.  His  report  (S)  was  published  by  the  Department  of 
JState.    His  conclusions  are  summarized  as  follows: 

From  August  12,  1905,  to  May  31,  1910,  at  El  Paso,  and  from  October  2,  1905, 
to  December  31,  1912,  at  San  Marcial,  samples  were  taken  at  regular  3-day 
intervals.  Prior  to  these  periods  sampling  had  been  done  at  irregular  intervals. 
The  silt  load  was  determined  in  units  by  weight  and  converted  to  units  by  vol- 
ume by  using  53  as  the  number  of  pounds  of  dry  material  that  would  occupy  1 
cubic  foot  of  siDace  when  deposited  under  reservoir  conditions.  This  value  was 
determined  from  a  single  3-inch  cube  of  silt,  free  from  gravel,  carefully  cut 
from  a  sedimentary  bar  just  above  the  Mexican  dam  at  El  Paso.  The  bar 
showed  signs  of  material  shrinkage  since  the  water  had  receded,  there  being 
cracks  in  it  to  such  an  extent  that  it  was  decided  that  the  piece  cut  out,  having 
already  shrunk  considerably  from  exposure  to  the  air,  would  fairly  meet  the 
requirement  that  the  shrinkage  be  enough  to  make  up  for  the  compression 
which  it  was  supposed  to  undergo  from  the  weight  of  the  superimposed  water. 

Combining  the  records  of  the  two  stations  for  the  period  from  1897  to  1912, 
inclusive,  the  average  annual  discharge  was  1,192,000  acre-feet  of  water  con- 
taining a  suspended  silt  load  of  1.41  percent  by  weight.  Converting  the  weight 
on  the  basis  of  53  pounds  of  dry  material  per  cubic  foot  of  deposited  mud,  the 
estimated  volume  of  suspended  silt  was  19,739  acre-feet  per  year.  Based  on  the 
average  annual  silt  volume  and  a  drainage  area  above  San  Marcial  of  30,000 
square  miles,  the  average  annual  contribution  of  silt  per  square  mile  of  drainage 
jarea  was  estimated  to  be  0.66  acre-foot. 

PLANS  AND  METHODS 

Owing  to  the  limitation  of  available  funds,  it  was  impossible  to 
extend  the  detailed  investigation  to  all  streams  of  the  State  known 
to  have  satisfactory  reservoir  sites  and  the  Brazos  River  Basin  was 
selected  as  a  drainage  area  typical,  in  its  various  sections,  of  condi- 
tions prevailing  on  other  drainage  areas.  Brazos  River  has  its  source 
in  New  Mexico  at  an  altitude  of  about  4,900  feet  (i),  where  the  aver- 
age annual  precipitation  is  approximately  15  inches  (21),  and  flows 
in  a  southeasterly  direction  across  Texas,  discharging  into  the  Gulf 
of  Mexico  at  a  point  where  the  average  annual  precipitation  is  about 
42  inches  (m). 

Sampling  stations  were  established  at  gaging  stations  either  near 
favorable  reservoir  sites  or  below  areas  comparable  to  other  drainage 
basins.  For  convenience  of  sampling,  it  was  necessary  to  select  sta- 
tions at  or  near  highway  or  railroad  bridges.  Nine  sampling  stations 
were  established  in  the  beginning,  and  from  time  to  time  some  of  the 
original  stations  were  discontinued,  and  new  ones  in  other  basins 
were  established.     Figure  1  shows  the  boundaries  of  the  drainage 
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basins  and  the  locations  of  the  silt  sampling  stations.  Table  3  is  a 
list  of  sampling  stations,  including  locations,  drainage  areas,  and 
dates  of  establishment. 


SAMPLING   EQUIPMENT 


Considerable  preliminary  work  was  done  in  selecting  containers 
and  other  equipment  for  taking  samples  of  river  water  and  trans- 
porting them  from  the  field  to  the  laboratory.  Since  it  was  found 
very  difficult  successfully  and  completely  to  transfer  samples  of 


Si/f  sampling  stations 

Drolnaae  area  boundary.. 


»0  50  0  100 

FiGUKE  1. — Drainage  basins  in  Texas  and  locations  of  sampling  stations. 

muddy  water  from  one  container  to  another,  it  was  decided  that,  in 
the  interest  of  accuracy,  samples  should  be  taken  and  transported  to 
the  laboratory  without  such  transfer. 

An  8-ounce  sample  was  believed  to  be  both  convenient  and  suffi- 
cient in  volume  for  all  tests.  Results  obtained  respectively  from 
samples  taken  in  round  8-ounce  wide-mouth  bottles,  round  8-ounce 
narrow-mouth  bottles,  and  round  8-ounce  wide-mouth  bottles  with; 
contracted  openings  formed  by  inserting  a  %-inch  glass  tube  through 
the  cork  agreed  as  closely  as  those  obtained  from  samples  taken 
simultaneously  at  the  same  depth  in  bottles  of  a  single  type.  More 
trouble  was  encountered  in  pouring  samples  from  the  wide-  than  from 
the  narrow-mouth  bottles.  The  narrow-mouth  bottles  could  be  in- 
verted over  the  filter  and  by  a  horizontal  rotating  motion  the  fine 
sand  could  be  kept  in  suspension  and  poured  from  the  bottle,  while 
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with  the  bottles  with  wide  mouths  it  was  necessary  to  tip  them 
gently  to  avoid  splashing.  This  permitted  fine  sand  to  settle  on  the 
walls  of  the  bottles,  requiring  the  addition  of  wash  water  in  amounts 
that  overtaxed  the  capacities  of  the  funnels  holding  the  filters. 

Table  3. — List  of  sampling  stations,  with  locations,  drainage  areas,  and  dates 

of  establishment 


stream 


Locality 


Orns<?      P'^o^^^^®!  i 

/^roJrToX^    noncon-  |  Date  estab-     Date  discon- 
orn^  F    i  tributing         lished       '       tinued 
^'^^          area'    I  | 


Double    Mountain    Fork    of 
Brazos  River. 

Salt  Fork  of  Brazos  River 

Clear  Fork  of  Brazos  River 

Do - 

Brazos  River 

Do --- -- 

Do - 

Do 

Do 

Little  River 

San  Gabriel  River 

San  Antonio  River 

Nueces  River 

Colorado  River  of  Texas 

Do 

Do - 

Neches  River 

Red  River 

Rio  Grande 


.do 

Near  Eliasville 

At  Crystal  Falls 

At  Seymour 

Near  Mineral  Wells.. . 

Near  Glen  Rose 

At  Waco 

At  Rosenberg 

Near  Little  River 

At  Circleville 

Near  Falls  City 

Near  Three  Rivers 

Near  San  Saba 

Near  Tow 

At  Columbus 

Near  Rockland 

Near  Denison. 

At  Roma 


Square 
miles 
.  7, 980 

4,990 

5,740 

4,320 

14,500 

23,100 

24,800 

28,500 

44,000 

5,250 

602 

2,070 

15,  600 

30,  600 

31,100 

40,800 

3,540 

39,400 

93,600 


Square    1 
miles 
6, 470     June  4, 1924 

2,770  ' do 

!  June  3,1924 

Sept.  3, 1925 
June  5, 1924 
June  2,1924 
June  1,1924 
May  31,1924 
June  11, 1924 
June  7,1924 
-..-do 


9,240 
9,240 
9,240 
9,240 
9,240 


Aug.  29,1925 

Aug.  30,  1925 

Jan.  22,1929 

July  13,1930 

"Aug' '31,' 1929 


May  23, 1929 
Oct.    31,1929 


Sept.13,1927 

Oct.    1.1927 

11,800  \  Sept.11,1930 
11.800  I  Oct.    3,1927 


11,800 


Aug.  7,1930 
Aug.  8,1930 
Aug.  13, 1930 
Mar.26, 1929 


Coil  spring  ^"; 


>  U.S.Geol.  Survey  files  at  Austin,  Tex.,  office. 

2  Large  percent. 

'  Not  available,  gross  area  does  not  include  Pecos  and  Devil  River  areas. 

The  apparatus  tried  out  and  finally  adopted  for  handling  bottles 
in  the  process  of  taking  samples,  shown  in  figure  2,  consists  of  a 
one-eighth  by  three-quarter  by  15-inch  steel  hanger,  to  which  a  sheet- 
metal  bottle  container,  2i/2  inches 
in  diameter  is  fastened  in  such  a 
way  that  the  top  of  the  neck  of  a 
round  8-ounce  bottle  is  0.8  foot 
above  the  lower  extremity  when  at- 
tached to  an  old  style  15-pound 
current-meter  weight.  Above  the 
container  is  a  sliding  clamp  with  a 
loop  slightly  larger  in  diameter 
than  the  lip  on  the  neck  of  a  bottle. 
This  clamp  prevents  the  lifting  of 
the  bottle  from  the  container  when 
the  stopper  is  being  removed.  In 
order  to  prevent  the  stopper  from 
being  removed  prematurely  by  ten- 
sion produced  in  the  stopper  line 
by  the  current,  a  g%-  by  9-inch  coil 
spring  is  attached  to  the  top  of  the 
hanger  and  to  the  stopper  wire  in 
such  a  manner  that  the  spring 
takes  the  tension.  A  medium  quality  no.  8  sash  cord  is  used  as  a 
hand  line  for  lowering  and  raising  the  apparatus,  and  a  ^-inch 


Figure   2 


-Sampling   apparatus 
Texas. 
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cotton  chalk  line  is  used  to  remove  the  stopper.  In  order  to  hold  the 
stopper  line  away  from  the  apparatus  and  prevent  entanglement 
with  the  hoisting  line,  a  piece  of  stiff  baling  wire  IT^^  inches  long  is 
used  as  a  connection  between  the  rubber  stopper  and  the  line. 

Another  sampler  tried  out  was  similar  to  the  one  described  above 
with  the  exception  that  the  bottle  holder  was  a  clamp  which  held  the 
bottle  on  the  hanger  at  an  angle  of  65°  from  the  vertical,  with  the 
opening  upstream.  It  proved  to  be  difficult  to  handle,  did  not  permit 
the  taking  of  full-bottle  samples,  and  the  results  agreed  so  closely 
with  those  obtained  from  samples  taken  in  the  sampler  with  the 
bottle  held  in  a  vertical  position  that  the  vertical  container  was 
adopted. 

Experiments  with  an  attachment  for  closing  the  bottle  after  filling 
and  before  hoisting  proved  of  no  advantage  and  this  device  was 
discarded. 

For  sampling  floods  with  high  velocities  a  special  hanger  made  of 
steel  one  eighth  inch  thick,  1  inch  wide,  and  161/4  inches  long  with 
the  vortical  bottle  container,  using  a  100-pound  weight,  was  provided. 
The  hoisting  line  used  with  this  equipment  was  a  ^^-inch  diameter 
airplane-strand  cable,  and  a  hand  winch  with  a  4-inch  drum,  attached 
to  an  A  frame,  was  used  to  handle  the  load. 

MEtHOD   OF   SAMPLING 

The  difficulty  and  cost  of  taking  samples  and  determining  their 
silt  content  in  the  laboratory  made  it  imperative  to  determine  the 
smallest  number  of  samples  whose  mean  could  be  relied  upon  to  rep- 
resent the  mean  silt  content  of  the  entire  cross  section  of  the  stream 
with  a  reasonable  degree  of  accuracy.  To  determine  such  number, 
from  30  to  60  samples  in  verticals  throughout  cross  sections  at  dif- 
ferent stages  were  taken  at  several  gaging  stations.  In  each,  vertical 
samples  were  taken  at  regular  intervals  from  one  tenth  to  one  fifth 
the  depth  at  the  surface  and  as  near  the  bottom  as  it  was  possible  to 
use  the  sampler  without  disturbing  the  natural  flow  conditions. 
Curves  constructed  by  plotting  percentages  of  silt  by  weight  as 
abscissas  and  depths  in  feet  as  ordinates  showed  that  a  sample  from 
six  tenths  the  depth  gave  the  mean  percentage  of  silt  in  the  vertical 
within  limits  of  permissible  error. 

Curves  constructed  by  plotting  the  mean  percentages  of  silt  by 
weight  in  verticals  as  abscissas  and  the  distances  from  the  edge  of 
water  surface  in  a  cross  section  as  ordinates  showed  that  the  mean  of 
the  results  obtained  from  the  three  tests  made  at  the  center  of  the 
section  and  at  distances  of  one  sixth  the  width  from  each  edge  of 
the  stream,  gave  mean  percentages  for  the  cross  section.  Hemphill's 
comments  (<5,  p.  972)  with  reference  to  this  method  were  as  follows : 

The  probable  error  In  this  method  is  well  within  the  limit  fixed  by  the  degree 
of  accuracy  which  can  be  obtained  in  stream  gagings  at  stations  such  as  are 
ordinarily  found  in  Texas. 

In  accordance  with  the  conclusions  thus  reached,  samples  were 
taken  daily  at  one  sixth,  one  half,  and  five-sixths  the  width  and, 
when  velocities  were  such  that  soundings  could  be  made  with  a 
15-pound  weight,  at  six  tenths  of  the  depth  in  verticals.  When 
velocities  were  too  high  for  sounding  with  the  light  equipment, 
samples  were  taken  at  the  surface  and  a  factor  was  applied  in  order 
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to  arrive  at  the  mean  percentage  of  silt  in  the  verticals.  This  factor 
was  determined  from  the  average  ratio  of  the  percentage  of  silt  in 
surface  samples  to  the  mean  percentages  of  silt  in  many  verticals. 
The  average  ratio  in  134  verticals  was  found  to  be  0.908.  A  label 
is  filled  out  and  attached  to  each  bottle  as  soon  as  the  sample  is  taken^ 
in  order  properly  to  identify  the  water  samples  in  the  laboratory. 

LABORATORY  METHODS 

The  laboratory  work  includes  the  determination  of  the  percentage 
of  dry  silt  by  weight  and  in  some  instances  the  percentage  of  satu- 
rated silt  by  volume  after  7  days'  settlement  in  glass  tubes.  In  deter- 
mining the  percentage  of  dry  *  silt  by  weight  the  laboratory  routine 
is  as  follows :  First,  from  20  to  40  (the  number  depending  upon  the 
speed  of  the  weigher),  Whatman  no.  2  filter  papers,  24  centimeters 
in  diameter,  are  folded  three  times  (for  convenience  in  weighing)  ^ 
dried  in  an  automatic-electric  oven  at  110°  C.  for  II/2  hours,  cooled 
in  a  desiccator  one-half  hour,  removed  from  the  desiccator,  weighed 
on  the  analytical  balance  to  the  nearest  five-thousandths  gram,  and 
then  placed  in  no.  16  ribbed  glass  funnels  to  receive  the  samples. 
The  bottles  containing  the  samples  are  then  weighed  on  a  torsion 
balance  to  the  nearest  one-tenth  gram  and,  after  the  muddy  water 
is  poured  on  the  filter  they  are  weighed  again  in  order  to  determine 
the  net  weight  of  the  sample.  Finally  the  filters  containing  the  silt 
are  dried  in  the  atmosphere  and  then  returned  to  the  oven,  dried  1% 
hours  at  110°  C,  cooled  in  the  desiccator  one-half  hour,  and  weighed 
on  the  analytical  balance.  Especial  care  is  taken  to  keep  the  papers 
in  the  same  order  in  the  second  weighing  as  they  were  in  the  first 
in  order  to  minimize  the  error  due  to  any  difference  in  humidity 
during  the  two  weighings. 

The  dry  weight  of  the  paper  and  silt  together,  minus  the  dry 
weight  of  the  paper,  is  the  dry  weight  of  the  silt,  which,  divided 
by  the  net  weight  of  the  sample  and  multiplied  by  100,  gives  the 
percentage  of  dry  silt  by  weight. 

In  many  instances,  when  the  samples  contained  large  amounts 
of  silt,  one  sample  from  each  set  was  placed  in  a  glass  tujbe  40  inches 
in  length  and  having  a  uniform  inside  diameter  of  three  fourth 
inch  and  allowed  to  settle  7  days  in  order  to  determine  the  percentage 
of  saturated  silt  by  volume  for  that  period.  The  volumetric  samples 
were  then  passed  through  the  regular  routine  of  determining  the 
percentage  of  silt  by  weight. 

Work  sheets  were  used  for  convenience  and  uniformity  in  record- 
ing laboratory  determinations. 

BED  SILT 

Bed  silt,  by  which  is  meant  material  rolled  along  the  bottom  of  the 
stream  by  the  action  of  flowing  water,  is  a  part  of  the  silt  load  for 
which  no  practicable  means  of  measurement  has  been  devised, 
although  much  experimenting  has  been  done  with  this  end  in  view. 
Traps  placed  on  stream  beds  probably  alter  the  normal  conditions 
of  flow  to  the  extent  of  making  results  thus  obtained  of  little  value. 

*  "  Dry  "  used  In  this  connection  in  this  report  means  oven-dried  in  accordance  with 
Standard  practice. 
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Estimates  of  the  relation  of  the  bed  to  the  suspended  load  cover 
a  wide  range  of  values.  By  comparing  Yuma  and  Topock  silt  rec- 
ords, Fortier  and  Blaney  (4)  estimated  the  bed  load  of  Colorado 
River  at  Yuma  as  equivalent  to  20  percent  of  the  suspended  load. 
Humphreys  and  Abbot  (9)  from  a  study  of  the  movement  of  bars 
at  the  mouth  of  the  Mississippi,  estimated  the  bed  load  to  be  11 
percent  of  the  suspended  load  by  volume.  Follett  (3)  in  connection 
with  his  study  of  Rio  Grande  believed  it  possible  for  the  bed  load 
to  be  25  percent  of  the  suspended  load.  By  using  silt  traps  in  San 
Carlos  River  at  Costa  Rica,  Davis  arrived  at  the  percentages  5.2,  1.7, 
and  7.1  for  June,  July,  and  August,  respectively  (2) . 

Experiments  made  under  clear-water  conditions  when  the  bottom 
of  the  stream  could  be  observed  were  carried  on  in  Guadalupe  River 
at  New  Braunfels,  Tex.  The  bed  of  the  stream  at  this  location  is 
composed  of  material  ranging  from  fine  sand  to  coarse  gravel,  and 
the  depths  of  water  ranged  from  zero  to  the  limit  of  wading  at 
existing  velocities.  The  apparatus  consisted  of  a  metal  plate  24 
inches  square  with  a  shallow  hopper  12  by  14  inches  below  and 
having  a  10-  by  12-inch  opening  in  the  plate,  with  the  greater 
dimension  parallel  with  the  axis  of  the  stream.  With  this  device 
placed  on  the  stream  bed,  the  velocity  of  the  water  at  the  surface 
of  the  plate  was  determined  with  a  current  meter  and  observations 
of  the  behavior  of  bank-run  sand  and  gravel  released  at  the  up- 
stream edge  of  the  plate  were  made  (table  4). 

Table  4. — Ohservationa  of  tlie  behavior  of  hank-run  sand  and  gravel  at  different 

velocities 


Ob- 

serva- 
tion  no. 

Depth  of 
water 

Velocity 
of  flow 

Remarks 

2 

3 

4 
6 
6 

Feet 
1.05 

1.50 

1.30 
1.20 
1.05 
.80 

Feet  per 

second 

2.65 

2.53 

1.64 
1.38 
.91 
.68 

Pebbles  weighing  1.1  gram.s  carried  across  12-inch  opening.  Heavier  peb- 
bles which  rolled  in  hopper  were  soon  displaced.  Sand,  after  release,  was 
carried  altogether  in  suspension. 

Results  same  as  for  no.  1.  Medium  sand  in  susi)ension;  coarse  sand  was 
carried  over  hopper  opening. 

Medium  sand  in  suspension;  coarse  sand  was  carried  over  hopper  opening. 

All  fine  sand  was  carried  over  hopper. 

Fine  sand  was  carried  over  hopper  opening. 

Fine  sand  displaced  from  hopper  by  impact  of  pulsations  or  eddies  of  non- 
uniform velocity. 

On  the  bottom  of  the  stream,  where  the  velocity  was  2.5  feet  per 
second,  the  bed  was  in  a  state  of  stability,  although  handfuls  of 
material  containing  fine  sand  could  be  picked  up  easily.  The  coarser 
material  was  able  to  withstand  the  velocity  and  prevented  the  dis- 
placement of  the  finer  particles.  The  advance  of  the  disturbed  sand 
and  gravel  on  the  stream  bed  was  not  continuous  nor  uniform  for  a 
given  stage.  It  was  observed  that  the  heavier  particles  would  stop 
advancing  for  a  period,  blocking  other  particles,  and  then  advance 
again.  It  is  obvious  that  trapping  material  rolling  along  the  bottom 
and  assuming  a  continuous  and  uniform  advance  for  a  given  stage  is 
likely  to  give  results  varying  materially  from  the  truth. 

181593—33 2 
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FiGDED  3. — Velocity  and  gilt-percentage  curves  at  different  stations  on  the  Brazos  River 
at   Rosenberg,  on   April   16,   1929. 
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The  results  of  these  observations  indicate  that  at  and  above  a 
velocity  of  1.64  feet  per  second  sediment  of  the  grades  found  at  all 
sampling  stations  operated  in  connection  with  the  Texas  investiga- 
tions are  held  in  suspension.  Since  bottom  velocities  during  periods 
when  silt  is  being  transjwrted  in  significant  quantities  are  always  in 
excess  of  1.64  feet  per  second,  the  writer  believes  that  the  bed  loads, 
if  any,  at  sampling  stations  under  consideration  are  negligible  within 
the  limits  of  accuracy  of  stream  gagings  at  the  respective  stations* 
This  belief  is  supported  by  inspection  of  the  velocity  and  silt-per- 
centage curves  shown  in  figure  3. 

DISTRIBUTION    OF   SILT   THROUGHOUT    STREAM   CROSS    SECTION 
AND  RELATIONSHIP  OF  QUANTITY  OF  SILT  TO  VELOCITY 

Many  sets  of  special  samples  with  the  associated  velocities  were 
taken  at  a  number  of  sampling  sections  for  the  purpose  of  determin- 
ing the  relationship  of  velocity  to  silt  percentages,  the  distribution  of 
silt  in  verticals  and  cross  sections,  and  the  distribution  of  various 
sizes  of  particles  from  the  water  surface  to  as  near  the  bottom  of  the 
stream  as  samples  could  be  obtained  without  disturbing  the  natural 
flow  conditions.  The  record  of  a  set  of  special  samples  taken  from 
Brazos  River  at  Rosenberg,  April  16,  1929,  given  in  tables  5  to  7, 
inclusive,  and  shown  in  figure  3,  illustrates  this  part  of  the  investi- 
sration. 


Table  5. — Distribution  of  silt  in  cross  section  of  Brazos  River  at  Rosenberg, 

Apr.  16,  1929 ' 


Percentages  of  silt  by  weight  which  passed  and  remained  on 

sieves 

with  specified  number  of  meshes  per  inch 

Depth 

Silt 

Sta- 

tion 
no. 

sample 
was 
taken 

Velocity 

volume 
after  7 
days 

Passed 

no.  40, 

retained 

on  no.  65 

Passed 

no.  65, 

retained 

on  no. 

100 

Passed 

no.  100, 

retained 

on  no. 

150 

Passed 
no.  150, 
retained 

on  no. 
200 

Passed 

no.  200, 

retained 

on  no. 

300 

• 

Passed 
no.  300   1 

I 

Total 
silt 
con- 
tent 

Feet  per 

1 

Feet 

second 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent  j 

Percent 

142 

0 
f        -2 

4.'ii' 

""2.'049' 

""o.'6o2' 

""h'.'am 

'"'o.'ooi' 

""6."o66" 

""h'.'m 

""6.' 655*  I 

""0."678 

3.7 

4.71 

2.061 

.006 

.008 

.013 

.013 

.023 

.690  i 

.753 

7.5 

4.71 

2.098 

.010 

.008 

.017 

.019 

.025 

.702  j 

.781 

206 

11.2 

4.61 

2.034 

.010 

.014 

.019 

.020 

.031 

.706  1 

.800 

15.0 

4.04 

1.742 

.024 

.041 

.055 

.034 

.037 

.700  i 

.891 

17.2 

2.78 

2.294 

.039 

.085 

.089 

.037 

.039 

.706 

.995 

»18.2 
.2 

4."  56' 

"■"i'oie' 

.'662' 

.'oil" 

.'019' 

.'017' 

.'626" 

.'683'i 

"".'758 

4.0 

4.86 

2.106 

.006 

.010 

.018 

.021 

.031 

.715  1 

.801 

8.0 

5.03 

2.000 

.010 

.008 

.017 

.017 

.023 

.  730  i 

.805 

240  ' 

12.0 

4.35 

2.161 

.012 

.017 

.023 

.021 

.027 

.691 

.791 

16.0 

3.62 

2.245 

.025 

.021 

.027 

.027 

.031 

.712  1 

.843 

] 

18.9 

3.42 

1.964 

.027 

.029 

.038 

.032 

.036 

.720 

.882 

1 

>20.0 
f        -2 

6."65' 

'"T799' 

.'ooe' 

.'062' 

.'ooe'i "m 

."Oii'j .'695'i 

"*.'73l 

4.3 

5.64 

1.986 

.010 

.004 

.008  1          .012 

. 017  '          . 707  1 

.768 

8.6 

4.91 

2.013 

.008 

.010 

.020  i          .020 

.066  i          .695  i 

.819 

280 

12.8 

4.61 

2.028 

.016 

.012 

.019             .021 

.029             .  702  1 

.798 

17.0 

4.11 

2.194 

.018 

.012 

.023             .023 

.035  j          .711 

.822 

i 

20.2 
»21.3 

3.32 

2.314 

.046 

.029 

.030            .032 

.038            .727 

.902 

»  The  width  of  the  river  at  water  surface  was  395  feet,  extending  from  station  142  to  station  537.  Station 
numbers  are  distances  in  feet  from  initial  point  marked  on  face  of  left  bridge  abutment.  The  discharge 
was  31,000  second-feet. 

» Stream-bed  depth. 
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Table  5. — Distribution  of  silt  in  cross  section  of  Brazos  River  at  Rosenberg, 
Apr.  16,  iP£9— Continued 


Percentages  of  silt  by  weight  which  passed  and  remained  on  sieves 

with  specified  number  of  meshes  per  inch 

Depth 

Silt 

Sta- 
tion 

JIO. 

) 

sample 
was 
taken 

Velocity 

volume 
after? 
days 

Passed 
no.  40, 
retained 

Passed 
no.  65, 
retained 

Passed 
no.  100, 
retained 

Passed 
no.  150, 
retained 

Passed 
no.  200, 
retained 

Passed 
no. 300 

Total 
silt 
con- 

on no.  65 

on  no. 
100 

on  no. 
150 

on  no. 
200 

on  no. 
300 

tent 

Feet  per 

Feet 

second 

Percent 

Percent 

Percent  i   Percent 

Percent 

Percent 

Percent 

Percent 

(      0.2 

6.50 

1.898 

0.004 

0.002 

0.004 

0.004 

0.009 

0.668 

0.691 

4.9 

6.63 

1.907 

.006 

.004 

.011 

.013 

.021 

.683 

.738 

9.7 

6.20 

1.963 

.010 

.004 

.008 

.013 

.023  !          .688 

.746 

:320 

14.6 

5.89 

1.948 

.013 

.006 

.013 

.017 

.025  1          .694 

.768 

19.4 

5.37 

2.238 

.015 

.006 

.017 

.021 

.027  !          .707 

.793 

23.2 

4.58 

2.278 

.031 

.010 

.015 

.013 

.  019  1          .  687 

.775 

2  24.3 

(        -2 

...J 

7.'39' 

""'"2."025' 

'm 

.'664" 

.'667" 

'm 

.016            .  649 

"".■689 

4.7 

7.27 

2.246 

.002 

.002 

.010 

.011 

.019  1          .675 

.719 

9.4 

7.27 

2.083 

.004 

.004 

.011 

.015 

.023  '•          .682 

.739 

.360 

14.1 

6.79 

1.607 

.006 

.006 

.011 

.019 

.023  j          .692 

.757 

18.8 

6.15 

1.961 

.008 

.006 

.014 

.014 

.022            .683 

.747 

22.4 

4.86 

2.081 

.017 

.006 

.014 

.021 

.021  1          .690 

.769 

j 

»23.5 
.2 

i 

' 

7.'96" 

""""i.'949' 

.'oie" 

.664' 

.'oos' 

.616' 

.'6i8'| .'656' 

'".'706 

5.0 

7.12 

1.955 

.006 

.004 

.008 

.014 

.019  i          .673 

.724 

10.0 

6.56 

1.726 

.006 

.006 

.008 

.010 

.018  i          .671 

.719 

400 

15.0 

6.26 

2.135 

.008 

.004 

.008 

.012 

.  018  1          .  660 

.710 

20.0 

5.50 

2.013 

.006 

.002 

.010 

.018 

.029  i          .707 

.772 

24.0 

5.08 

2.137 

.006 

.006 

.014 

.018 

.022  1          .703 

.769 

.  2  25.  0 

r     .2 

1 

6."36' 

""2.'04i' 

.006 

.'664" 

.'oos' 

.614' 

."626"! .'762" 

""."766 

2.5 

6.56 

2.028 

.004 

.004 

.010 

.012 

.023  1          .674 

.727 

4.9 

5.99 

2.123 

.006 

.006 

.010 

.014 

.021  '          .678 

.735 

440 

7.4 

5.51 

1.988 

.004 

.004 

.008 

.010 

.  021             . 639 

.686 

9.8 

4.86 

2.085 

.004 

.004 

.010 

.014 

.019 

.673 

.724 

11.3 

4.50 

2.085 

.002 

.002 

.010 

.010 

.017 

.666 

.707 

2  12.3 
.2 
1.2 

4."86" 
5.20 

480 

"""i.'954" 

.'662" 

.'064" 

'm 

.'616" 

.'ois" 

."627' 

"".'669 

2.4 

5.26 

1.929 

.008 

.004 

.010 

.012 

.017 

.650 

.701 

2  3.4 

537 

"^  stream-bed  depth. 

There  is  no  evidence  of  any  direct  relationship  between  suspended 
load  and  the  velocity  of  the  water  at  the  river  stations  under  con- 
sideration. It  is  true  that  the  higher  the  velocity  the  greater  the 
carrying  capacity  but,  since  the  capacity  load  is  not  even  approxi- 
mately reached,  the  magnitude  of  the  silt  charge  carried  must  be 
a  function  of  loading  and  not  of  capacity  to  carry. 

The  greater  part  of  the  silt  load  of  a  stream  is  made  up  in  advance 
by  the  process  of  weathering.  After  a  dry  period  the  first  water 
that  runs  off  picks  up  the  weathered  material  and  carries  it  into 
the  stream.  After  the  first  flushing,  run-off  from  the  wet  area  must 
depend  on  erosion  for  its  silt  load,  which  is  comparatively  light, 
since  the  portion  of  a  large  drainage  basin  where  excessive  erosion 
takes  place  is  small  in  comparison  with  the  entire  area. 

All  of  the  samples  listed  in  table  5  were  placed  in  glass  tubes,  each 
42  inches  long  and  having  an  inside  diameter  of  three  fourths  inch. 
After  7  days'  settlement  the  heights  of  the  silt  columns  were  meas- 
ured and  the  percentages  of  silt  by  volume  calculated.  The  average 
ratio  of  the  percentage  of  silt  by  volume  to  the  percentage  by  weight 
was  found  to  be  2.659.  The  results  are  tabulated  in  the  fourth 
column  of  table  5. 
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The  data  shown  in  table  5  indicate  that  material  of  dimensions 
large  enough  to  be  retained  on  the  no.  65  sieve  was '  present  from, 
a  depth  of  0.2  foot  to  the  lowest  limit  of  sampling — 1  foot  above 
the  stream  bed.  Generally  the  amount  of  this  grade  of  suspended 
material  increased  from  the  surface  toward  the  bottom.  The  excep- 
tions occurred  in  the  direction  of  the  right  bank  and  were  probably 
due  to  ascending  currents  noticeable  at  the  water  surface  in  swells 
similar  to  those  appearing  on  the  surface  of  boiling  liquid.  As. 
the  particles  graded  from  coarser  to  finer,  they  were  more  uniformi 
in  their  distribution  in  verticals.  More  than  90  percent  of  the  total 
amount  of  suspended  silt  in  the  44  samples  listed  consisted  of  par- 
ticles small  enough  to  pass  the  no.  300  sieve. 

VELOCITY  AND  SILT-PERCENTAGE  CURVES 

Figure  3  shows  velocities  and  silt  percentages  of  samples  listed^ 
in  table  5.  The  extension  of  the  curves  from  the  points  of  the* 
deepest  samples  to  the  bottom  in  each  vertical  are  based  on  the- 
assumption  that  they  are  straight  lines  or  flat  curves  tangent  to  the- 
defined  curves  at  their  lowest  points.  This  assumption  may  not  be^ 
quite  correct,  but  any  error  in  the  final  results  is  necessarily  small^ 
since  the  portion  of  the  depth  to  which  the  extended  part  of  the* 
curve  applies  is  slight  in  comparison  with  the  total  depth. 

The  direction  of  the  velocity  curves  as  established  by  the  two> 
lower  points  indicates  that  the  bottom  velocity  is  high  enough  to» 
keep  in  suspension  all  material  of  the  grades  existing  at  this  sec- 
tion, a  conclusion  supported  by  the  silt  curves. 

Considering  the  silt  percentages  and  velocities  existing  at  station? 
205,  the  following  data  (table  6)  are  compiled  from  the  curves  of 
figure  3. 

Table  6. — Distribution  of  silt  content  wnd  velocity  of  flow  in  vertical  at  station) 
205,  Brazos  River  at  Rosenberg,  Apr.  16,  1929  ^ 


Silt  content 

Velocity 

Depth  at  which  samples  were  taken 

Percent- 
age by 
weight 

Ratio  to 
mean 

Feet  per 
second 

Ratio  to> 
mean 

Surfece 

0.68 
.72 
.75 
.77 
.78 
.78 
.80 
.82 
.89 
.96 

1.06 

0.84 

.89 

.92 

.95 

.96 

.96 

.99 

1.01 

1.09 

1.17 

1.31 

4.11 
4.52 
4.71 
4.72 
4.71 
4.68 
4.61 
4.42 
4.04 
3.40 
1.97 

0  95- 

One  tenth 

1  04' 

Two  tenths 

1  0O< 

Three  tenths 

1  10* 

Four  tenths 

1  09' 

Five  tenths 

1  08 

Six  tenths. 

1  07 

Seven  tenths ' 

1  03 

Eight  tenths 

93. 

Nine  tenths 

79 

Bottom 

4&'< 

>  Silt  percentages  and  velocities  at  surface,  0.2, 0.4,  0.6,  and  0.8  the  depth  and  within  1  foot  of  the  bottooii 
were  observed.    The  others  are  taken  from  the  curve. 

The  mean  percentage  of  silt  as  determined  from  the  curve  with  ai 
planimeter  is  0.81  and  the  observed  mean  (at  0.6  the  depth);  is  0j80^ 
making  the  ratio  of  the  latter  to  the  former  0.99. 

*A11  sieve  analy8e.s  were  made  with  Tyler  standard  sieves. 
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Similar  compilations  of  data  shown  for  the  stations  referred  to 
in  figure  3  are  the  bases  for  the  summary  given  in  table  7. 

Table  7. — Relation  of  mean  silt  content  to  silt  content  as  observed  at  0.6  depth, 
Brazos  River  at  Rosenberg,  Apr.  16,  1929 


Silt  content  by  weight 

station  no. 

Mean 
estimated 

from 
curves  ' 

Observed 
at  0.6 
depth 

Ratio  of 

observed 

to  means 

from 

curves 

205 .... 

Percent 
0.81 
.81 
.80 
.76 
.74 
.73 
.71 
.68 

Percent 

0.80 

.79 

.80 

.77 
.75 
.71 
.69 
.69 

0  99 

240 

.98 

280 

1  00 

320 

1  01 

360 

1.01 

400 

97 

440 

.97 

480 

1  01 

Mean. 

.76 

.75 

.99 

»  Mean  silt  content  determined  from  graphs  in  fig.  3. 

Table  7  shows  that  the  mean  ratio  of  observed  percentages  of  silt 
by  weight  at  0.6  depth,  to  the  mean  percentages  by  weight,  is  0.99, 
indicating  that  samples  from  0.6  depth  in  verticals  give  results  well 
within  the  limits  of  permissible  error  for  such  work. 

The  average  ratio  in  132  verticals  at  various  gaging  stations,  of 
the  percentage  of  silt  by  weight,  in  (1)  surface  samples  and  (2) 
samples  from  0.6  depth,  to  the  mean  percentages  of  samples  taken 


Width  (feet) 

JPlGtJRE  4. — Cross  section,  Brazos  River,  at  Rosenberg,  Apr.  16,  1929,  showing  lines  of 
equal  silt  percentages  by  weight  and  equal  velocities  in  feet  per  second.  (Solid  lines 
reprei?ent  percentage  of  silt  by  weight  and  dotted  lines  velocity  in  feet  per  second.) 

at  the  surface,  0.2,  0.4,  0.6,  0.8  depth  and  as  near  the  bottom  as  it 
was  possible  to  sample  without  disturbing  the  stream  bed,  were 
0.908  and  0.999,  respectively. 

The  distribution  of  silt  in  a  cross  section  of  the  Brazos  River  at 
Rosenberg,  April  16,  1929,  and  its  relation  to  velocities  are  shown 
graphically  in  figure  4.  The  unsymmetrical  forms  of  lines  of  equal 
silt  percentages  by  weight  and  equal  velocities  in  feet  per  second  are 
due  to  unbalanced  cross  section  and  slight  curvature  of  the  river 
channel  in  close  proximity  to  the  section. 
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Analysis  of  tables  5  and  7  shows  that  the  ratio  of  observed  per- 
centages of  silt  by  weight  at  0.6  depth  to  the  mean  percentage  by 
weight  in  verticals  having  depths  varying  from  3.4  to  25.0  feet  is 
approximately  unity.  The  vertical  curves  of  silt  percentages  in  fig- 
ures 5  and  6  show  that  the  same  relationship  exists  in  compara- 
tively deep  water,  being  1.00,  0.97,  and  1.00  for  depths  of  41.5,  42.2, 
and  31.0  feet,  respectively. 


Silt  (per  cent  by  miihi) 
06  a7  08 


Silt  (per  cent  by  weight) 
05  06  07  08  as 

T 


Velocity  (feet  per  second) 


Velocity  (feet  per  second) 


Figure  5. — Velocity  and  silt-percentage  curves  at  station  210,  Brazos  River,  at  Rosenberg, 

May  31  and  June  1,  1929. 


In  table  8  are  listed  samples,  the  vertical 
curves  of  silt  percentage  of  which  are  shown 
in  figures  5  and  6.  The  amount  of  coarser 
material  generally  shows  an  increase  from  the 
surface  toward  the  bottom  and  the  particles 
of  sufficient  fineness  to  pass  the  no.  300  sieve 
were  very  evenly  distributed  in  the  verticals. 
With  the  exception  of  the  sample  taken  May 
31  at  a  depth  of  0.2  foot,  material  large  enough 
to  be  retained  on  the  no.  65  sieve  was  found 
at  all  depths. 


Silt  (p 
05 


I" 


4 


"IPs^ 


r 


t  by  weigtit) 

OT         08 


Velocity  (feet  per  second) 

FiouBE  6. — Velocity  and 
silt-percentage  curves, 
Little  River,  near 
Little  River,  at  mid- 
stream, June  15,  1027. 


MEAN   PERCENTAGE  OF   SILT,  BY  WEIGHT,   IN   CROSS   SECTIONS 

Table  9  is  a  compilation  of  results  of  17  samplings  of  flood  water, 
from  5  to  8  verticals,  in  river  cross  sections,  in  which  samples  were 
taken  at  the  surface,  as  near  the  bottom  as  practicable  and  at  0.2, 
0.4,  0.6,  and  0.8  depth,  respectively.  The  purpose  of  this  table  is  to 
justify  the  use  of  the  percentage  of  silt  in  samples  from  0.6  depth 
as  the  mean  percentage  in  verticals  and  the  mean  of  the  percentages 
from  0.6  depth  in  verticals  at  one-sixth,  one-half,  and  five-sixths 
width  as  the  mean  percentage  in  cross  sections.  Values  in  columns 
2,  3,  and  4  are  mean  percentages  of  silt,  in  river  cross  sections,  de- 
termined by  using  the  mean  of  6  samples  from  each  of  5  to  8 
verticals  in  sections,  the  percentages  in  samples  from  0.6  depth  in 
each  of  5  to  8  verticals,  and  the  percentages  in  samples  from  0.6 
depth  in  verticals  at  one-sixth,  one-half,  and  five-sixths  width, 
respectively. 
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Table  8. — Distribution  of  silt  im  comparatively  deep  verticals  and  mecha/nical 
analyses  of  suspended  material  at  various  depths,  68  feet  from  left  edge  of 
ivater,  in  Brazos  River  at  Rosenberg 

MAY  31,  1929,  DEPTH  41.5  FEET,  DISCHARGE  86,900  SECOND-FEET 


Velocity 

Percentages  of  silt  by  weight  which  passed  and  remained  on 
sieves  with  specified  number  of  meshes  per  inch 

Depth  sample  was  taken 

Passed 

no.  40, 

retained 

on  no.  65 

Passed 

no.  65, 

retained 

on  no.  100 

Passed 

no.  100, 

retained 

on  no.  200 

Passed 

no.  200, 

retained 

on  no.  300 

Passed 
no.  300 

Total 
silt 

0.2  foot 

Feet  per 
second 
3.93 
4.75 
5.21 
5.64 
5.36 
4.45 

Percent 
0.000 
.004 
.010 
.022 
.024 
.043 

Percent 
0.004 
.022 
.024 
.024 
.028 
.065 

Percent 
0.005 
.042 
.028 
.051 
.052 
.066 

Percent 
0.010 
.028 
.025 
.014 
.036 
.043 

Percent 
0.579 
.603 
.604 
.606 
.642 
.637 

Percent 
0.598 

8.3  feet 

16.6  feet  ..      . 

691 

24.9  feet 

717 

33.2  feet 

782 

40.3  feet                  .  . 

854 

41.5  feet  (bottom) 

JUNE  1,  1929,  DEPTH  42.2  FEET,  DISCHARGE  88,000  SECOND-FEET 


0.2  foot 

8.4feet -..- 

16.8  feet 

25.2  feet 

33.6  feet 

41.0  feet 

42.2  feet  (bottom). 


3.36 
4.87 
5.51 
5.79 
5.49 
3.47 


0.016 
.008 
.017 
.015 
.028 


0.036 
.015 
.021 
.012 
.023 
.059 


0.034 
.053 
.037 
.021 
.043 
.075 


0.032 
.034 
.009 
.034 
.020 
.015 


0.445 
.457 
.447 
.458 
.465 
.462 


0.563 
.567 
.531 
.540 
.579 
.710 


Tabm]  9. — Mean  percentage  of  silt  by  weight  in  cross  sections  of  streams  as 
determined  in  3  ways  and  prohable  error  resulting  from  ushig  second  and 
third  methods 


Date 

Mean  percentage  of  silt  in  section 

Difference  of  means  in 
sections,  using  from 
5  to  8  verticals  and  S 
verticals 

Using  from  5  to  8  ver- 
ticals in  sections 

Using  3 

verticals  in 

sections  at 

H,  H,  % 

width  , 

using 

value  at 

0.6  depth 

for  mean 

in  vertical 

River  and  river  station 

Using 
means  of 
6  samples 
in  vertical 

Using 

value  at 

0.6  depth 

for  mean 

in  vertical 

Using 
means  of 
6  samples 
in  vertical 

Using 

value  at 

0.6  depth 

for  mean 

in  vertical 

Brazos  River: 
Mineral  Wells 

Mar.  17, 1924 
Mar.  22, 1924 
Apr.   27,1924 
May    1,1924 
May    1,1925 
Sept.  15, 1925 
Sept.  21, 1925 
Sept.  16, 1925 
June  29,1926 
May  14,1927 
June  17,1927 
June  15,1927 
May  20,1928 
Aug.     7, 1928 
Apr.    16,1929 
Sept.  13, 1929 
May  15,1928 

Percent 

0.23 
.29 
.84 
.99 

2.34 

1.39 
.77 

1.40 
.90 
.41 

1.37 
.23 

1.26 
.40 
.76 

1.51 
.17 

Percent 

0.23 

.29 

.83 

1.00 

2.34 

1.42 

.78 

1.41 

.90 

.40 

1.38 

.23 

1.28 

.40 

.75 

1.52 

.17 

Percent 

0.22 

.29 

.82 

1.01 

2.36 

1.44 

.78 

1.43 

.91 

.41 

1.40 

.23 

1.30 

.40 

.75 

1.55 

.17 

Percent 

14.5 

.0 

12.4 

2  2.0 

2.8 

2  3.4 

2  1.2 

2  2.0 

2  1.1 

.0 

2  2.1 

.0 

2  3.0 

.0 

1  1.3 

2  2.6 

.0 

Percent 

1  4.5 

.0 

Waco 

1  1.2 

Do 

2  1.0 

Do 

2.8 

Do 

2  1.4 

Do..-- 

.0 

Do.      .  . 

2  1.3 

Rosenberg 

2  1.1 

Waco 

2  1.7 

Rosenberg  . 

2  1.7 

Waco 

.0 

Do 

2  1.5 

Glen  Rose 

.0 

Rosenberg 

Waco 

.0 

2  1.9 

Three  Rivers 

.0 

1  Indicates  decrease  below  value  of  true  mean. 

2  Indicates  increase  above  value  of  true  mean. 
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The  results  given  in  column  6  indicate  the  probable  error  in  mean 
percentage  of  silt,  in  cross  sections,  determined  by  using  the  per- 
centage in  samples  from  0.6  depth  for  the  mean  in  each  of  5  to  8 
verticals  and  those  in  column  7  indicate  the  probable  error  deter- 
mined by  using  the  percentage  in  samples  from  0.6  depth  in  verticals 
at  one-sixth,  one-half,  and  five-sixths  width.  These  results  indicate 
that  percentages  of  silt  in  samples  from  0.6  depth  in  verticals  and 
at  one-sixth,  one-half,  and  five-sixth  width  give  mean  percentages  in 
cross  sections  within  the  limits  of  accuracy  obtained  in  stream  gaging 
at  the  respective  stations. 

GRAPHICAL  COMPARISON  OF  DISCHARGE  AND  SILT  PERCENTAGE 

Figures  7,  8,  and  9  show  graphically  discharge  in  cubic  feet  per 
second  and  silt  percentage  by  weight  of  Brazos  River  near  Mineral 
Wells,  at  Waco,  and  at  Rosenberg,  for  the  calendar  year  1929.  These 
figures  show  that  the  maximum  silt  percentage  by  weight  usually 
occurs  prior  to  the  maximum  stream  discharge.    When  samples  are 


Ftb.  Mw.  Apr. 


June  July  Aug.         Sept.         Oct.  Nov.  Dm. 
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-Discharge  in  second-feet  and  percentage  of  silt  by  weight,  Brazos  River,  at 
Mineral  Wells,  during  1929. 


taken  throughout  a  rise  and  fall  in  a  stream,  an  increase  is  noticeable 
in  silt  percentage  up  to  a  certain  discharge.  A  further  increase  in 
discharge  is  associated  with  a  decrease  in  percentage  of  silt,  due  to 
dilution.  As  the  water  surface  recedes  during  the  falling  stage  the 
silt  percentage  is  again  increased,  due  to  the  sliding  of  recently 
deposited  silt  into  the  stream  from  the  sloping  banks  where  trees 
and  brush  had  retarded  the  velocity  so  that  deposition  resulted.  In 
some  streams  this  secondary  increase  in  silt  percentage  is  due  largely 
to  the  caving  of  banks  undercut  by  the  current. 

The  flood,  the  crest  of  which  passed  Rosenberg  June  6,  with  a 
discharge  of  123,000  second-feet,  was  made  up  of  contributions  re- 
ceived below  Waco  from  Little  Brazos  River,  Little  River,  Navasota 
River,  Yegua  River,  and  other  smaller  streams.  The  decrease  of 
percentage  of  silt  by  weight  as  the  discharge  increased  is  clearly 

181593—33 3 
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illustrated  by  the  records  of  this  flood.  The  maximum  silt  percent- 
age was  being  transported  May  28,  when  the  discharge  was  28,700 
second-feet. 

The  flood,  the  crest  of  which  passed  Rosenberg  November  11,  with 
a  discharge  of  46,200  second-feet,  also  originated  below  Waco.    The 
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Figure  8. — Discharge  in  second-feet  and  percentage  of  silt  by  weight,  Brazos  River  at 

Waco,  during  1929. 
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Figure  9. — Discharge  in  second-feet  and  percentage  of  silt  by  weight,  Brazos  River  at 

Rosenberg,  during  1929. 


maximum  silt  percentage  was  carried  November  10,  when  the  dis- 
charge was  34,600  second-feet. 

Figures  7,  8,  and  9  also  illustrate  the  fluctuating  character  of  the 
stream  flow  which  occurs  in  sharp  rises  of  comparatively  short 
duration. 
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MECHANICAL  ANALYSES  OF  SUSPENDED  SILT 

Mechanical  analyses  of  routine  daily  samples  of  muddy  water 
taken  at  various  sampling  stations  were  made  from  time  to  time. 
The  results  of  the  analyses  of  some  of  the  samples  are  listed  in  table 
10.  Material  retained  on  the  no.  60  sieve  consisted  of  vegetable 
matter,  shell  or  mica;  that  retained  on  sieves  nos.  100,  160,  and  200 
was  composed  largely  of  sand  grains;  and  that  passing  the  no.  200 
sieve  was  impalpable  alluvium,  having  none  of  the  sharp  gritty  feel 
to  the  fingers  that  is  characteristic  of  sand.  The  results  show  that 
the  material  is  extremely  fine,  since  over  97  percent  of  the  suspended 
load,  on  an  average,  passed  the  no.  300  sieve. 

Table  10. — Mechanical  analyses  of  suspended  load  of  muddy  water  from  daily 
sets  of  routine  samples  taken  at  0.6  depth  in  midstream 

DOUBLE  MOUNTAIN  FORK  OF  THE  BRAZOS  RIVER  NEAR  ASPERMONT 


Date 


Mean 

discharge 

for  day 


Percentages  of  silt  by  weight  which  passed  and  remained  on  sieves  with 
specified  number  of  meshes  per  inch 


no.  40, 
retained 
on  no.  60 


Passed 

no.  60, 

retained 

on  no.  100 


Passed 

no.  100, 

retained 

on  no.  160 


Passed 

no.  160, 

retained 

on  no.  200 


no.  200, 
retained 
on  no.  300 


no.  300 


Total  silt 
content 


1928 


July  10.. 
July  14-. 
July  15-. 
Aug.  5.. 
Aug.  8- 
Aug.  12. 
Aug.  13. 
Aug.  15. 
Aug.  19. 
Aug.  20. 
Aug.  21. 
Aug.  22. 
Aug.  25. 


Second- 
feet 
996 
343 
162 
1,180 
186 
279 
200 
85 
2,030 
700 
212 
121 
53 


Percent 
0.006 
.009 
.016 
.018 
.032 
.004 
.008 
.002 
.038 
.000 
.004 
.002 
.000 


Percent 
0.004 
.004 
.012 
.004 
.013 
.002 
.002 
.004 
.010 
.000 
.002 
.000 
.000 


Percent 

0.012 

.004 


.002 
.002 
.006 
.000 
.027 
.000 
.004 
.002 
.000 


Percent 
0.010 
.002 
.004 
.017 
.004 
.011 
.008 
.007 
.058 
.000 
.002 
.004 
.000 


Percent 
0.006 
.002 
.004 
.025 
.005 
.008 
.009 
.008 
.134 
.006 
.006 
.007 
.001 


Percent 
1.282 
1.220 
1.151 
1.462 

.603 
1.533 
1.534 

.712 
3.137 
1.622 
1.324 

.588 

.056 


Percent 
1.320 
1.241 
1.195 
1.534 

.659 
1.560 
1.567 

.733 
3.404 
1.628 
1.342 

.603 

.057 


BRAZOS  RIVER  AT  SEYMOUR 


Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19. 


162 

0.010 

0.005 

0.006 

0.008 

0.014 

2.212 

282 

.008 

.004 

.002 

.004 

.004 

2.188 

499 

.012 

.008 

.002 

.002 

.004 

2.219 

284 

.006 

.002 

.002 

.002 

.006 

2.187 

132 

.008 

.002 

.004 

.002 

.020 

2.222 

74 

.008 

.002 

.002 

.002 

.018 

2.237 

2.265 
2.210 
2.247 
2.205 
2.258 
2.269 


BRAZOS  RIVER  AT  WACO 


Aug.  24. 


850 


0. 001    0. 001    0. 001 


0.002 


0.004 


0.178 


0.187 


RELATIONSHIP  BETWEEN  PERCENTAGES  OF  SILT  BY  WEIGHT  AND 
BY  VOLUME  AFTER  SETTLEMENT  FOR  7  DAYS 

In  order  to  arrive  at  the  relationship  between  the  percentage  of 
silt  by  weight  and  the  percentage  by  volume  in  individual  samples 
after  settlement  for  7  days,  many  samples  containing  various  charges 
of  suspended  matter  were  placed  in  glass  tubes  42  inches  in  length 
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with  uniform  inside  diameter  of  three  fourths  inch.  At  the  end 
of  7  days  the  percentage  of  silt  by  volume  was  determined  from 
the  depth  of  the  silt  column  and  the  total  depth  of  the  sample  when 
placed  in  the  tube.  After  making  the  volumetric  determination  the 
percentage  of  silt  by  weight  was  determined  in  the  usual  manner. 
Table  11  is  a  summary  of  the  results  of  these  tests. 

Table  11. — Relationship  'between  average  silt  percentages  hy  volimie  and  weight, 
in  samples  of  muddy  water  from  various  rh^ers  and  sampling  stations 


Locality 

Samples 
involved 

Average  silt- 

Ratio  of 
volume 

River 

Weight 

V  olume  1 

percent- 
age to 
weight 

percent- 
age 

Brazos: 

Clear  Fork.. 

Eliasville 

Number 

23 

22 

211 

75 

217 

206 

226 

168 

46 

11 

7 

2 

3 

4 

12 

13 

Percent 
0.36 
1.80 
1.72 
1.61 
.89 
1.00 
.92 
.76 
.46 
.68 
.37 
1.43 
.40 
.79 
1.24 
.73 

Percent 
1.16 
4.90 
5.86 
4.80 
3.15 
3.26 
3.00 
2.56 
1.40 
1.79 
1.50 
3.42 
1.44 
2.11 
3.43 
2.12 

3  2-1 

Salt  Fork . 

Aspermont 

2  7-1 

Double  Mountain  Fork 

Aspermont— ... 

3  4-1 

fSeymour 

3  0-1 

Brazos 

Mineral  Wells 

J  Glen  Rose 

3.5-1 
3  3  1 

Waco 

3  3-1 

Rosenberg. 

3.4-1 

Little  River 

Little  River 

3  0-1 

Colorado  of  Texas 

Tow 

2  6-1 

Nueces 

Three  Rivers 

4  0-1 

San  Gabriel-   

2  4-1 

San  Antonio  - 

Falls  City 

3  6-1 

West  Fork  Trinity 

Ten  Mile  Bridge 

Boquillas 

2  7-1 

Rio  Grande .  . 

2  8-1 

2.9-1 

Total  or  average.       ..    . 

1,246 

1.07 

3.52 

3  3-1 

1  Percentage  by  volume  after  7  days  in  glass  tubes. 

A  total  of  1,246  samples  were  tested  both  gravimetrically  and 
volumetrically.  In  each  instance  the  water  column  above  the  silt 
was  clear  within  1  hour  after  being  placed  in  the  tube,  the  rapid 
deposition  of  the  silt  being  due  to  the  action  of  salts  in  solution.  The 
percentage  of  silt  by  weight  varied  from  0.09  to  10.28,  the  percentage 
of  silt  by  volume  after  7  days'  settlement  from  0.12  to  19.12,  and  the 
ratio  of  volume  percentage  to  weight  percentage  from  1.1  to  7.7. 
The  wide  range  of  values  of  the  ratio  of  volume  percentage  to  weight 
percentage  suggests  the  difficulty  encountered  in  using  silt  analyses 
based  on  the  volumetric  method. 


SILT  SURVEY  OF  MEDINA  RESERVOIR 

The  plans  for  the  investigation  included  actual  measurement  of 
the  volumes  of  silt  in  a  number  of  reservoirs,  but  preliminary  studies 
showed  that  conditions  were  satisfactory  for  such  surveys  at  reason- 
able costs  in  only  a  few  of  them. 

To  measure  a  silt  deposit  under  the  water  surface  it  is  important 
that  a  topographic  map  of  the  storage  basin,  as  it  was  before  any 
water  was  stored  in  it,  with  a  small  contour  interval,  be  available, 
or  that  the  silt  should  have  been  continually  submerged  since  its 
deposition.  A  15-pound  window  weight  attached  to  a  sounding  line 
penetrated  such  a  deposit  and  came  to  rest  on  the  original  ground 
surface.    Grit  brought  up  on  the  end  of  the  weight  indicated  that 
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the  lower  limit  of  the  silt  had  been  reached.  This  was  checked  by 
excavating  to  the  bottom  of  silt  in  exposed  deposits.  After  shrink- 
age due  to  exposure  of  the  silt  to  the  atmosphere  occurs,  the  surface 
sets  to  such  an  extent  that  it  may  be  the  limit  of  penetration  of  the 
sounding  weight  when  submergence  again  takes  place. 

During  September  1925  a  survey  of  Medina  Reservoir  was  made 
for  the  purpose  of  determining  the  volume  of  silt  after  13  years  of 
actual  service.  This  reservoir  is  located  in  Bandera  and  Medina 
Counties,  about  35 
miles  northwest  of 
San  Antonio.  The 
dam  is  a  concrete 
structure  with  a  grav- 
ity section,  across  the 
Medina  River  Can- 
yon, having  a  maxi- 
mum height  of  164 
feet.  The  storage  ca- 
pacity at  the  eleva- 
tion of  the  spillway 
crest  is  254,000  acre- 
feet.  The  contribut- 
ing area  above  the 
dam  is  587  square 
miles  ®  the  larger  part 
of  which  is  brush- 
covered  grazing  land 
having  a  range  in  ele- 
vation above  sea  level 
of  from  1,000  to  2,500 
feet.  T  ii  e  average 
annual  rainfall  is 
about  29  inches  (£1). 

The  map  of  Medina 
Reservoir  (fig.  10) 
shows  roughly, 
among  other  features, 
the  contours  at  the 
spillway  crest — eleva- 
tion 1,072— at  eleva- 
tion 1,000,  the  old 
river  channel  above 
elevation  1,000,  and  approximate  distances  from  the  dam  in  miles. 
The  broken  lines  indicate  the  cross  sections  where  soundings  were 
made  during  the  silt  survey  of  1925. 

Silt  depths  were  measured  in  eight  sections  between  extreme 
backwater  and  the  dam.  Distances  from  initial  points  were  meas- 
ured on  a  one  thirty-second  inch  tinned  airplane  wire,  marked  at 
intervals  of  100  feet,  stretched  from  shore  to  shore  where  widths 
did  not  exceed  1,300  feet.  For  sections  of  greater  width,  one  end 
of  the  wire  was  fastened  on  one  shore  and  distances  were  measured 
by  unwinding  the  wire  from  a  hand  reel  and  counting  the  markers. 


Mam  dam 
Figure   10. — Medina    Reservoir,    Medina   River. 


•  Measured  on  Medina  Valley  Irrigation  Co.  and  U.S.  Army  topographic  maps. 
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After  sounding  from  one  shore  as  far  as  the  line  permitted,  it  was 
taken  up  and  anchored  at  a  point,  previously  tied  in  by  triangula- 
tion,  on  the  opposite  shore. 

The  total  silt  volume  was  found  to  be  2,692  acre-feet,  equivalent 
to  a  yearly  average  of  207  acre-feet  or  0.35  acre-foot  per  square  mile 
of  drainage  area  per  year.  Volume-weight  determinations  of  sam- 
ples of  deposited  material  indicated  that  the  average  weight  of  the 
dry  material  per  cubic  foot  of  deposit  approached  30  pounds.  At 
this  rate  of  accumulation  it  would  require  over  1,200  years  for  the 
silt  of  the  nature  of  that  found  at  the  time  of  the  survey  to  occupy 
the  entire  storage  capacity. 

The  silt  is  gray  in  color  except  on  the  surface  of  the  deposit, 
where  vegetable  matter  has  colored  it  a  bluish  black.  No  grit  can 
be  detected  in  it  with  the  fingers.  The  liquid  mud  is  extremely  fine, 
99.5  percent  passing  a  no.  300  sieve. 

At  and  near  the  elevation  of  the  spillway  crest,  in  the  main  river 
channel  at  the  upper  end  of  the  reservoir,  there  were  some  bars 
of  sand  and  gravel  but  not  in  quantity  sufficient  to  indicate  that  the 
reservoir  had  any  influence  on  its  deposition. 

In  September  1930,  owing  to  scarcity  of  rainfall  and  the  increased 
demand  for  water  on  the  irrigation  project,  the  water  surface  in  the 
reservoir  reached  a  lower  elevation  than  at  any  time  since  the  initial 
filling.  All  water  except  that  in  the  main  river  channel,  extending 
from  the  dam  to  a  point  approximately  4  miles  upstream,  was 
drawn  out. 

While  the  deposit  was  exposed  to  the  sun  and  atmosphere,  material 
consolidation  took  place  rapidly,  as  indicated  by  shrinkage  cracks, 
subsidence  of  the  surface,  and  the  growth  of  weeds  upon  it.  In  a 
depression  near  mile  5,  the  original  surface  of  the  soft  silt  was 
definitely  located  in  the  fork  of  a  dead  pecan  tree  left  standing  in 
the  reservoir.  The  depth  of  the  deposit  had  been  reduced  from  7.2 
to  2.7  feet.  Since  the  soft  deposit  before  being  exposed  contained 
about  30  pounds  of  dry  material  per  cubic  foot  of  mud,  the  corre- 
sponding value  at  the  time  this  measurement  was  made  approached 
80  pounds. 

From  volume-weight  determinations  of  many  samples,  made  over 
a  period  of  5  years,  and  a  careful  and  thorough  inspection  of  the 
exposed  deposits  at  low-water  stages,  the  average  dry  weight  per 
cubic  foot  of  deposit  following  the  period  of  exposure  was  estimated 
to  be  63.6  pounds.  Obviously,  the  2,692  acre-feet  of  material  meas- 
ured in  the  reservoir  during  September  and  October  1925  was  re- 
duced in  volume  to  1,270  acre-feet  by  the  end  of  1930,  due  to  the 
shrinkage  caused  by  exposure  to  the  sun  and  atmosphere,  the  knead- 
ing and  mixing  resulting  from  floods  scouring  blocks  of  exposed 
consolidated  silt  from  place,  rolling  them  down  the  stream,  and 
finally  depositing  them  on  the  softer  sediment  at  lower  elevations, 
and  the  natural  shrinkage  which  takes  place  in  submerged  deposits 
as  water  is  slowly  liberated. 

There  is  no  way  of  ascertaining  just  what  the  ultimate  average 
dry  weight  per  cubic  foot  of  deposit  will  be,  but  it  seems  rational 
to  expect  tliat  it  will  approximate  74  pounds.  (See  samples  7  and 
8,  table  15.)  There  is  a  slight  probability  that  the  average  density, 
equivalent  to  that  represented  by  samples  4  and  6,  table  15,  will  exist 
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during  the  useful  life  of  a  reservoir.  However,  for  a  reservoir, 
having  a  prospective  life  of  several  centuries,  as  Medina  Reservoir 
has,  the  lower  value  may  be  reached. 

The  exposed  silt  was  confined  to  the  channel  and  depressions  on 
the  reservoir  bottom.  There  was  no  silt  on  the  hummocks  on  the 
large  flat  areas  on  each  side  of  the  main  channel  although  they  had 
been  submerged  by  water  to  depths  of  from  40  to  100  feet  for  long 
periods  of  time.  On  the  other  hand,  all  depressions  on  the  flats 
contain  silt.  This  condition  is  due  to  the  movement  of  silt  in  the 
form  of  liquid  mud  on  the  reservoir  bottom.  The  mud,  having  a 
greater  specific  gravity  than  water,  flows  on  extremely  flat  slopes. 
The  silt  settling  on  the  precipitous  slopes  of  the  river  channel  flows 
immediately  down  them  and  then  moves  along  the  bottom  of  the 
channel  until  blocked  by  the  dam. 

Streams  that  frequently  overflow  their  banks  during  floods  build 
up  the  adjacent  banks,  by  the  deposition  of  silt,  to  such  an  extent 
that  there  is  a  considerable  slope  away  from  the  channel.  When 
such  topography  exists  in  a  reservoir,  all  silt  deposited  on  the  side 
slopes  flows  obliquely  away  from  the  axis  of  the  stream.  This  ac- 
counts for  the  fact  that  main  river  channels  in  reservoirs  retain 
their  identity  for  a  long  period  of  time  {19)  although  the  volume 
of  the  annual  silt  deposit  may  exceed  the  original  capacity  of  the 
channel  within  the  reservoir. 

EFFECT    OF    A    FLOOD    ENTERING    A    RESERVOIR    PARTLY    FILLED    WITH    CLEAR 

WATER 

Heavy  precipitation  occurring  April  20,  1926,  on  the  Medina 
watershed  produced  run-off  which  raised  the  water  surface  of  Me- 
dina Reservoir  from  elevation  1,034.3  feet  on  April  20  to  1,042.7 
feet  at  3  p.m.  on  April  28.  According  to  the  storage  capacity  curve 
of  the  Medina  Valley  Irrigation  Co.,  the  volume  between  these  ele- 
vations is  26,000  acre-feet. 

In  order  to  get  information  relative  to  the  behavior  of  muddy 
flood  water  entering  a  reservoir  partially  filled  with  clear  water, 
inspections  were  made  from  a  motor  boat,  starting  from  the  dam, 
on  April  23  and  29.  On  April  23,  at  a  point  12.5  miles  above  the 
dam,  water  was  running  rapidly  over  a  riffle,  indicating  that  the 
upstream  limit  of  slackwater  had  been  reached.  At  this  point  the 
water  had  a  light  color.  Owing  to  the  difficulty  of  holding  the 
boat  in  the  swift  current,  only  a  single  sample  from  near  the  bottom 
was  taken  in  this  section. 

At  mile  12,  where  the  depth  of  water  was  10  feet,  samples  were 
taken  at  the  surface,  at  one  half  and  three  fourths  depth,  and  at  the 
bottom.  At  all  other  points  of  sampling,  samples  were  taken  at  the 
surface,  one  fourth,  one  half,  and  three  fourths  depth,  and  at  the 
bottom.  At  mile  9i/^,  where  the  depth  of  water  was  26  feet,  all  of 
the  samples  were  light  gray  in  color.  At  mile  7,  where  the  depth 
of  water  was  54  feet,  mud  on  the  weight  indicated  that  the  sampling 
equipment  disturbed  the  soft  mud  on  the  bottom.  This  accounts 
for  the  increased  percentage  of  silt  in  the  bottom  sample  and  silt 
washed  from  the  equipment  as  the  bottom  sample  was  being  raised 
probably  increased  the  percentage  in  the  sample  from  three  fourths 
depth.    All  of  the  samples  were  light  gray  in  color  but  an  increased 
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intensity  of  color  in  samples  from  the  surface  to  the  bottom  was 
apparent. 

At  mile  5,  where  the  depth  of  water  was  64  feet,  the  samples  from 
the  surface  and  one  fourth  depth  showed  no  signs  of  color,  but  those 
from  one  half  and  three  fourths  depth  and  the  bottom  had  the 
characteristic  light  color.  At  mile  3.5,  where  the  depth  of  water 
was  89  feet,  the  samples  from  the  surface  and  one  fourth  depth  were 
clear  but  the  other  three  were  light  gray  in  color.  Samples  taken 
at  mile  2.75,  where  the  depth  of  water  was  90  feet,  were  clear  from 
the  surface  to  the  bottom. 

On  April  29,  samples  from  a  vertical  at  mile  7  showed  less  color 
than  those  taken  in  the  same  section  April  23.  At  miles  5  and  3.5, 
the  water  appeared  to  be  clear  on  the  surface  although  samples 
from  below  were  slightly  colored.  Samples  from  mile  2.75  were 
clear  from  surface  to  the  bottom.  A  large  area  of  the  w^ater  surface 
from  mile  2  to  mile  7  was  covered  with  vegetable  matter  consisting 
of  bark,  leaves,  and  decayed  wood,  moved  about  by  the  wind  and 
carrying  grains  of  sand  picked  up  in  turbulent  water  before  enter- 
ing the  reservoir.  In  lowering  the  sampling  equipment  through 
this  drift  some  of  the  sand  load  was  displaced  and  taken  into  the 
water  samples  from  below. 

Upon  examination  of  these  samples  it  became  obvious  that  the 
bulk  of  the  silt  entering  the  reservoir  in  suspension  had  settled 
previous  to  the  taking  of  samples  on  April  23,  as  only  a  small  part 
of  the  extremely  fine  material  remained  in  suspension.  The  color 
was  noticed  in  the  samples  after  standing  2  weeks.  The  percentages 
of  silt  in  these  samples  by  weight  are  given  in  table  12. 

Table  12. — Percentage  by  weight  of  silt  in  samples  from  Medina  Reservoir  on 

2  daps  in  April  1926 

SAMPLES  TAKEN  APRIL  23 


Portion  of  depth  sample  was 
taken 

Mile  12}ri 

Mile  12 

Mile  m 

Mile  7 

Miles 

Mile  SH 

Mile  2% 

Surface    

Percent 

Percent 
0.030 

Percent 
0.021 
.022 
.021 
.027 
.028 

Percent 
0.006 
.004 
.013 
1.038 
1.062 

Percent 
0.002 
.002 
.019 
.011 
.022 

Percent 

0 

0 
.026 
.018 
.018 

Percent 
0 

J4  depth 

0 

}4  depth 

.032 
.032 
.029 

0 

5^  depth 

0 

Bottom 

0.026 

0 

SAMPLES  TAKEN  APRIL  29 


Surface -- 
H  depth. 
H  depth. 
H  depth. 
Bottom.. 


0.012 
0 
0 

1.020 
.002 


.013 


,013 
,007 


0.018 
.004 
.004 
.007 

1.026 


0.003 
0 


0 
1.020 


Bottom  disturbed  by  sampling  equipment. 


Muddy  water  entering  a  reservoir  partly  filled  with  clear  water 
does  not  mix  with  the  clear  but  forces  it  down  the  reservoir  toward 
the  dam.  This  process  has  been  definitely  illustrated  by  samples 
from  stations  in  the  Brazos  River  drainage.  Following  long  periods 
of  drought,  the  first  water  coming  downstream  due  to  a  flood  origi- 
nating on  the  upper  portion  of  the  watershed  is  noticeably  free  from 
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silt,  being  the  clear  water  forced  from  pools  by  the  heavier  muddy 
water.  No  suspended  silt  will  be  carried  through  the  reservoir  and 
over  the  spillway,  therefore,  until  all  of  the  clear  water  has  been 
discharged. 

NATURE  OF  SILT  IN  MEDINA  RESERVOIR 

The  storage  capacity  of  Medina  Reservoir  at  elevation  1,072  feet, 
that  of  the  spillway  crest,  is  254,000  acre-feet.  The  1,072  contour 
extends  up  the  Medina  River  16  miles  from  the  dam.  It  was  reported 
that  no  water  had  passed  over  the  spillway  since  1919.  Early  in 
May  1929,  the  water  surface  had  subsided  to  elevation  997  feet,  the 
lowest  stage  since  the  first  filling.  This  stage  is  30.5  feet  above  the 
invert  of  the  outlet  conduit  and  the  available  water  supply  in  storage 
was  22,000  acre-feet  or  less  than  one  eleventh  of  the  total  capacity. 
Backwater  is  estimated  to  have  extended  to  the  mouth  of  Cypress 
Creek,  about  8  miles  above  the  dam.  The  subsidence  of  the  water 
surface  exposed  a  considerable  area  of  the  silt  which  had  been 
deposited  at  higher  stages. 

Rains  on  the  watershed  of  the  reservoir.  May  12  and  13,  caused  a 
flood  which  had  practically  subsided  by  May  15  but  had  raised  the 
water  surface  to  elevation  1,003  feet  by  adding  7,563  acre-feet  of 
water  to  the  available  stored  water  supply.  This  combination  of 
conditions  offered  a  good  opportunity  to  secure  information  of  value 
and  May  15  and  16  were  spent  making  an  investigation  of  silt  condi- 
tions in  the  reservoir. 

The  information  particularly  desired  was  as  to  the  behavior  of 
silt-laden  inflow,  scouring  of  silt  deposits,  mechanical  composition  of 
deposits,  and  volume-weight  of  the  material. 

BEHAVIOR  OF  INFLOW 

With  the  water  surface  at  elevation  997  feet  before  the  rise  the 
extreme  backwater  point  is  estimated  to  have  been  about  8  miles 
above  the  dam,  near  the  mouth  of  Cypress  Creek.  After  the  rise  the 
water  surface  stood  at  elevation  1,003  feet  and  the  extreme  backwater 
point  was  one  fourth  mile  above  Cypress  Creek,  or  approximately 
81/4  miles  from  the  dam. 

The  first  floating  drift  was  noted  6%  miles  above  the  dam  and  2% 
miles  below  the  extreme  backwater.  The  2i/^-mile  movement  of  drift 
toward  the  dam  was  probably  due  to  the  current  set  up  by  the  flood 
water  in  the  narrow  sections  of  the  reservoir  at  the  existing  eleva- 
tion of  the  water  surface.  Muddy  water  at  the  surface  was  noted 
at  mile  7%  or  one  half  mile  below  extreme  backwater.  The  inflow, 
which  had  dropped  to  75  second-feet,  was  very  muddy,  due  to  erosion 
of  the  silt  beds  by  high-velocity  flow,  for  a  distance  of  approximately 
600  feet  immediately  upstream  from  the  backwater  point  (pi.  1,  A). 

The  section  shown  in  plate  1,  A,  is  submerged  about  67  feet  when 
the  surface  of  the  water  in  the  reservoir  is  at  the  elevation  of  the 
crest  of  the  spillway.  As  the  water  lowered,  the  silt  laid  down  at 
higher  stages  was  exposed  and  the  surface  dried  and  cracked  in 
blocks.  The  flood  of  May  13  to  14,  1929,  scoured  off  these  blocks 
and  part  of  the  deposit  below  them.  The  part  of  the  deposit  re- 
maining was  very  soft,  indicating  that  the  consolidation  due  to 
exposure  and  drying  did  not  extend  to  a  great  depth  in  the  deposit. 
The  trees  shown  were  killed  by  previous  submergence. 

18169S— 83 i 
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To  trace  the  course  of  the  muddy  inflow,  sets  of  samples  and 
simultaneous  velocities  were  taken  from  the  surface  to  the  bottom 
in  verticals  at  three  sections.  The  first  of  these  verticals  was  the 
middle  of  the  channel,  about  100  feet  downstream  from  the  last 
ripple  of  the  inflow,  where  the  depth  was  4.0  feet.  The  results  given 
in  table  13  show  a  nearly  normal  distribution  of  velocity  and  a  very 
even  distribution  of  silt  from  the  surface  to  the  bottom. 


Table  13. — Samples  from  Medina  Reservoir  taken  at  point  of  inflow  and  at 
mouth  of  Cypress  Creek,  May  15,  1929 

SAMPLES  TAKEN  AT  POINT  OF  INFLOW 


Depth  at 

which 

sample 

was 

Velocity 

Silt  by 

of  water 

weight 

taken 

Feet  per 

Feet 

second 

Percent 

0.1 

1.32 

0.785 

1.1 

1.35 

.880 

2.1 

1.32 

.875 

3.1 

1.23 

.895 

14.0 

I  Bottom. 
SAMPLES  TAKEN  AT  THE  MOUTH  OF  CYPRESS  CREEK 


0.1 

0.20 

0.019 

1.7 

.22 

.079 

2.7 

.40 

.066 

3.7 

.44 

.095 

4.7 

.68 

.106 

6.7 

.72 

.320 

16.6 

1  Bottom. 

The  second  of  these  verticals  was  the  middle  of  the  channel  at  the 
mouth  of  Cypress  Creek,  about  i/4  niil®  downstream  from  the  point 
of  inflow,  where  the  depth  of  water  w^as  6.6  feet.  The  velocities 
increased  from  the  surface  toward  the  bottom.  The  samples  taken 
in  this  vertical  show  a  fairly  uniform  increase  of  percentage  of  silt 
with  the  increase  in  depth,  indicating  the  settling  of  the  silt  toward 
the  bottom  as  the  mean  velocities  are  reduced.  The  results  are  also 
given  in  table  13.  The  sampling  equipment  disturbed  the  deposited 
material,  which  probably  accounts  for  the  increased  percentage  of 
silt  in  the  sample  from  the  depth  of  5.7  feet. 

The  third  vertical  was  in  the  old  river  channel  at  mile  7,  where 
the  depth  of  water  was  17.7  feet.  So  far  as  could  be  detected  by 
eye  or  the  current  meter,  there  was  no  movement  of  the  water  in 
the  entire  depth.  It  is  possible,  however,  that  near  the  bottom 
the  silty  water  was  flowing  but  at  too  low  a  velocity  to  be  detected 
with  the  meter.  The  percentage  of  silt  by  weight  in  the  samples 
taken  at  depths  of  12.8,  15.8,  and  16.8  feet  were  0.004,  0.019,  and 
0.155,  respectively.  To  a  depth  of  about  12  feet  the  water  was  free 
from  silt  and  below  that  depth  the  percentage  was  insignificant 
except  in  the  sample  taken  at  16.8  feet  in  which  the  silt  observed  was 
probably  due  to  disturbing  the  deposited  mud  with  the  equipment. 
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On  examining  the  map  of  the  reservoir,  it  will  be  noted  flint  with 
the  water  surface  near  elevation  1,000  feet,  the  greater  part  ol  the 
lake  above  mile  7  is  confined  to  the  channel  of  the  river  whicii  is 
so  narrow  that  the  crest  of  the  flood  probably  caused  velocities  for 
some  distance  below^  the  mouth  of  Cypress  Creek.  This  accounts  for 
the  muddy  water  at  the  surface  one  fourth  mile  below  the  point  of 
inflow.  The  distribution  of  silt  in  the  verticals  seems,  however,  to 
support  the  supposition  that  the  silt  load  of  inflowing  water  soon 
settles  to  the  bottom  of  the  reservoir  in  the  form  of  liquid  mud  and 
then  flows  into  depressions  or  down  the  valley  until  blocked  by 
the  dam. 

SCOUBING  OF  DEPOSITS 

Where  the  water  surface  in  a  reservoir  fluctuates  as  it  does  when 
water  is  drawn  out  for  irrigation,  the  general  average  weight  of  the 
silt  deposit  will  depend  largely  on  the  shrinkage  which  takes  place 
in  exposed  deposits  and  the  mixture  of  fine  and  coarse  material, 
which  may  be  produced  by  the  scouring  action  of  inflow  when  the 
water  surface  is  low.  The  scouring  effect  of  the  small  flood  in  Medina 
Reservoir  can  be  seen  in  plate  1,  A.  At  the  point  shown,  as  the  water 
surface  lowered,  the  deposits  in  the  channel  dried  out  to  a  depth  esti- 
mated at  12  inches  or  more.  When  the  flood  came  down,  this  hard- 
ened, cracked  surface  layer  and  part  of  the  soft  but  tenacious  deposit 
underneath  were  scoured  off  and  carried  downstream.  The  depth 
of  the  scour  could  not  be  determined  but  in  some  places  it  probably 
exceeded  2  feet,  since  soundings  in  this  part  of  the  old  channel  in  1925 
showed  depths  of  mud  from  2.5  to  2.8  feet,  which  at  that  time  was 
under  approximately  30  feet  of  water. 

An  interesting  form  of  silt  was  found  in  the  bar  shown  in  the 
foreground  of  plate  1,  A,  and  a  near  view  in  plate  1,  B.  The  surface 
of  the  silt  deposit  upstream  in  the  old  river  channel,  on  being  exposed 
to  the  atmosphere  for  some  time,  had  dried  and  cracked  into  blocks, 
the  cracks  ranging  in  width  up  to  4  inches  and  probably  exceeding 
12  inches  in  depth.  During  the  flood  stage  of  the  river,  the  hardened 
blocks  w^ere  torn  from  the  softer  material  below  and  were  rolled 
downstream  by  the  force  of  the  current.  The  abrasion  and  wearing 
of 'the  blocks  as  they  rolled  along  the  bottom  reduced  them  to  the 
cobble  form  shown  in  plate  1,  B.  The  continuation  of  the  flood  for 
a  longer  period,  subjecting  the  cobbles  to  further  abrasion,  would 
have  resulted  in  complete  disintegration. 

In  plate  1,  C,  an  attempt  was  made  to  show  the  dip  of  the  surface 
of  the  deposit.  It  is  believed  to  indicate  that  while  the  surface  of  the 
deposit  dried  out  and  cracked  to  depths  of  from  12  to  18  inches,  the 
material  underneath  remained  soft  enough  to-be  squeezed  out  when 
the  weight  of  the  flood  water  was  added  and  the  channel  removed  its 
lateral  support.  Trees  in  the  background  protected  this  portion  of 
the  deposit  from  the  scouring  velocities. 

Plate  2,  A,  shows  a  narrow  strip  of  dried  deposit  which  escaped 
the  scouring  action  of  the  flood  owing  to  the  protection  of  the  trees 
and  indentations  in  the  bank  of  the  river  channel.  Had  the  flood 
been  of  greater  magnitude  or  longer  duration  the  remainder  of  the 
deposit  would  have  been  carried  down  stream. 

Plate  2,  ]i,  shows  an  old  silt  deposit  in  Medina  Reservoir  7^4  miles 
above  the  dam.    Wave  action  prior  to  the  flood  of  May  13  to  14, 1929, 
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is  believed  to  have  been  responsible  for  the  erosion  of  the  deposit  in 
the  manner  shown. 

Plate  2,  C,  is  a  near  view  of  the  deposit  shown  in  B.  The  width 
of  the  cracks  gives  some  idea  of  the  shrinkage  which  takes  place 
when  fine  silt  dries  out.  Note  also  the  breaking  down  of  the  surface 
into  small  blocks. 

The  data  are  not  sufficient  to  warrant  an  estimate  of  the  volume 
of  silt  picked  up  and  moved  downstream  by  the  flood,  but  there  is  no 
doubt  that  it  was  considerable.  The  inflow  of  May  16  appeared  to 
be  loaded  to  capacity. 

Examination  of  the  deposits  indicated  that  drying  and  consoli- 
dation of  a  deposit  more  than  a  foot  below  the  surface  takes  place 
very  slowly  if  below  the  ground-w^ater  surface.  The  deposit  or  bar 
shown  in  plate  1,  A,  was  very  soft.  A  shovel  handle  could  be  pushed 
into  it  to  a  depth  of  18  inches  Avith  little  effort  and  only  the  portion 
covered  with  the  cobblelike  material  would  support  a  man's  weight. 

The  conditions  found  indicate  that,  in  selecting  a  volume-weight 
factor  for  silt  deposits  in  reservoirs,  any  allowances  made  on  the 
basis  of  probably  shrinkage  and  consolidation  of  the  deposit  should 
be  small  unless  the  deposit  is  exposed  at  intervals  to  the  sun  and 
atmosphere. 

MECHANICAL  COMPOSITION  OF  SILT 

On  the  trip  up  the  reservoir  samples  of  deposited  silt  were  taken 
from  the  bottom  of  the  old  river  channel  for  the  purpose  of  deter- 
mining the  mechanical  composition  and  the  relation  of  weight  to 
volume.  Sample  no.  1  was  taken  300  feet  above  the  dam,  no.  2  at 
mile  31/^,  and  no.  3  at  mile  7.  These  samples  were  taken  in  a  1-pound 
size  coffee  can  attached  to  a  15-pound  window  weight,  raised  and 
lowered  by  means  of  a  small  rope.  The  weight  was  sufficient  to  bury 
the  can  in  the  soft  deposit  and  permit  a  full-can  sample  to  be  taken. 
These  samples  consisted  of  liquid  mud  in  which  no  grit  could  be 
detected  with  the  fingers. 

Sample  no.  5  was  taken  at  the  point  of  inflow,  one  fourth  mile 
above  the  mouth  of  Cypress  Creek,  from  the  bar  shown  in  plate  1,  A. 
The  dried,  cracked  top  layer  of  the  original  deposit  had  been  scoured 
off  by  the  flood  and  the  sample  was  taken  from  the  remaining  soft 
silt  by  forcing  a  coffee  can  into  it  a  few  inches  below  its  surface  and 
about  1  foot  above  the  water  surface.  The  softness  of  the  deposit 
indicated  that,  on  exposure,  dehydration  and  shrinkage  of  the  deposit 
takes  place  very  slowly. 

On  testing  these  four  samples  with  sieves  it  was  found  that  in 
each  case  the  entire  sample,  with  the  exception  of  a  trace  of  sand, 
shell,  and  vegetable  r^atter,  passed  a  sieve  having  300  meshes  to  the 
inch.  The  only  coarser  material  found  was  coarse  sand  which  was 
noticed  on  the  surface  of  the  lower  end  of  the  bar  from  which  sam- 
ple no.  5  was  taken.  This  sand  was  insignificant  in  quantity  and 
was  evidently  brought  down  by  the  flood  of  the  preceding  day. 

VOLUME-WEIGHT  OF  DEPOSITS 

In  order  to  determine  the  relation  between  the  volume  and  weight 
of  the  deposited  silt  a  number  of  samples  were  taken.  Samples  1, 
2,  and  3,  already  noted,  consisted  of  liquid  mud  taken  from  the 
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PLATE    1 


'P— 


A,  Upstream  view  of  section  of  Medina  River  channel  one  fourth  mile  above  mouth  of  Cypress  Creek 
ana  8M  miles  above  Medina  dam.  B,  \  close  view  of  the  cobbles  shown  in  the  foreground  (pi.  1,  A). 
The  cobbles  are  composed  entirely  of  silt  and  were  evidently  produced  by  wearing  and  grinding  of 
loosened  blocks  of  dried  silt  as  these  blocks  were  torn  from  the  top  of  the  deposit  and  rolled  nlong  the 
bottom  of  the  stream  by  the  force  of  the  current  during  the  flood.  C,  Silt  deposit  on  the  right  bank 
of  Medina  River  about  one  fourth  mile  above  Cypress  Creek,  which  slumped  during  the  Hood  of 
May  13.  14.  1929. 
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PLATE   2 


A,  Remains  of  silt  deposit  after  scouring  effect  of  flood.     B,  Silt  in  Medina  reservoir  7H  miles  above 
dam.    C,  Near  view  of  the  deposit  shown  in  plate  2,  B. 
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bottom,  under  Avater  from  17  to  40  feet  in  depth.  Sample  no.  4 
was  one  of  the  silt  cobbles  shown  in  plate  1,  B,  taken  from  the 
lower  end  of  the  bar,  immediately  above  backwater.  After  being 
dried  in  the  oven  this  sample  was  broken  open,  disclosing  a  very 
dense  structure  free  from  cracks  and  cavities.  It  is  believed  that 
the  very  dense  structure  and  consequent  high  ratio  of  w^eight  to 
volume  was  due  to  compacting  caused  by  rolling  of  the  cobble  in. 
a  plastic  state,  along  the  bed  of  the  channel. 

Sample  no.  5  was  taken  in  the  same  location  as  sample  no.  4.  A 
hole  was  dug  in  the  deposit  and  a  coffee  can  tapped  into  the  side  of 
the  excavation,  a  few  inches  below  the  surface  of  the  mud  and  at 
an  estimated  depth  of  2  feet  below  the  original  surface  of  the  deposit, 
before  scouring  had  taken  place.  It  therefore  represents  the  lower 
portion  of  a  deposit  which  has  been  exposed  and  subjected  to  shrink- 
age from  partial  drying. 

Sample  no.  6  was  a  1-inch  cube  cut  from  the  surface  of  the  deposit 
shown  in  plate  1,  C,  and  was  taken  to  represent  the  surface  of  a 
deposit  after  a  long  period  of  exposure  to  the  atmosphere  and  the 
resulting  contraction.  On  breaking  this  sample  open  after  drying 
in  the  oven,  it  was  found  to  be  very  dense  and  free  from  cavities. 
This  dense  structure  was  confined  to  the  upper  2i/^  inches  of  the 
undisturbed  blocks  of  silt  and  is  probably  due  to  being  kneaded^ 
while  in  a  plastic  state,  by  the  flood  water. 

Sample  no.  7  was  cut  in  the  form  of  a  cube  from  2  to  3  inches 
below  the  surface  of  the  deposit  shown  in  plate  2,  C.  This  deposit 
w^as  on  the  right  bank  of  the  old  river  channel  at  mile  7  and  had 
been  exposed  for  a  sufficient  length  of  time  to  show  pronounced 
shrinkage.  The  sample  showed  a  few  small  cracks  on  the  surface 
and  many  small  irregular  cavities  throughout  its  interior. 

Sample  no.  8  was  also  taken  at  mile  7,  about  500  feet  from  the 
right  bank  of  the  old  river  channel  on  a  wide  flood  plain.  The  de- 
posit in  this  location  was  at  an  elevation  from  10  to  15  feet  above 
that  from  which  sample  no.  7  was  taken.  This  material  also  had 
been  exposed  for  a  long  time  and  showed  characteristic  shrinkage. 
The  sample  contained  fine  cracks  and  small  cavities. 

Two  months  elapsed  before  time  was  available  for  determining 
the  volume-weight  relations  of  these  samples.  On  opening  the  cans 
containing  samples  nos.  1,  2,  and  3,  which  consisted  of  liquid  mud 
dipped  from  the  bottom  of  the  reservoir,  it  was  found  that  some 
settlement  had  taken  place,  as  evidenced  by  free  water  on  the  sur- 
face of  the  mud.  This  is  thought  to  be  due  to  the  liberation  of 
water  held  in  the  mud  by  virtue  of  its  structure,  along  the  inner 
surface  of  the  cans  at  a  greater  rate  than  it  would  be  liberated  from 
natural  deposits  under  several  feet  of  water.  The  free  water  was 
siphoned  off  and  the  remaining  mud  w^as  used  in  determining  the 
volume-weight  ratio.  By  this  procedure,  the  weights  obtained  for 
these  particular  samples  are  higher  than  those  existing  in  the  undis- 
turbed deposits  of  the  same  age. 

A  sample  taken  October  7,  1925,  at  mile  7,  from  under  50  feet  of 
water,  originally  weighed  80.75  pounds  per  cubic  foot  and  the 
weight  of  the  dry  material  per  cubic  foot  of  deposit  was  30.7^ 
pounds.  Another  sample  taken  April  29,  1926,  from  under  53  feet 
of  water  in  the  same  section,  originally  weighed  81.51  pounds  per 
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cubic  foot  and  the  dry  material  per  cubic  foot  of  deposit  weighed 
29.86  pounds.  The  original  determinations  of  the  weights  of  these 
samples  were  made  soon  after  the  samples  were  taken  and  before 
free  water  appeared  at  the  surface. 

A  summary  of  the  results  of  the  volume- weight  determinations  is 
given  in  table  14.  It  will  be  observed  that  the  dry  weight  per  cubic 
foot  of  deposit  varies  from  36.1  to  106.1  pounds. 

Table  14, — Original  weight,  percentage  of  dry  silt  bp  weight,  and  weight  of  dry 
material  per  cubic  foot  of  deposit  of  samples  taken  from  Medina  Reservoir 
during  May  1929 


Original 
weight 
per 
cubic 
foot  of 
deposit 

Weight  of  dry  silt 

Sample  no. 

Percent- 
age of 
original 
weight 

Per  cubic 
foot  of 
deposit 

1 

Pounds 
80.553 
88. 936 
88.  262 
138.  749 
92.  601 
117.  569 
105.  203 
108.  676 

Percent 
44. 817 
50. 632 
52.  629 
76.  500 
53. 175 
77. 947 
69.  322 
68. 493 

Pounds 
36  101 

2  

45.  030 

3                        .-     -.        . 

46. 451 

4  

106. 143 

5     L 

49.240 

6 

91.  641 

7.. 

72. 928 

8       

74.  435 

SILT  IN  LAKE  WORTH 

Lake  Worth  is  formed  by  an  earthen  dam  with  a  concrete  spillway 
section  across  the  West  Fork  of  Trinity  River  about  5  miles  north- 
west of  Fort  Worth.  No  topographic  surveys  from  which  the  origi- 
nal capacity  could  have  been  determined  were  made  prior  to  the 
filling  of  the  reservoir.  Estimates  made  since  the  storage  of  water 
range  from  42,000  (7)  to  47,177  (19)  acre-feet. 

The  drainage  area  includes  1,870  square  miles  (5),  the  most  of 
which  is  classified  as  rolling.  Approximately  one  third  of  the  area 
is  cultivated  farm  land  and  the  other  two  thirds,  timber  and  grass- 
land.    The  watershed  receives  an  annual  rainfall  of  32  or  33  inches 

In  April  1925,  owing  to  the  regular  water  demand  of  the  city  of 
Fort  Worth  and  the  lack  of  precipitation  on  the  drainage  area,  the 
water  surface  was  drawn  down  to  an  elevation  4.5  feet  below  spillway 
crest.  This  was  reported  to  have  been  the  lowest  stage  since  the 
reservoir  was  first  filled,  11  years  before.  The  receding  water  sur- 
face left  large  areas  of  silt  exposed  and  afforded  an  opportunity  to 
examine  the  silt  deposited  under  reservoir  conditions. 

The  sketch  map  of  Lake  Worth  (fig.  11)  shows  the  original  flow 
line  at  the  elevation  of  spillway  crest,  highway  bridges,  and  other 
features,  for  the  purpose  of  illustrating  locations  of  observations. 

At  the  time  of  the  survey  water  was  in  the  old  channel  below  Ten 
Mile  Bridge.  A  narrow  arm  of  shallow  backwater  extended  along 
the  south  side  of  Todd  Island  for  a  distance  equal  to  three  fourths 
its  length.  Water  between  the  lower  end  of  Todd  Island  and  Eagle 
Club  was  confined  to  the  old  channel,  except  in  two  large  coves  on 
the  north  side.     Greer  Island  was  completely  surrounded  by  water 


THE  SILT  LOAD  OP  TEXAS  STREAMS 


31 


Q. 


Eagle  Club    oj 


jFund   Spring 


but  the  water  was  so  shallow  that  it  was  with  difficulty  that  a  trip 
with  a  small  boat  of  slight  draft  was  made  around  the  island.  Below 
Greer  Island  the  channel  was  submerged  by  water. 

A  1%-inch  octagon  wooden  .od  marked  in  feet  and  tenths  of  a 
foot  was  used  to  measure  depths  of  exposed  silt  deposits  which  were 
sufficiently  solidified  at  the  surface  to  support  the  weight  of  a  man. 
This  rod  could  be  pushed  through  the  silt  to  the  original  ground 
surface  with  little  effort.  On  the  soft  areas  it  was  necessary  to  esti- 
mate the  silt  depths  by  observing  the  exposed  parts  of  fence  posts  in 
the  silted  areas.  At  the  edge  of  the  reservoir,  where  no  silt  had  been 
deposited,  the  tops  of  posts  averaged  5  feet  above  the  ground  sur- 
face,   while    in    the 

deposits     only     a     few  ^  ,\N,st  Fork  T^fy  River 

inches  were  exposed 
or  they  were  entirely 
covered. 

The  silt  deposit  at 
Todd  Island  ranged 
in  depths  from  0  at 
the  edge  to  a  maxi- 
mum of  5  feet  which 
was  probably  in  the 
channel  of  the  small 
creek  coming  in  from 
the  northwest.  Meas- 
ured mud  depths  be- 
tween this  island  and 
Eagle  Club  ranged 
from  1  foot  to  5  feet, 
the  average  of  15 
soundings  being  3.4 
feet.  Depths  of  mud 
around  Greer  Island 
ranged  from  3  to  5.8 
feet,  the  average  of 
16  soundings  being 
4.4  feet. 

From  Fund  Spring  down  to  the  dam  soundings  were  made  in  20 
sections  from  a  boat.  The  silt  depths  varied  from  zero  to  5  feet. 
Soundings  in  the  old  river  channel  showed  the  deposit  to  range 
from  3.9  to  5  feet  in  depth. 

The  volume  of  silt  as  estimated  from  these  soundings  was  10,890 
acre-feet,  or  an  average  annual  accumulation  of  1,000  acre-feet  over 
a  period  slightly  less  than  11  years.  Three  years  later,  in  1928, 
T.  U.  Taylor  made  a  silt  survey  of  the  lake  at  a  stage  which  per- 
mitted sounding  from  a  boat  over  the  greater  part  of  the  area.  He 
found  the  accumulation  of  silt  to  be  13,837  acre-feet  {19). 

The  silt  deposit  one  third  mile  south  of  the  Eagle  Club  house 
on  the  west  side  of  the  river  channel  was  4.8  feet  in  depth  and  was 
so  soft  in  places  that  it  would  not  bear  a  man's  weight. 

Two  narrow  sections  (fig.  11),  one  between  Todd  and  Greer 
Islands  and  the  other  in  the  vicinity  of  the  Nine  Mile  Bridge,  prac- 
tically divide  the  reservoir  into  three  distinct  basins.    These  act  as 
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Figure  11. — Lake  Worth,  West  Fork  of  Trinity  River. 
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retarding  basins  {19)^  offering  protection  to  the  dam  in  case  of 
floods  which  might  otherwise  overtax  the  spillway  capacity.  They 
are  also  effective  as  settling  basins.  Observations  made  during  the 
silt  survey  of  1925  indicated  that  100  percent  silting  had  taken 
place  in  parts  of  the  upper  basin  above  Todd  Island  and  was  being 
approached  in  parts  of  the  middle  basin  back  of  Greer  Island. 
Small  floods  drop  practically  all  of  the  suspended  material  in  the 
upper  basin,  increased  inflow  carries  part  of  its  suspended  load 
into  the  middle  basin,  and  larger  floods  do  not  drop  all  of  the  sus- 
pended matter  until  the  lower  basin  is  reached. 

'  RESERVOIR  EFFECTIVE  AS  SILT  TRAP 

For  the  purpose  of  determining  the  relative  portion  of  the  sus- 
pended silt  load  deposited  in  the  reservoir,  samples  of  the  inflow 
at  Ten  Mile  Bridge  and  of  the  outflow  over  the  crest  of  the  spillway 
were  taken  during  a  period  of  several  months  whenever  the  inflow 
was  of  sufficient  volume  and  turbidity  to  warrant  the  study.  The 
results  for  June  and  July  1928  include  maximum  silt  load  for  the 
inflow  and  are  offered  in  table  15  as  the  best  illustration  of  the 
relationship  found. 


Table  15. — Percentage  of  silt  'by  weight  in  samples  of  water  taken  at  Ten  Mile 
Bridge  and  on  the  crest  of  the  spillway  of  Lake  Worth  during  June  and 
July  1928 


Silt  by  weight 

Date 

Silt  by  weight 

Date 

At  Ten 

Mile 

Bridge 

Over 

spillway 

crest 

Dis- 
charge m 

At  Ten 

Mile 

Bridge 

Over 

spillway 

crest 

Dis- 
charge 1  (6) 

June  1 

Percent 
0.006 

Percent 

Second-feet 

38 

78 

256 

513 

972 

1,390 

1,720 

1,650 

1,110 

999 

972 

664 

972 

1,170 

1,520 

1,950 

2,330 

2,960 

3,100 

2,360 

999 

456 

287 

214 

144 

612 

1,260 

1,360 

1,420 

1,780 

July  1 

July  2. 

Percent 
0.119 
.131 
.117 
.119 
.065 
.022 
.026 

Percent 
0.009 
.006 
.014 
.011 
.011 
.005 
.008 
.002 
.001 
.008 
.011 
.006 
.005 
.003 
.000 
.004 
.008 
.013 
.004 

Second-feet 
2,190 
2,860 
3,140 
2,440 
982 

June  3 

July  3 

June  4 

July  4    .  .      - 

July  5 

June  6 

0.018 

July  6 

399 

June  7 

July  7-  -  . 

202 

June  8  _ 

.204 
.251 
1.310 

July  8 

156 

June  9 

.004 

July  9 

110 

June  10 .  ... 

July  10.. 

. 

78 

June  11 

.010 
.013 
.012 
.012 
.006 
.021 
.005 
.020 
.013 
.016 

July  11 

.275 
.272 
.158 

86 

June  12 

July  12 

256 

June  13  _ 

.305 
.370 
.344 
.240 
.194 
.128 
.137 
.151 
.086 
.040 
.012 

July  13 

437 

June  14 

July  14 

318 

June  15 

July  15  .  . 

.058 
.024 
.002 

214 

June  16 

July  16 

133 

June  17 

July  17. 

94 

June  18 

July  18  -  .      - 

70 

June  19  -     . 

July  19 

38 

June  20 

July  20 

22 

June  21 

July  21 

.000 
.004 
.008 
.000 
.000 
.008 
.005 
.010 
.007 
.000 
.003 

14 

June  22 

.012 
.000 
.008 
.006 
.005 
.008 
.007 
.006 
.011 

July  22 

12 

June  23 

July  23 

22 

June  24... 

July  24 

54 

June  25 

July  25 

202 

June  26 

July  26 

.055 
.596 

418 

June  27-- 

.297 
.508 
.457 
.285 

July  27 

664 

June  28 

July  28-. 

1,140 

June  29 

July  29 

.265 
.162 
.178 

1,620 

June  30 

July  30 

11880 

July  31 

2,020 

Discharge  for  period,  114,300  acre-feet. 
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Records  of  the  flow  at  Ten  Mile  Bridge  are  not  available,  but 
records  of  the  discharge  over  the  spillway  for  June  and  July  1928 
show  that  the  total  discharge  during  those  2  months  was  114,300  acre- 
feet  {6),  which  is  3.4  times  the  capacity  of  the  reservoir  in  July  of 
the  same  year,  as  determined  by  Taylor  (W). 

There  are  no  data  from  which  the  time  interval  for  flow  between 
Ten  Mile  Bridge  and  the  dam  can  be  estinmted  with  accuracy  but 
a  comparison  of  the  percentages  of  silt  by  weight  at  the  two  sections 
indicates  that  the  reservoir  is  very  effective  as  a  silt  trap.  Assuming: 
that  the  water  entering  the  reservoir  June  10,  with  a  silt  charge  of: 
1.31  percent  by  weight,  passed  the  spillway  June  16,  with  a  load 
of  0.021  percent  by  weight,  the  portion  of  the  load  which  was  ili  pos- 
ited within  the  storage  basin  was  98.4  percent  of  the  silt  which  en- 
tered the  reservoir  in  suspension.  It  is  probable  that  the  silt  which 
passed  the  spilhvay  June  16  was  of  local  origin  from  side  drainage 
immediately  above  the  dam,  in  which  case  the  effectiveness  of  the 
reservoir  as  a  silt  trap  was  in  excess  of  98.4  percent. 

CHARACTER  OF  SILT  IN  LAKE  WORTH 

On  April  26,  1929,  samples  of  deposited  silt  were  taken  at  eleva- 
tions above  the  spillway  crest,  from  the  bottom  of  Lake  Worth  in 
various  sections  throughout  its  length,  and  from  the  river  channel 
near  Ten  Mile  Bridge,  for  the  purpose  of  determining  the  character, 
the  volume-weight  relation,  and  the  variation  in  mechanical  com- 
position of  the  deposit  from  the  dam  to  backwater. 

The  samples  were  taken  in  deep  water  from  a  boat.  A  coffee  can 
fastened  to  a  15-pound  w^indow  weight,  lowered  and  raised  by  means 
of  a  small  rope,  w^as  used  to  take  the  samples.  The  silt  was  so  soft 
that  the  weight  carried  the  can  to  the  bottom  of  the  deposit,  allowing 
a  full-can  sample  to  be  taken. 

Reference  to  figure  11  will  aid  in  locating  the  points  at  which 
samples  were  taken.  Sample  no.  1  was  taken  in  the  middle  of 
the  reservoir  about  one  fourth  mile  above  the  dam,  in  what  w^as 
thought  to  be  the  old  channel  of  the  river,  from  under  water  between 
30  and  40  feet  in  depth.  This  sample  contained  18.7  pounds  of  dry 
material  per  cubic  foot  of  deposit.  On  the  basis  of  2.65  for  the 
specific  gravity  of  the  dry  material,  water  occupied  88.59  percent 
of  the  space  and  the  absolute  voids  were  88.66  percent,  which  indi- 
cates that  the  material  was  colloidal  in  character  and  of  flocculent 
structure. 

Sample  no.  2  was  taken  from  the  reservoir  bottom,  in  the  old 
river  channel  about  1  mile  south  of  the  Mosque.  The  sample  con- 
tained 21.7  pounds  of  dry  material  per  cubic  foot  of  deposit.  As- 
suming the  specific  gravity  of  the  dry  material  to  be  2.65,  water 
occupied  86.30  percent  of  the  space  and*  the  absolute  voids  were  86.87 
percent  which  indicates  that  the  material  had  colloidal  characteris- 
tics and  a  structure  combining  honeycomb  and  flocculent  charac- 
teristics. 

Sample  no.  3  was  taken  from  the  bottom  of  the  reservoir,  in  the 
old  river  channel,  100  feet  above  Nine  Mile  Bridge  and  about  4% 
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miles  above  the  dam.  This  sample  contained  22.6  pounds  of  dry 
material  per  cubic  foot  of  deposit.  Assuming  the  specific  gravity 
of  the  dry  material  to  be  2.65,  water  occupied  84.48  percent  of  the 
space  and  the  absolute  voids  were  86.31  percent,  which  indicates  that 
the  material  had  colloidal  characteristics  and  a  structure  combining 
honeycomb  and  flocculent  characteristics.  The  difference  in  the 
space  occupied  by  water  and  the  absolute  voids  was  due  to  gas  in 
the  soft  mud. 

Sample  no.  4  was  taken  in  6  feet  of  water,  500  feet  north  of  Greer 
Island  and  approximately  6  miles  above  the  dam.  It  contained 
29.4  pounds  of  dry  material  per  cubic  foot  of  deposit.  Assuming 
the  specific  gravity  of  the  dry  material  to  be  2.65,  water  occupied 
79.82  percent  of  the  space  and  the  absolute  voids  were  82.16  percent, 
which  indicates  a  slightly  colloidal  characteristic  and  a  honeycomb 
structure. 

These  samples  felt  creamy  and  not  the  slightest  indication  of  grit 
could  be  detected  with  the  fingers.  A  thin  layer  at  the  surface  of 
the  deposit  had  a  very  dark,  almost  black,  color,  which  was  assumed 
to  be  due  to  coloring  by  decaying  vegetable  matter.  This  material 
at  the  surface  of  the  deposit  was  slightly  condensed  and  had  the 
consistency  and  "  feel  "  of  freshly  clotted  cream,  but  the  material 
under  the  surface  skin  showed  no  signs  of  compacting. 

Samples  nos.  5,  6,  and  7  were  taken  from  a  deposit  under  8  inches 
of  water  in  the  first  narrow  section  below  Todd  Island  and  about 
8  miles  above  the  dam.  This  deposit  had  been  exposed  to  the  atmos- 
phere during  lower  stages  of  the  water  surface  and  shrinkage,  re- 
sulting in  cracking  of  the  surface  to  depths  of  12  or  more  inches 
had  taken  place.  Later,  floods  had  again  raised  the  water  level  and 
submerged  the  deposit,  and  fresh  silt  had  filled  the  cracks  and  formed 
a  layer  from  1  to  2  inches  in  thickness  over  the  old  dried  surface. 
The  difference  between  the  consistencies  of  the  old  and  new  deposits 
made  it  possible  for  the  hand  to  detect  the  contraction  cracks.  They 
were  about  2  inches  in  width  and  the  hand  could  be  inserted  to  a 
depth  of  12  inches,  the  indications  being  that  they  were  considerably 
deeper.  The  new  deposit  was  so  soft  that  it  was  almost  liquid  but 
the  old  deposit  was  plastic  and  showed  contraction  to  the  extent 
of  the  detected  cracks.  The  surface  of  the  old  deposit  was  fairly 
firm  and  tough  but  was  less  dense  as  the  depth  increased. 

Sample  no.  5  was  taken  by  forcing  a  coffee  can  into  the  deposit, 
digging  it  out  with  a  shovel  and  shearing  the  silt  off  at  the  plane 
of  the  top,  making  the  volume  of  the  same  equal  to  the  capacity 
of  the  container.  Water  was  permitted  to  escape  from  the  can  as 
it  was  being  forced  into  the  deposit,  through  a  small  nail  hole  in 
the  bottom.  This  sample  contained  45.3  pounds  of  dry  material 
per  cubic  foot  of  deposit.  Assuming  the  specific  gravity  of  the  dry 
material  to  be  2.65,  water  occupied  72.59  percent  of  the  space  and 
the  absolute  voids  were  72.59  percent,  showing  that  it  was  thoroughly 
saturated  and  contained  no  gas  pockets.  As  a  check,  sample  no.  6 
was  taken  at  the  same  location.  An  attempt  was  made  to  cut  a 
cube  of  the  silt  but  owing  to  irregular  seams,  this  could  not  be 
accomplished  and  an  irregular-shaped  piece  was  broken  out  of  a 
block  of  the  deposit  and  its  volume  determined  immediately,  in  a 
rather  rough  way,  by  the  displacement  of  water.     This  sample  indi- 
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cated  a  weight  of  47.2  pounds  of  dry  material  per  cubic  foot  of 
deposit  as  compared  with  45.3  for  sample  no.  5. 

Sample  no.  7  was  taken  at  the  same  location  with  the  object  of 
comparing  the  weight  of  the  surface  layer  of  the  old  deposit  with 
the  weight  of  the  material  taken  from  a  few  inches  undor  the  surface, 
indicated  by  sample  no.  5.  A  lid  of  a  coffee  can  was  forced  into 
the  deposit  and  a  sample  of  the  surface  about  one  half  inch  thick 
obtained.  This  sample  contained  53.9  pounds  of  dry  material  per 
cubic  foot  of  deposit,  which  indicates  a  considerably  greater  density 
at  the  surface  of  the  deposit  than  a  few  inches  deeper. 

Sample  no.  8  was  taken  from  the  main  channel  of  the  river  at  Ten 
Mile  Bridge,  which  is  about  9I/2  miles  above  the  dam.  There  was 
little  or  no  velocity  at  this  point  and  the  sample,  which  contained 
33.4  pounds  of  dry  material  per  cubic  foot  of  deposit,  was  made  up 
almost  entirely  of  fine  silt  similar  to  that  in  the  main  reservoir, 
though  an  occasional  trace  of  grit  could  be  detected  with  the  fingers. 
Assuming  the  specific  gravity  of  dry  material  to  be  2.65,  water 
occupied  70.95  percent  of  the  space  and  the  absolute  voids  were  79.75 
percent,  which  indicates  the  presence  of  gas  or  air. 

Sample  no.  9  was  taken  about  250  feet  below  Ten  Mile  Bridge,  on 
the  left  bank  of  the  main  channel.  The  bank  had  been  built  up  with 
silt  deposited  during  overflow  and  sloped  away  from  the  channel  to 
a  low,  swampy  area  150  feet  from  the  stream.  Through  this  ridge 
a  small  drainage  ditch,  about  3  feet  deep  and  18  inches  wide,  had 
been  dug.  The  side  of  the  ditch  was  cleaned  off  and  a  can  forced 
laterally  into  the  material  at  an  elevation  estimated  to  be  3  or  4  feet 
above  spillway  crest.  When  the  can  had  been  forced  in  flush  with 
the  face  of  the  excavation  it  was  dug  out,  and  the  excess  material  at 
the  top  was  shaved  off  level  with  the  top  of  the  can.  To  the  feel,  this 
material  appeared  to  consist  of  fine  sand.  It  contained  99.2  pounds 
of  dry  material  per  cubic  foot  of  deposit.  On  the  basis  of  2.65  for 
the  specific  gravity  of  the  dry  material,  water  occupied  31.71  percent 
of  the  space  and  the  absolute  voids  were  39.93  percent,  which  indi- 
cated air  space. 

It  was  desirable  to  procure  a  sample  of  the  sand,  which  might  be 
carried  into  the  reservoir  during  high  floods,  from  the  bed  of  the 
stream;  but  at  low  stages  the  velocity  is  so  slight  that  the  bed  is 
covered  by  very  fine  silt  like  that  illustrated  by  sample  no.  8.  As  an 
extreme  example  of  the  coarse  bed  material  immediately  above  the 
reservoir,  a  sand  bar  in  the  bed  of  Walnut  Creek  (a  tributary  of  the 
West  Fork  of  Trinity  River)  3  miles  above  Ten  Mile  Bridge,  was 
selected.  Sample  no.  10  was  taken  by  forcing  a  can  into  the  side  of 
this  bar  about  2  feet  below  the  surface  and  about  1  foot  above  the 
water  surface  in  the  creek.  This  sample  contained  93.5  pounds  of 
dry  material  per  cubic  foot  of  deposit.  The  specific  gravity  of  this 
material  in  a  dry  state  was  found  to  be  2.658.  Water  occupied  32.83 
percent  of  the  space  and  the  absolute  voids  were  43.53  percent,  indi- 
cating the  presence  of  air. 

Table  16  is  a  summary  of  the  results  of  the  volume-weight  deter- 
minations. The  specific  gravities  of  samples  nos.  3  and  10  were 
2.639  and  2.658,  respectively — values  within  the  normal  range  of 
those  found  in  other  tests  of  silt.  The  proportion  of  vegetable 
matter  in  sample  no.  3  was  found  by  ignition  to  be  4.7  percent 
by  weight. 
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Table  16. — Results  of  i>olume-weiffTit  determinations  of  samples  of  silt  deposits 
from  Lake  Worth  near  Fort  Worth,  taken  April  26,  1929 


Sample  no. 

Original 

weight  of 

deposit 

per  cubic 

foot 

Dry  silt  by 
weight 

Weight  of 
dry  silt 

per  cubic 
foot  of 
deposit 

Sample  no. 

Original 

weight  of 

deposit 

per  cubic 

foot 

Dry  silt  by 
weight 

Weight  of 
dry  silt 

per  cubic 
foot  of 
deposit 

1 

Pounds 
73.882 
75. 413 
75.202 
79. 143 
90.  567 

Percent 
25.  327 
28.732 
30.042 
37.  191 
50.066 

Pounds 
18. 712 

21.  667 

22.  592 
29.  434 
45.  343 

6 

Pounds 
93. 144 
94. 357 
77.  625 
118.911 
114.315 

Percent 
50.671 
57. 160 
43.  062 
83.  386 
81.828 

Pounds 
47  195 

2 

7 

8 

53  934 

3 

33. 426 

4 

9 

99  155 

5 

10 

93  541 

Portions  of  samples  nos.  1,  2,  3,  4,  5,  9,  and  10,  representing  the 
several  locations  from  which  samples  were  taken,  were  tested  with 
sieves  to  determine  the  mechanical  composition.  The  results  of  the 
sieve  analyses  are  given  in  table  IT. 


-TABLE  17. 


-Mechanical  analysis  of  sam^ples  of  s^ilt  from,  Lake  Worth  near  Fort 
Worth,  taken  Apr.  26,  1929 


Proportion  of  silt  by  weight  passing 

and  retained  on  sieves  with  specified 

Sample 

number  of  meshes  per  inch 

no. 

Passing 

Passing 

Passing 

Passing 

Passing 

Passing 

Retained 

10,  re- 

20, re- 

35, re- 

65, re- 

100, re- 

200, re- 

Passing 

on  10 

tained 

tained 

tained 

tained 

tained 

tained 

300 

on  20 

on  35 

on  65 

on  100 

on  200 

on  300 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 

0 

0 

0 

0 

0 

0 

(0 

100.00 

2 

0 

0 

0 

0 

0 

0 

(') 

100.00 

3 

0 

0 

0 

0 

0 

0 

(') 

100.00 

4 

0 

0 

0 

0 

0 

0 

(0 

100.00 

5 

0 

0 

0 

0 

0 

0 

(0 

100.00 

9 

0 

0 

0 

.66 

10.91 

71.21 

6.98 

10.23 

10 

0 

3.78 

14.92 

65.70 

12.42 

2.83 

.17 

.18 

1  Sample  was  tested  first  with  the  300  sieve.    With  the  exception  of  a  trace  of  organic  matter,  the  entire 
sample  passed  the  sieve. 


To  get  additional  information  as  to  whether  the  bulk  of  the  silt 
load  is  carried  in  suspension  to  the  dams  of  large  reservoirs  or 
whether  it  settles  soon  after  entering  the  slack  w^ater  and,  in  the 
form  of  soft  mud,  flows  along  the  slope  of  the  reservoir  bottom  until 
blocked  by  the  dam,  additional  tests  were  made  to  determine  the 
rate  of  settling  of  the  material  taken  from  Lake  Worth.  Portions 
of  the  samples  from  different  locations  were  placed  in  glass  tubes 
three  fourths  of  an  inch  in  diameter  and  40  inches  in  length.  Since 
Lake  Worth  water  w^as  not  available  for  these  tests,  water  from 
a-outine  daily  samples  of  Brazos  River  stations,  believed  to  contain 
the  same  kind  of  salt  as  Lake  Worth  water  as  they  are  from  similar 
and  adjacent  w^atersheds,  was  added  and,  after  the  contents  had 
been  thoroughly  agitated,  the  tubes  were  placed  in  a  rack  and  the 
rate  of  settlement  w^as  observed.  Readings  were  made  at  intervals 
ranging  from  5  minutes  to  48  hours.  In  each  instance,  the  w^ater 
column  above  the  column  of  silt  w^as  clear  within  1  hour. 
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The  rates  of  shrinkage  or  settling  of  the  columns  of  silt  after 
the  first  hour  are  given  in  table  18. 

Tablb  18. — Shrinkage  of  silt  columns  throughout  l-day  period 


Period 

Shrinkage  as  percentage  of  7-day  total  for  sample  no. 

- 

1 

2 

3 

4 

6 

8 

9 

10 

1  hour 

8.2 
56.9 
73.9 
80.6 
85.6 
93.6 
99.1 
100.0 

19.6 
47.3 
71.3 
78.0 
84.6 
94.1 
99.2 
100.0 

17.6 
50.2 
75.1 
82.2 
87.9 
95.1 
99.1 
100.0 

34.8 
66.3 
78.9 
84.9 
90.5 
96.9 
99.4 
100.0 

23.4 

41.7 
74.7 
83.3 
89.8 
96.6 
99.4 
100.0 

20.2 
41.9 
66.8 
81.7 
89.1 
96.1 
99.5 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

99.6 

2  hours 

99.6 

4  hours 

100.0 

10  hours 

100.0 

1  day 

100.0 

3  days 

100.0 

5  days 

100.0 

7 days...     .                             .  .  .. 

100.0 

It  was  not  possible  to  cover  minutely  the  entire  area  near  the  head 
of  the  reservoir,  but  the  inspection  was  sufficient  to  indicate  that 
comparatively  little  coarse  material  had  been  deposited  in  the  reser- 
voir proper  and  that  such  coarse  material  as  has  been  transported 
down  the  river  has  been  deposited  in  the  delta  within  a  mile  of  the 
head  of  the  lake.  Even  in  this  area  the  greater  part  of  the  deposit 
seemed  to  be  fine  material  deposited  from  water  which  at  high  stages 
backed  into  sloughs  or  flowed  slowly  through  old  channels.  Con- 
sidering the  entire  reservoir,  the  inspection  at  the  head  and  the 
results  of  the  mechanical  analyses  of  the  samples  from  various  loca- 
tions lead  to  the  conclusion  that  by  far  the  greater  part  of  the 
present  deposit  is  made  up  of  very  fine  silt,  and  that  coarse  material 
in  the  deposit  occurs  only  in  limited  areas  near  the  head  of  the 
reservoir.  There  was  no  material  of  sufficient  size  or  weight  in  the 
delta  area  to  suggest  that  it  had  been  rolled  along  the  bed  of  the 
stream,  but  all  material  observed  was  such  that  ordinary  river 
velocities  would  carry  it  in  suspension. 

The  rapid  clearing  of  the  water  above  the  silt  columns  in  the 
tubes  when  tests  were  made  to  determine  the  rate  of  settling  indi- 
cates that  little  silt  is  carried  in  suspension  to  such  distant  points 
in  the  reservoir  as  those  at  which  samples  nos.  1  and  2  were  taken, 
and  it  is  believed  that  the  bulk  of  the  deposit  in  the  lower  end  of 
the  reservoir  reached  its  location  by  flowing  along  the  bottom  in  the 
form  of  liquid  mud.  As  stated,  JBrazos  River  water  was  used  in 
preparing  the  tube  samples  for  rate  of  settlement  tests.  It  is  possi- 
ble, but  not  probable,  that  it  differed  enough  from  Trinity  River 
water  in  chemicals  in  solution  to  affect  the  rate  of  settlement.  The 
possibility  is  not  borne  out  by  observations  of  samples  of  muddy 
water  taken  at  Ten  Mile  Bridge  in  which  the  rate  of  settlement  was 
found  to  be  comparable  to  that  of  the  samples  with  which  Brazos 
River  water  was  used. 

LAKE  KEMP 

Lake  Kemp,  located  about  10  miles  north  of  Seymour,  is  formed 
by  a  hydraulic-fill  dam  100  feet  high,  closing  a  portion  of  the  wide, 
eroded  valley  of  Big  Wichita  River.  The  dam  was  completed  late 
in  1923  and  storage  of  water  was  practically  started  at  the  time  of 
completion,  although  sufficient  water  had  been  held  to  float  the 
dredge  during  the  construction  period. 
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The  drainage  area  of  1,990  square  miles  ^  is  mostly  grazing  land 
covered  with  a  sparse  growth  of  mesquite  and  native  grass.  The 
steeper  slopes  show  considerable  erosion. 

No  topographic  surveys  of  the  reservoir  site  were  made.  Esti- 
mates of  the  capacity  range  from  550,000  to  640,000  acre-feet.  A 
traverse  around  the  storage  basin  on  contour  elevation  1,152  feet, 
or  2  feet  above  the  spillway  crest,  includes  22,827  acres.  Within  the 
traverse,  high  land  of  unknown  area  rises  above  elevation  1,152  feet 
forming  islands  at  high  stages  of  storage.  In  November  1924  the 
water  surface  had  been  drawn  down  between  3  and  4  feet  below  the 
maximum  stage  that  had  been  reached.  In  a  depression  near  the 
upper  end  of  the  reservoir,  an  exposed  silt  deposit,  1.5  feet  thick 
in  the  lowest  part  of  the  invert  and  feathering  out  to  nothing  toward 
the  top  of  the  sloping  bank,  was  examined.  The  deposit  was  broken 
by  shrinkage  cracks  up  to  2  inches  wide  into  blocks  from  8  to  12 
inches  square.  A  sample  cut  from  one  of  these  blocks  originally 
weighed  120.14  pounds  per  cubic  foot  and  had  a  dry  weight  per 
cubic  foot  of  deposit  of  88.77  pounds. 

Measurements  of  silt  depths  were  made  in  several  sections  between 
extreme  backwater  and  the  dam  during  November  1925,  while  the 
water  surface  in  the  lake  stood  at  elevation  1,138  feet,  12  feet  lower 
than  the  spillway  crest.  In  all  of  the  sections,  zero  silt  depths  were 
found  on  the  tops  of  hummocks  under  different  depths  of  water.  In 
the  river  channel  from  the  upper  end  of  the  lake  toward  the  dam, 
the  silt  depths  were  4.0,  3.2,  2.5,  and  6.4  feet  in  different  sections. 
A  depth  of  11.3  feet  was  found  immediately  above  the  dam  in  a 
borrow  pit  which  had  been  excavated  below  the  level  of  the  river 
channel  bottom.  Apparently,  the  silt  settled  soon  after  entering 
the  slack  water  of  the  lake  and  in  the  form  of  liquid  mud  flowed 
from  higher  to  lower  elevations  on  the  reservoir  bottom,  finally  reach- 
ing the  borrow  pit  at  the  dam  where  the  maximum  depth  of  the 
deposit  was  found. 

The  average  surface  slope  of  the  soft  silt  deposit  in  the  river  chan- 
nel was  1.34  feet  per  mile  over  a  distance  of  4.33  miles  above  the 
dam.  This  slope,  forming  an  angle  with  the  horizontal  of  less  than 
1',  indicates  an  angle  of  repose  for  such  material  approaching  0°. 

Due  to  inability  to  sound  sections  in  the  upper  third  of  the  reser- 
voir at  a  reasonable  cost  (owing  to  the  fact  that  thick  brush  had 
been  left  standing  there  and  to  lack  of  knowledge  of  the  original 
topography  of  the  reservoir  bottom)  no  estimate  of  the  volume  of 
silt  was  attempted. 

A  sample  of  the  silt  dipped  from  the  bottom  about  300  feet  above 
the  dam,  November  21,  1925,  weighed  84.88  pounds  per  cubic  foot 
in  its  original  condition  and  the  dry  weight  per  cubic  foot  of  deposit 
was  37.05  pounds.  Three  determinations  of  the  specific  gravity 
of  this  silt  in  a  dry  state  gave  2.687,  2.633,  and  2.656,  the  average 
being  2.6586.  Based  on  the  average  of  these  three  determinations, 
the  space  occupied  by  water  was  76  J6  percent  and  the  absolute  voids 
amounted  to  77.63  percent. 

A  sample,  from  the  same  location  taken  November  13,  1930, 
weighed  84.38  pounds  per  cubic  foot  in  its  orignal  condition  and 


Measured  on  U.S.  Geological  Survey  map  of  Texas ;  scale  1  to  500,000. 
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the  dry  material  weighed  35.94  pounds  per  cubic  foot  of  deposit. 
Based  on  a  specific  gravity  of  2.6586  for  the  dry  material,  the  space 
occupied  by  water  was  77.74  percent  and  the  absolute  voids  were 
78.30  percent. 

Water  is  discharged  from  the  reservoir  througli  a  battery  of  con- 
crete pipes  with  inverts  at  or  below  the  elevation  of  the  bed  of 
the  river.  The  control  gates  are  located  about  midway  of  the  length 
of  the  conduits,  allowing  the  upstream  half  of  the  pipes  to  be  exposed 
to  the  pressure  at  all  times.  The  liquid  mud  flows  into  the  pipes 
until  blocked  by  the  gates.  On  opening  the  gates,  the  first  rush  of 
water  carries  a  heavy  load  of  silt  and  after  discharging  all  mud 
within  easy  reach  of  the  conduits,  the  discharge  becomes  clear. 
Water  discharged  from  the  reservoir  flows  down  the  river  channel 
several  miles  and  then  is  diverted  into  canals  of  the  irrigation  system. 

The  general  arrangement  is  ideal  for  the  removal  of  deposited 
material  as  the  greater  part  of  the  silt  is  deposited  on  the  wide,  flat 
areas  within  the  reservoir  site,  which  usually  are  lower  than  the 
old  channel  banks.  If  drainage  channels  were  constructed  from  these 
flats  into  the  old  river  channel  and  all  the  vegetation  and  other 
obstructions  were  cleared  from  the  reservoir  bottom,  a  large  volume 
of  the  deposited  silt  would  flow  into  the  main  channel  and  finally 
reach  the  conduits  where  it  would  be  discharged  with  the  irrigation 
water. 

SILT  IN  THE  OLD  RESERVOIR  AT  CISCO 

The  first  reservoir  constructed  by  the  city  of  Cisco  is  located  on 
a  small  creek  1  mile  northwest  of  the  business  district.  The  original 
earthen  dam  was  completed  in  1889.  Due  to  leakage  through  a 
lignite  vein  near  the  east  end  of  this  dam,  a  second  dam  was  con- 
structed of  earth  450  feet  upstream  in  1902.  In  1910  the  second  dam 
failed  and  the  break  was  allowed  to  remain  open  until  1916  when 
the  dam  was  rebuilt.* 

The  drainage  area  consists  of  soil  well  mixed  with  gravel  and  sand 
and  offers  considerable  resistance  to  erosion  and  weathering.  About 
60  percent  of  the  area  has  been  cultivated  but  part  of  the  cultivated 
area  has  reverted  to  pasture  or  grassland.  In  July  1927,  a  survey 
was  made  in  connection  with  this  reservoir  and  the  drainage  area  was 
estimated  to  be  0.69  square  mile,  the  original  capacity  55  acre-feet, 
and  the  silt  deposit  4.9  acre-feet. 

Assuming  that  none  of  the  silt  deposited  during  the  period  1889- 
1910  was  carried  from  the  reservoir  during  the  6  years  when  the 
break  remained  open  and  that  all  of  the  silt  brought  down  during 
the  6  years  passed  through  the  basin,  the  4.9  acre-feet  of  deposit 
would  be  the  accumulation  of  32  years,  with  a  yearly  rate  of  0.22 
acre-foot  per  square  mile  of  drainage  area. 

Owing  to  the  limited  drainage  area  and  the  comparatively  light 
rainfall,  this  reservoir  has  been  practically  dry  for  long  periods  dur- 
ing which  the  exposed  silt  deposit  was  subjected  to  enormous  shrink- 
age. At  the  time  of  the  survey  only  two  small  pools  of  water 
existed  and  the  exposed  silt  was  hard  and  dry.  It  was  estimated 
that  75  percent  of  the  deposited  material  weighed  approximately 

•Data  obtained  in  a  personal  interview  with  J.  M.  Williamson,  mayor  of  Cisco. 


40         TECHNICAL   BULLETIN    3  8  2,    U.S.    DEPT.    OF   AGRICULTURE 

85  pounds  per  cubic  foot  of  dry  silt,  and  the  dry  material  per  cubic 
foot  of  deposit  in  the  25  percent  submerged  by  water  weighed  42 
pounds,  giving  an  average  of  74  pounds  of  dry  material  per  cubic 
foot  of  deposit. 

Had  this  deposit  been  continually  submerged  by  water  shrinkage 
would  have  been  slight,  the  dry  material  per  cubic  foot  of  deposit 
would  have  approached  30  pounds,  and  the  silt  volume  would  have 
been  12.08  acre-feet  or  practically  0.55  acre-foot  per  square  mile  of 
drainage  area  per  year. 

THE  AUSTIN  RESERVOIR  ON  THE  COLORADO  RIVER  OF  TEXAS  AT 

AUSTIN 

The  Austin  Dam  across  the  Colorado  River  of  Texas,  about  3  miles 
upstream  from  the  business  section  of  Austin,  was  constructed  by  the 
city,  primarily  for  the  creation  of  head  to  operate  a  hydroelectric 


Figure  12. — Austin   reservoir,   Colorado  River  of  Texas. 

plant.  Run-off  records  were  not  available  at  the  time  of  construction 
but  from  measurements  made  during  March  1890  it  was  assumed  that 
the  minimum  flow  was  1,000  second-feet  (17). 

The  original  dam  (16) ,  completed  in  1893,  was  a  masonry  structure 
of  overflow  type  with  spillway  section  1,091  feet  in  length  between 
bulkheads.  The  spillway  crest  was  at  elevation  489  feet,  sea-level 
datum,  and  the  stream  bed  elevation  was  423  feet. 

Contour  line  400  crosses  the  river  channel  12  miles  downstream  and 
contour  500  crosses  it  21.5  miles  upstream  from  the  dam  (19) .  The 
77  feet  of  fall  in  21.5  miles  represent  an  average  fall  of  slightly  less 
than  3.6  feet  per  mile  through  the  storage  basin.  The  average  width 
of  the  basin  at  the  elevation  of  the  spillway  crest,  as  determined 
from  15  cross  sections,  over  a  distance  of  18.9  miles  above  the  dam,  is 
807  feet  (17).  The  maximum  and  minimum  widths  are  given  as 
1,300  and  460  feet,  respectively.  The  original  capacity  of  the  reser- 
voir at  the  elevation  of  the  spillway  crest  was  49,300  acre-feet  (19). 
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Figure  12  shows  the  limited  width  of  the  valley  in  which  the  reservoir 
is  located. 

The  drainage  area  above  the  dam  is  38,200  square  miles  (J),  a  part 
of  which  is  noncontributing.  Approximately  13  percent  of  the 
drainage  area  was  cultivated  in  1930,  the  remainder  being  pasture 
and  timber  land. 

The  annual  rainfall  varies  from  15  inches  at  the  headwaters  of  the 
drainage  basin  to  33  inches  at  Austin  (21).  The  average  for  the 
entire  area  above  Austin  is  about  21  inches. 

The  discharge  of  the  Colorado  Eiver  of  Texas  at  Austin  has  been 
carefully  measured  by  the  water  resources  branch  of  the  United 
States  Geological  Survey  from  February  15,  1898,  to  the  present 
time.  Table  19  is  a  tabulation  of  the  maximum  mean  daily  discharge 
in  second-feet  and  the  run-off  in  acre-feet  by  water  years  (October  1 
to  the  following  September  30,  inclusive),  covering  a  32-year  period. 
The  average  annual  discharge  for  this  period  is  1,827,000  acre-feet, 
equivalent  to  a  volume  of  more  than  37  times  the  original  capacity 
of  the  reservoir. 


Table  19. — Discharge  of  the  Colorado  River  of  Texas  at  Austin,  Oct.  1,  1898^ 

to  Sept.  30,  1930 


Discharge 

Water  year 

Discharge 

Water  year 

Maximum 
mean  daily 

Total  for 
year 

Maximum 
mean  daily 

Total  for 
year 

1898-99 

Second-feet 
91,800 

145,000 
28,700 
36,900 
33,700 
31,500 
62,900 
78,500 
28,100 

100,000 
29,700 
27,400 
27,400 
17,400 
40,300 

141,000 
84,000 

Acre-feet 
1, 380, 000 
4,050,000 
1,570,000 
1,310,000 
1,710,000 
1, 420, 000 
1,460,000 
2,040,000 

833,000 
2, 460, 000 
1,020,000 

905,000 
1,290,000 

636,000 
1,100,000 
5,450,000 
2,180,000 

1915-16 

Second-feet 
28,200 
9,750 
38,400 
64,700 
44,600 
50,200 
103,000 
47,500 
48,000 
27,100 
29.800 
26,600 
36,100 
96,400 
30,700 

Acre-feet 
874,000 

1899-1900 

1916-17 

427  000 

1900-1901 

1917-18             

627,000 

1901-2 

1918-19 

5, 030, 000 

1902-3 

1919-20 

3,500  000 

1903-4 

1920-21     

1, 030, 000 

1904-5 

1921-22 

3,500,000 

1905-6  .  . 

1922-23 

1, 590,  000 
2,370,000 
1,090  000 

1906-7 

1923-24 

1907-8 

1924-25 

1908-9 

1925-26  

2, 100, 000 

1909-10 

1926-27 

1, 340, 000 

1910-11 

1927-28 

1  620.000 

1911-12 

1928-29 

1,350,000 

1912-13 

1929-30 

1, 190, 000 

1913-14 

1914-16 

52,600 

1,827,000 

On  April  7,  1900,  a  section  of  the  dam  about  500  feet  in  length 
failed  by  sliding.  The  depth  of  water  on  the  crest  at  the  time  of 
the  failure  was  11.07  feet,  the  discharge  being  estimated  as  151,000 
second-feet  (5).  The  peak  discharge  at  the  gaging  station  3  miles 
downstream  was  estimated  as  236,000  second-feet. 

After  the  failure  of  the  original  dam  several  investigations  and 
reports  were  made  and  plans  for  reconstruction  were  prepared,  but 
it  was  not  until  September  1911  that  a  franchise  was  granted  for 
the  rehabilitation  of  the  dam  and  power  plant. 

The  plans  for  the  new  part  of  the  dam  called  for  a  concrete  sec- 
tion of  hollow  type  with  crest  at  elevation  480  feet,  or  9  feet  lower 
than  the  crest  of  the  old  dam.  They  also  included  gates  14  feet  in 
height  on  the  crest  of  the  concrete  section  and  5  feet  in  height  on 
the  crest  of  the  old  masonry  section  in  order  to  maintain  the  water 
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surface  at  elevation  494  feet.  The  work  under  these  plans  was  com- 
pleted early  in  1915,  and  stored  water  reached  the  crest  of  the  old 
structure  February  16,  1915,  for  the  first  time  since  the  failure  of 
the  original  dam  {12).  The  city  refused  acceptance  on  the  ground 
of  alleged  defects  and  the  dam  and  power  plant  have  never  been 
used. 

Soon  after  the  original  plant  was  placed  in  service  it  was  found 
that  the  actual  minimum  flow  of  the  river  at  Austin  fell  consider- 
ably short  of  the  estimated  minimum  of  1,000  second-feet,  the  basis 
upon  which  the  project  was  designed.  Measurements  made  in  1899 
showed  conclusively  that  the  minimum  was  less  than  200  second-feet 
{17).  The  actual  minimum  flow  of  record  occurred  August  18,  1918, 
with  a  discharge  of  13  second-feet,  which  included  the  flow  of  springs 
between  the  dam  and  the  bridge  at  Congress  Avenue,  Austin   {5). 

The  silting  of  this  reservoir  has  been  closely  observed,  and  several 
surveys  for  the  determination  of  the  volume  of  deposited  material 
have  been  made  by  Taylor  {18)  since  the  completion  of  the  original 
dam.  From  May  1893  to  January  1900  there  was  an  accumulation 
of  23,559  acre-feet  of  deposited  material.  From  the  time  of  comple- 
tion of  the  new  concrete  section  in  the  summer  of  1913  to  August 
1922  there  was  an  accumulation  of  26,663  acre-feet  {19)  '^  from  Au- 
gust 1922  to  August  1924,  the  accumulation  was  2,465  acre-feet;  and 
from  August  1924  to  August  1926  the  accumulation  was  1,424  acre- 
feet.    Table  20  shows  the  rate  of  accumulation  per  year. 

TABLE  20. — Rate  of  accumulation  of  silt  in  the  reservoir  at  Austin 


Period 


Accumulation  of 
silt 


From 


May  1893-.. 
Summer  1913 
August  1922. 
August  1924. 


To 


For 
period 


January  1900 
August  1922. 
August  1924. 
August  1926. 


Acre-feet 

23, 559 

26, 663 

2,465 

1,424 


Per  year 


Acre-feet 
3,490 
2,963 
1,232 

712 


The  decrease  in  the  annual  accumulation  is  due  to  the  reduction 
of  cross-sectional  area  of  the  reservoir  by  the  deposition  of  silt.  As 
the  cross  section  was  reduced,  higher  velocities  were  created  and 
more  of  the  silt  load  was  carried  through  the  reservoir  and  over  the 
spillway. 

The  river-discharge  records  for  a  period  of  32  years  show  maxi- 
mum mean  daily  discharges  of  from  9,750  to  145,000  second-feet, 
with  an  average  of  52,600  second-feet.  In  passing  floods  of  such 
magnitude  through  the  reservoir,  the  average  width  of  which  at 
the  elevation  of  the  crest  of  the  original  dam  was  807  feet  with  a 
minimum  width  of  460  feet,  velocities  capable  of  carrying  the  major 
part  of  the  suspended  load  through  the  basin  and  over  the  spillway 
were  required.  In  other  words,  owing  to  the  limited  width  of  the 
reservoir,  stream  conditions  existed  during  the  passing  of  the  larger 
floods,  and  reservoir  conditions  were  not  reestablished  until  the 
discharge  had  been  so  reduced  that  velocities  were  slight. 
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Whenever  the  discharge  was  such  that  reservoir  conditions  existed 
suspended  matter  settled  to  the  bottom  soon  after  entering  the  slack- 
water  in  the  storage  basin,  and  in  the  form  of  liquid  mud  flowed 
toward  "the  dam.  Side  streams  with  steep  gradients,  discharging 
directly  into  the  reservoir  from  the  adjacent  rocky  slopes,  deposited 
.bars  of  sand  which  temporarily  retarded  the  flow  of  mud.  When  a 
rise  of  sufficient  magnitude  to  create  velocities  that  changed  the 
characteristics  from  reservoir  to  stream  conditions  occurred,  some 
of  the  heavier  particles  of  suspended  matter  were  deposited  through- 
out the  length  of  the  reservoir. 

Referring  to  silt  in  connection  with  his  survey  of  1900,  Taylor  (18) 
states : 

This  silt,  from  tlie  dam  to  a  point  within  3  miles  of  the  head  of  the  lake, 
was,  in  1900,  a  fine,  impalpable,  absolutely  gritless  deposit.  At  the  head  of  the 
lake  and  for  about  3  miles  down  the  lake  the  silt  consisted  of  sand,  which 
readily  deposited  when  the  velocity  of  the  stream  was  checked  by  the  relatively 
still  water  of  the  lake. 

According  to  this  statement,  slightly  less  than  7  percent  of  the 
material  deposited  in  the  reservoir  in  6%  years  was  sand.  This 
seems  to  be  a  low  percentage,  since  the  Pedernales  River  which  joins 
the  Colorado  25  or  30  miles  above  the  reservoir  is  considered  a  sandy 
tributary.  Observations  at  the  heads  of  Lake  Worth,  Lake  Kemp, 
and  Medina  Reservoir  indicate  that  the  volume  of  sand  deposited 
within  the  flow  line  of  reservoirs  is  small  in  comparison  with  the 
total  deposit. 

In  1897  this  silt  *  *  *  ^y^g  fine,  impalpable,  absolutely  gritless  deposit, 
and  where  newly  exposed  would  not  bear  an  appreciable  weight  on  its  surface. 
The  writer  has  often  tried  its  resistance  all  along  the  lake,  and  an  oar  could 
be  driven  into  it  several  feet  with  moderate  pressure.  Shovelfuls  of  it  placed 
upon  boards  in  a  heaped-up  mass  would  immediately  settle  and  spread  so  that 
the  upper  surface  was  almost  horizontal.  A  barrel  of  it,  when  first  taken  up 
at  Santa  Monica  Spring,  soon  spread  out  in  a  flat  sheet  {17,  p.  Jfl). 

The  w^riter  spent  considerable  time  examining  and  sampling  mate- 
rial in  this  reservoir  and  in  the  river  channel.  The  samples  include 
material  in  many  degrees  of  consolidation. 

Sample  no.  1  was  cut  December  12,  1924,  from  an  exposed  deposit 
1  mile  above  the  dam  and  50  feet  from  the  edge  of  water.  The 
surface  of  the  deposit  was  about  9  feet  below  high-water  mark  and 
was  broken  in  blocks  by  shrinkage  cracks  caused  by  exposure  of 
the  material  to  the  atmosphere. 

Sample  no.  2  was  cut  December  12,  1924,  from  the  same  bar  as 
no.  1,  but  200  feet  from  the  edge  of  water  and  6  inches  below  the 
surface  of  the  deposit  which  was  broken  by  shrinkage  cracks  up  to 
three  fourths  inch  in  width. 

Samples  nos.  3  and  4  were  cut  February  13,  1925,  from  the  locality 
from  which  no.  2  was  taken.  They  were  taken  6  inches  below  the 
surface  of  the  deposit  and  the  increase  in  weight  over  that  of  the 
samples  taken  December  1924  is  due  to  additional  shrinkage,  caused 
by  continued  exposure  to  the  atmosphere. 

Sample  no.  5  was  cut  December  12,  1924,  from  a  bar  on  the  south 
side  of  the  river,  12.5  miles  above  the  dam.  The  surface  of  the 
deposit  was  about  9  feet  below  high-water  mark  and  was  broken  by 
shrinkage  cracks.  The  sample,  taken  8  inches  above  the  water  sur- 
face, was  black  and  red  in  color  and  was  quite  sticky. 
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Sample  no.  6  was  cut  February  4,  1925,  from  the  edge  of  a  wash 
on  the  right  bank  of  the  river,  about  19  miles  above  the  dam.  It 
consisted  of  a  mixture  of  clay  and  sand  and  was  probably  deposited 
long  before  the  dam  was  constructed. 

Samples  nos.  7,  8,  and  9  were  cut  February  4,  1925,  from  a  deposit 
on  the  left  bank,  about  16  miles  above  the  dam.  They  had  been 
covered  to  a  depth  of  20  feet  with  silt  and  the  extreme  high- water 
mark  was  35  feet  above  the  samples.  The  material  consisted  of 
dark-brown  clay  with  streaks  of  sand  and  is  thought  to  have  been 
deposited  during  the  existence  of  the  original  dam. 

Sample  no.  10  was  taken  April  25,  1925,  from  the  left  bank,  li/> 
miles  above  the  dam.  A  hole  was  excavated  2i/2  feet  into  the  deposit 
and  the  sample  was  taken  2  feet  below  the  water  surface  by  forcing 
a  can  into  the  side  of  the  excavation,  digging  it  out  and  shearing 
the  silt  off  at  the  top  of  the  can.  The  material  had  been  exposed 
to  the  atmosphere  at  lower  stages  of  the  river. 

Sample  no.  11  was  taken  April  25,  1925,  one  third  mile  above  the 
dam,  from  a  deposit  on  the  left  bank.  A  hole  was  excavated  2  feet 
in  depth  near  the  edge  of  the  water.  The  material  below  was  so 
soft  that  it  flowed  into  the  excavation  and  prevented  going  deeper. 
The  sample  was  taken  II/2  feet  below  the  surface  of  the  water  by 
pushing  a  brass  cylinder  into  the  edge  of  the  excavation.  This 
material  had  been  exposed  to  the  atmosphere  at  lower  stages  of  the 
river. 

Samples  nos.  12  and  13  were  taken  June  9,  1926,  300  feet  above 
the  dam,  from  beneath  10  feet  of  water.  The  surface  of  the  deposit 
was  Ti/2  feet  below  the  crest  of  the  concrete  section  of  the  dam  and 
the  material  sampled  is  thought  to  have  been  under  water  ever 
since  its  deposition.  A  wooden  rod  20  feet  in  length  and  slightly 
over  1  inch  in  diameter  could  be  pushed  10  feet  into  the  deposit 
and  removed  with  ease.  Silt  adhered  to  that  part  of  the  rod  which 
penetrated  the  deposit  and  could  be  removed  only  by  rubbing  vigor- 
ously. A  small  amount  of  very  fine  grit  was  noticeable.  The  sam- 
ples were  taken  in  a  coffee  can  attached  to  a  15-pound  window 
weight.  The  material  was  so  soft  that  the  weight  carried  the  can 
under  the  surface,  permitting  a  full-can  sample  to  be  taken.  A  sieve 
analysis  showed  that  all  except  particles  of  shell  and  vegetable  mat- 
ter passed  a  sieve  having  200  meshes  per  inch.  On  ignition  the  loss 
in  weight  was  5.5  percent. 

Sample  no.  14  was  taken  from  the  left  bank,  600  feet  above  the 
dam.  The  material  sampled  had  been  deposited  in  slack-water  be- 
tween runways  to  boat  landings,  by  a  flood  which  had  gone  down 
rapidly  and  left  the  freshly  deposited  mud  exposed,  only  a  short  time 
before  the  sample  was  taken.  The  sample  was  dipped  with  a  can. 
The  specific  gravity  of  the  silt  in  the  mud  state  was  1.3  and  that 
of  the  dj-ied  silt  was  2.62. 

Sample  no.  15  was  composite,  taken  from  suspension  during  a 
flood,  at  the  Congress  Avenue  bridge  at  Austin,  April  28,  1926. 
Buckets  full  of  muddy  water  were  drawn  up  and  the  water  was 
allowed  to  stand  a  few  minutes,  during  which  time  most  of  the  sus- 
pended matter  settled  to  the  bottom.  The  top  water  was  then 
poured  off  and  the  concentrated  silt  was  saved.  The  material  was 
placed  in  a  l^^-inch  glass  tube  42  inches  long,  May  4,  1926,  and 
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the  height  of  the  mud  column  was  measured  from  time  to  time  in 
order  to  determine  the  rate  of  settlement. 

It  will  be  seen  from  the  following  tabulation  that  practically 
one  half  of  the  shrinkage  of  the  silt  column  took  place  during  the 
first  10  days. 


Elapsed  time  (days)  after 
placing  in  tube : 

10 

20 

30 


Shrinkage 
(percent) 

23.0 

31.  7 


Elapsed  time  (days)  after 
placing  in  tube : 

100 

530 

642 


Shrinkage 
(percent) 

44.5 

50.3 

- 50.3 


As  there  was  no  further  shrinkage  after  the  five  hundred  and 
thirtieth  day,  this  sample  was  removed  from  the  tube  on  the  six 
hundred  and  forty-second  day  and  its  volume-weight  ratio  and  spe- 
cific gravity  were  determined.  Three  independent  determinations  of 
the  specific  gravity  gave  2.717,  2.741,  and  2.730,  with  an  average 
of  2.729.  These  results  are  slightly  higher  than  those  for  samples  of 
the  deposited  material  from  the  reservoir,  due  to  the  pouring  off 
of  the  vegetable  matter  of  the  composite  sample. 

Table  21  gives  the  volume-weight  ratios  of  the  samples  from  the 
reservoir  on  the  Colorado  River  of  Texas  at  Austin. 


Table  21. — Volume-weight  of  silt  samples  from  the  reservoir  on  the  Colorado 
River  of  Texas  at  Austin 


Sample  no. 

Original 

weight 

per  cubic 

foot 

Dry  ma- 
terial per 
cubic  foot 
of  deposit 

Sample  no. 

Original 

weight 

per  cubic 

foot 

Dry  ma- 
terial per 
cubic  foot 
of  deposit 

1 

Pounds 
109.8 
109.2 
111.6 
113.8 
104.3 
124.2 
108.1 
101.5 

Pounds 
83.5 
84.9 
84.5 
86.9 
64.7 
106.0 
73.1 
69.8 

9 

Pounds 
99.3 
91.6 
92.0 
79.9 
80.6 
81.2 
82.7 

Pounds 
67  6 

2 

10     .  . 

51.9 

3 

11 

54.5 

4._ 

12 

29.6 

5 

13 

29.9 

6. 

14 

30  5 

7 

15       .  . 

30.7 

8  .     . 

Based  on  Taylor's  description  of  the  material  in  the  reservoir  in 
1900  and  assuming  that  5  percent  of  the  deposit  described  as  "  fine 
absolutely  gritless  "  had  been  exposed  to  the  atmosphere  during  low 
stages  of  the  water  until  considerable  shrinkage  had  taken  place, 
the  average  weight  of  the  dry  material  per  cubic  foot  of  deposit  in 
1900  is  estimated  at  35.9  pounds. 

The  mean  percentage  of  silt  by  weight  for  a  3-year  period,  in 
the  Colorado  River  of  Texas,  at  Tow,  was  0.36.  Applying  this  per- 
centage to  the  mean  annual  discharge  at  Austin  and  using  35.9 
pounds  as  the  average  weight  of  dry  material  per  cubic  foot  of 
deposit,  the  mean  annual  volume  of  silt  entering  the  Austin  Reser- 
voir was  11,500  acre-feet.  The  Llano  and  Pedernales  Rivers  dis- 
charge into  the  Colorado  between  Tow  and  Austin,  but  it  is  be- 
lieved that  they  do  not  materially  affect  the  percentage  of  silt  in 
the  main  river. 

Had  all  the  silt  entering  the  reservoir  been  deposited  in  the  storage 
basin  and  none  carried  over  the  dam,  the  entire  capacity  would  have 
been  occupied  by  silt  in  about  4  years.     If  storage  had  been  pro- 
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vided  for  the  mean  annual  flow  of  the  stream,  it  would  have  re- 
quired practically  160  years,  at  the  same  rate  of  filling,  for  the  silt 
to  occupy  the  entire  capacity.  When  one  considers  the  fact  that 
the  mean  annual  discharge  of  the  river  at  Austin  is  37  times  the 
original  capacity  of  the  reservoir  it  is  not  surprising  that  the  storage 
space  was  occupied  by  silt  in  a  few  years. 

DETERMINATION  OF  THE  SILT  LOAD 

As  previously  stated,  the  silt  content  of  daily  samples  has  been 
determined  in  terms  of  percentage  of  silt  by  weight.  The  per- 
centage by  weight  for  each  day  applied  to  the  river  discharge  is 
assumed  to  give  the  silt  load  for  that  day.  Obviously,  during  chang- 
ing conditions  of  run-off  and  stream  flow,  with  only  one  sampling 
daily  in  a  given  section,  the  mean  percentage  of  silt,  so  determined^ 
may  vary  considerably  from  the  actual  mean,  but  it  is  believed  that 
the  errors  are  compensating  and  will  approximate  true  conditions 
in  an  extended  period.  The  monthly  silt  loads  as  listed  in  sum- 
maries of  silt  determinations,  tables  25  to  43,  inclusive,  in  the  Appen- 
dix, are  summations  of  the  daily  loads. 

The  volume  of  material  deposited  in  reservoirs  from  suspension 
in  flood  water  is  subject  to  enormous  shrinkage,  therefore  the  most 
accurate  and  convenient  method  of  determining  the  suspended  load 
is  on  the  basis  of  weight.  In  the  study  of  the  silt  load  of  a  stream 
with  reference  to  the  probable  life  of  reservoirs,  the  space  which  it 
will  ultimately  occupy  just  before  the  reservoir  ceases  to  serve  the 
purpose  for  which  it  was  constructed,  is  required.  In  other  words^ 
for  practical  application  the  units  in  weight  must  be  converted  into 
units  by  volume. 

There  is  little  difficulty  in  determining  w^ith  a  close  degree  of 
accuracy  the  initial  and  final  volume-weight  relation  of  material 
deposited  under  reservoir  conditions.  In  existing  reservoirs  the 
initial  relation  may  be  determined  from  samples  recently  deposited. 
Where  no  reservoir  exists,  the  initial  relation  may  be  determined 
from  suspended  material  that  has  been  allowed  to  settle  in  con- 
venient containers.  The  final  relation  in  the  case  of  existing  reser- 
voirs may  be  determined  from  samples  of  deposited  material  which 
has  been  subjected  to  considerable  shrinkage,  due  to  exposure  to  the 
sun  and  atmosphere  for  a  long  period  of  time.  Where  no  reservoir 
exists  the  final  relation  may  be  determined  from  samples  carefully 
selected  in  deposits  laid  down  by  the  stream  during  floods  that  over- 
flowed the  banks.  The  proper  volume-weight  relation  to  apply  in 
making  the  conversion  is,  of  course,  some  value  between  the  initial 
and  final  relations.  The  final  value  is  the  limit  Avhich  is  being  ap- 
proached, but  it  is  highly  probable  that  it  will  not  be  reached 
during  the  average  life  of  a  reservoir. 

Of  all  samples  tested  in  connection  with  this  investigation  the 
leanest,  containing  18.7  pounds  of  dry  material  per  cubic  foot  of 
deposit,  possessed  prominent  colloidal  characteristics.  This  sample 
was  taken  immediately  above  Lake  Worth  Dam  on  the  West  Fork 
of  Trinity  River.  The  densest  sample  was  the  cobblelike  formation 
(pi.  1,  A  and  B)  containing  106.1  pounds  of  dry  material  per  cubic 
foot  of  deposit,  taken  from  Medina  Reservoir.  The  lowest  values 
for  Lake  Worth  on  the  West  Fork  of  Trinity  River,  Medina  Reser- 
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voir  on  Medina  River,  Austin  Reservoir  on  Colorado  River  of  Texas, 
Brazos  River,  and  Lake  Kemp  on  Wichita  River  are  18.7,  28.8,  29.6, 
31.2,  and  35.1  pounds  of  dry  material  per  cubic  foot  of  deposit, 
respectively.  The  highest  values  for  the  same  sources  of  supply 
are  66.3,  106.1,  86.9,  91.2,  and  88.8  pounds  of  dry  material  per  cubic 
foot  of  deposit,  respectively.  The  value  of  66.3  pounds  of  dry  ma- 
terial per  cubic  foot  of  deposit  does  not  represent  the  maximum 
density  of  the  silt  in  Lake  Worth  at  the  time  this  particular  sample 
was  taken.  Owing  to  its  peculiar  jointed  structure,  it  was  impossible 
to  take  a  satisfactory  volume-weight  sample  of  the  denser  material 
and  the  sample  taken  came  from  below  the  effect  of  prominent 
shrinkage  cracks.  It  is  believed  that  the  dry  weight  per  cubic  foot 
of  the  denser  material  approached  85  pounds. 

For  the  samples  listed  above  representing  the  least  weight  of  dry 
material  per  cubic  foot  of  deposit,  the  space  occupied  by  water 
varied  from  80  to  89  percent.  The  water  capacities,  by  volume,  of 
undisturbed  soils  below  the  water  table,  range  between  31.3  percent 
for  very  fine  sand  and  49.0  percent  for  marly  loam  {11).  Comparing 
the  water  capacity  of  the  marly  loam  with  that  of  the  sample  which 
contained  89  percent  water  by  volume,  it  is  seen  that  the  latter  has 
a  greater  capacity,  by  40  percent,  than  the  former.  This  greater 
capacity  is  due  to  the  difference  in  structure  of  the  mass  of  soft 
silt  deposited  from  suspension,  under  water.  The  structure  of  silt 
so  deposited  and  remaining  submerged  has  been  called  "  honeycomb 
structure,"  and  in  case  of  particles  of  colloidal  size  "  flocculent " 

Excess  water  held  in  silt  by  virtue  of  structure  of  the  deposit 
is  liberated  so  slowly  upon  exposure  of  the  material  to  the  atmos- 
phere that  it  is  all  taken  up  by  evaporation  and  is  not  available 
as  storage  water. 

The  selection  of  a  dry  weight  per  cubic  foot  of  deposit  to  apply 
in  converting  units  by  weight  to  units  by  volume  must  be  based 
on  an  estimate.  The  estimate  should  be  based  on  an  intimate  knowl- 
edge of  rainfall,  drainage  area,  stream  characteristics,  and  a  reason- 
ably accurate  prophecy  as  to  the  actual  operation  of  the  proposed 
reservoir.  If  a  reservoir  is  operated  in  such  a  manner  that  the  silt 
surface  is  continually  covered  with  water,  the  average  dry  weight 
per  cubic  foot  of  deposit  may  approach  30  pounds;  but  if  the  silt 
deposit  is  exposed  at  intervals,  shrinkage  will  take  place  and  the 
volume-weight  ratio  will  be  increased. 

The  latter  condition  is  strikingly  illustrated  in  the  operation  of 
Medina  Reservoir  during  the  5-year  period  ended  October  1930.  At 
the  beginning  of  this  period  the  average  dry  weight  per  cubic  foot 
of  deposit  approximated  30  pounds.  Increased  irrigation  demand 
and  subnormal  rainfall  resulted  in  a  lowering  of  the  water  surface, 
thus  exposing  the  deposited  material  so  that  shrinkage  increased  the 
average  dry  weight  per  cubic  foot  to  approximately  64  pounds. 
Each  subsequent  exposure  of  the  deposited  material  to  the  atmosphere 
and  sun  increases  the  average  dry  weight  per  cubic  foot  of  deposit. 

During  the  initial  operation  of  a  reservoir,  flood  water,  with  its 
charge  of  silt,  reaches  the  dam.  As  the  velocity  is  overcome  the 
suspended  silt  settles  to  the  bottom  in  the  form  of  soft  mud.  As 
the  reservoir  continues  to  fill  with  silt-charged  inflow  and  the  water 
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surface  backs  upstream,  the  suspended  material  continues  to  settle 
to  the  bottom  in  the  upstream  limit  of  slack- water.  Sediment  which 
has  a  greater  specific  gravity  than  water,  flows  in  the  form  of  soft 
mud  down  the  slopes  of  the  reservoir  bottom  into  pools  of  the  main 
stream  and  depressions  outside  the  channel.  If  the  inflow  is  greater 
than  the  sum  of  seepage,  evaporation,  and  diversions,  the  process 
will  continue  until  the  water  surface  reaches  the  spillway  crest.  At 
this  stage  the  average  number  of  pounds  of  dry  material  per  cubic 
foot  of  deposit  approaches  30  or  less  if  collodial  conditions  are 
present.  Shrinkage  and  the  accompanying  increase  in  unit  weight 
can  take  place  only  by  liberation  of  the  excess  water.  If  the  deposit 
is  kept  continually  covered  with  water,  this  shrinkage  takes  place 
so  slowly  that  it  is  believed  to  be  negligible  so  far  as  the  life  of  a 
reservoir  is  concerned. 

In  the  operation  of  many  reservoirs,  however,  the  demand  exceeds 
the  supply  and  a  portion  of  the  floor  of  the  reservoir,  witK  the  silt 
deposits,  becomes  exposed  to  the  sun  and  atmosphere  for  intervals 
of  time,  and  great  shrinkage  of  the  silt  deposit  takes  place  through 
the  liberation  of  water  held  by  virtue  of  its  structure.  The  shrink- 
age is  manifested  in  cracks  and  subsidence  of  the  surface  of  the 
deposit.  The  cracks  divide  the  surface  into  irregular  areas  and 
extend  into  the  mass  varying  depths,  depending  on  the  period  of 
exposure,  the  character  of  the  material,  and  the  thickness  of  the 
deposit. 

Although  the  moisture  content  of  the  exposed  material  increases 
when  the  water  level  rises  again,  material  not  actually  scoured  and 
agitated  by  incoming  floods  until  complete  separation  of  the  par- 
ticles takes  place  does  not  occupy  as  much  space  as  it  did  when 
originally  deposited.  Owing  to  the  comparatively  short  distance 
that  consolidated  material  is  exposed  to  the  eroding  effect  of  inflow 
in  reservoirs,  complete  separation  of  the  particles  does  not  take  place 
and  the  resulting  structure  is  denser  than  it  was  when  originally 
deposited.  In  material  which  is  not  scoured  when  again  submerged, 
the  shrinkage  cracks  can  be  detected  by  the  difference  in  density 
of  the  deposit  after  they  have  been  filled  with  freshly  deposited 
material.  From  observation  it  is  believed  that  the  expansion  of  the 
undisturbed  consolidated  material  is  slight. 

Silt  deposited  in  the  reservoir  on  the  Nueces  River  near  Mathis 
and  later  exposed  to  the  atmosphere  several  different  times  weighed 
100.9  pounds  per  cubic  foot  and  the  dry  material  per  cubic  foot  of 
deposit  weighed  64  pounds.  When  this  material  was  covered  with 
water  again,  it  expanded  to  the  extent  that  the  wet  weight  was  96.3 
pounds  per  cubic  foot  and  the  dry  material  per  cubic  foot  of  deposit 
weighed  56  pounds.  Each  subsequent  exposure  and  submersion  re- 
sults in  less  expansion  and  a  greater  dry  weight  per  cubic  foot. 

At  the  inception  of  this  investigation  it  was  expected  that  the 
results  could  be  expressed  exactly,  in  units  by  volume,  but  the  infor- 
mation developed  as  the  study  progressed  proved  this  to  be  impos- 
sible, since  material  deposited  under  reservoir  conditions  and  remain- 
ing submerged  contained  30  or  less  pounds  of  dry  material  per  cubic 
foot  of  deposit,  while  material  similarly  deposited  and  then  subjected 
to  shrinkage  through  exposure  contained  in  excess  of  80  pounds  of 
dry  material  per  cubic  foot  of  deposit. 
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It  should  be  kept  in  mind  that  the  average  ultimate  weight  of  the 
dry  material  per  cubic  foot  of  deposit  depends  on  the  function  and 
operation  of  the  reservoir.  In  a  reservoir  used  for  flood  control 
only,  the  water  is  stored  temporarily,  and  the  deposited  material,  sub- 
jected to  shrinkage  during  long  periods  of  time,  has  an  average 
ultimate  weight  of  dry  material  per  cubic  foot  of  deposit  approxi- 
mating 90  pounds;  in  the  average  reservoir  for  storage  of  water  for 
future  use,  dry  periods  and  increased  demand  for  water  result  in 
lowering  of  the  water  surface  and  the  exposure  of  the  silt  deposit  for 
periods  of  time,  resulting  in  an  average  ultimate  weight  of  dry 
material  per  cubic  foot  of  deposit  approximating  70  pounds ;  and  in 
a  power  reservoir,  where  the  head  is  maintained  practically  constant, 
exposure  and  the  resulting  shrinkage  does  not  take  place,  and  the 
average  ultimate  weight  of  the  dry  material  per  cubic  foot  of  deposit 
approximates  30  pounds. 

The  writer,  after  carefully  considering  the  volume-weight  ratios 
of  silt  samples  and  the  measurements  of  exposed  and  submerged 
deposits  in  reservoirs,  has  selected  70  pounds  as  the  average  ultimate 
weight  of  dry  material  per  cubic  foot  of  deposit,  for  converting  units 
by  weight  into  units  by  volume.  This  selection  was  made  with  a 
knowledge  of  the  indeterminable  volume  of  vegetable  matter  in  the 
form  of  logs  and  brush  which  moves  down  the  streams  during  ris- 
ing stages.  Since  much  of  this  material  is  waterlogged  and  travels 
unobserved  down  stream  below  the  water  surface,  it  is  impossible  to 
estimate  the  volume.  Such  material  will  be  deposited  in  reservoirs 
where  it  will  be  preserved  indefinitely  if  kept  submerged  with  water. 

Stream  discharge  records  used  in  tables  25  to  43,  inclusive,  were 
furnished  by  the  water  resources  branch  of  the  United  States  Geolog- 
ical Survey  and  the  volume  of  silt  is  based  on  the  assumption  that  the 
weight  of  the  dry  material  per  cubic  foot  of  mud,  deposited  under 
juervoir  conditions,  will  ultimately  be  70  pounds. 

PREVENTION  OF  SILTING 

As  previously  stated,  the  most  important  factors  that  control  run- 
off, erosion,  and  transportation  of  eroded  and  weathered  material 
are  depth  and  intensity  of  rainfall,  topographic  features,  structure 
and  texture  of  the  soil,  and  the  amount  and  character  of  surface  cover 
or  vegetation. 

Man  has  no  control  over  the  depth  and  intensity  of  rainfall,  both  of 
which  vary  widely.  The  records  of  the  United  States  Weather 
Bureau  show  for  central  Texas,  where  the  average  annual  rainfall 
ranges  from  20  to  33  inches,  a  minimum  annual  precipitation  of  less 
than  6  inches  and  a  maximum  of  67.94  inches,  with  a  recorded 
intensity  of  over  19  inches  in  24  hours  on  a  portion  of  the  drainage 
area.  Rainfall  of  such  intensity  results  in  heavy  run-off  with  an 
accompanying  heavy  silt  load  in  the  aggregate,  although  the  per- 
centage of  silt  may  be  low,  owing  to  dilution.  Continuous  slow 
easy  rains  may  total  several  inches  during  a  single  storm,  but  from 
the  fact  that  the  rate  of  absorption  of  the  soil  is  not  overtaxed,  little 
water  and  proportionately  little  suspended  matter  runs  off. 

The  control  of  topographic  features  is  possible  to  a  limited  extent, 
by  the  construction  of  (1)  terraces  to  retard,  spread,  and  direct  the 
flow  of  run-off  so  as  to  reduce  the  erosion  oi  the  ground  surface  to 


50         TECHNICAL  BULLETIN    3  8  2,    U.S.   DEPT.    OF   AGRICULTUBE 

a  minimum  and  expose  it  uniformly  to  the  percolating  water;  (2) 
check  dams  of  logs,  brush,  stones,  wire,  straw,  and  other  material, 
to  check  the  velocity  of  the  water  and  cause  the  deposition  of  sus- 
pended matter;  and  (3)  dams  and  levees  to  store  and  direct  the 
discharge. 

The  structure  and  texture  of  the  soil  are  controllable  only  so  far 
as  they  are  aifected  by  vegetation  and  cultivation.  A  cover  crop  of 
grass,  weeds,  brush,  and  forest  trees  is  effective  in  preventing 
weathering  and  excessive  run-oif  with  its  accompanying  load  of 
silt.  Decaying  vegetable  matter  affects  the  structure  and  texture  of 
the  soil  by  contribution  of  humus  and  by  the  mechanical  action  of 
the  roots  perforating  the  formation. 

The  deposition  of  part  of  the  silt  load  of  a  supply  stream  may  be 
accomplished,  to  a  limited  extent,  in  the  main  valley  above  the  flow 
line  of  the  reservoir.  A  dense  growth  of  tamarisk  on  the  flood  plain 
of  the  Wichita  River  above  the  flow  line  of  Lake  Kemp  is  effective 
in  reducing  the  velocity  of  flood  water  to  the  extent  that  considerable 
silt  is  deposited  outside  the  reservoir. 

By  diverting  flood  water  from  a  stream  channel  above  a  reservoir 
and  allowing  it  to  spread  over  the  valley  floor,  the  velocity  may  be 
reduced  so  that  much  material  that  would  otherwise  enter  the  reser- 
voir is  deposited.  This  is  illustrated  in  the  operation  of  a  reservoir 
near  Balmorhea.  Water  for  the  reservoir  is  diverted  from  Toyah 
Creek  and  conducted  through  a  feeder  canal  which  has  extravagant 
gradients.  High  velocities  carry  sand,  gravel,  and  cobblestones 
toward  the  reservoir.  At  two  points  along  the  canal,  contracted 
sections  cause  large  floods  to  spread  out  over  the  flat  land  on  each 
side,  resulting  in  the  deposition  of  the  coarse  material,  preventing 
it  from  being  carried  into  the  reservoir. 

REMOVAL  OF  SILT  FROM  RESERVOIRS 

Various  schemes  have  been  proposed  for  removing  deposited  silt 
from  reservoirs  but  no  feasible  plan  has  been  suggested.  The  chief 
objection  to  the  methods  proposed  is  the  cost  per  unit  volume.  Under 
present  conditions  the  cost  of  dredging  in  reservoirs  used  for  irri- 
gation storage  or  power  purposes  is  prohibitive.  The  method  may 
be  feasible  in  connection  with  municipal  water  supply  where  water 
is  sold  in  units  of  1,000  gallons  insteacl  of  acre-feet. 

Proper  clearing  and  grading  of  reservoir  bottoms,  to  remove 
obstacles  to  the  free  flow  of  soft  mud  deposits,  will  provide  for  the 
transmission  of  a  considerable  volume  to  the  dams.  If  the  outlet 
conduits  are  in  the  lowest  part  of  the  stream  channel,  the  soft  mate- 
rial reaching  the  dams  will  be  discharged  with  the  water.  The  most 
feasible  method  of  handling  the  situation  arising  from  reservoirs 
filled  with  silt  is  to  provide  additional  storage  capacity  by  increasing 
the  height  of  the  controlling  works  or  by  the  construction  of  a  dam 
at  another  site. 

SILT  PROBLEMS  OF  THE  LOWER  RIO  GRANDE  VALLEY 

The  handling  of  the  silt  in  the  water  of  the  Kio  Grande,  the  source 
of  irrigation  supply  of  the  lower  Kio  Grande  Valley  of  Texas,  has 
been  recognized,  since  the  construction  of  the  first  irrigation  canal 
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in  that  part  of  the  valley,  as  an  important  maintenance  and  opera- 
tion problem. 

In  order  to  deliver  water  to  the  greater  part  of  tlue  irrigable 
land,  the  canals  had  to  be  constructed  with  extremely  flat  gradients 
which  resulted  in  large  cross-sectional  areas  and  low  velocities.  As 
a  result  of  the  low  velocities,  the  major  part  of  the  suspended  load 
is  deposited  in  the  upper  reaches  of  the  canals,  but  thin  deposits  of 
very  fine  material  have  been  observed  at  the  extreme  lower  end  of 
the  distribution  system  35  miles  or  more  from  the  river  diversions. 

Periodic  cleanings  of  the  canals  are  necessary  to  maintain  the  re 
quired  carrying  capacities.  As  a  rule,  the  intake  canals  from  the 
river  to  the  pumping  plants  are  cleaned  with  suction  dredges;  the 
larger  canals  of  the  distribution  system  are  cleaned  with  drag-line 
excavators;  canals  of  medium  dimensions  are  cleaned  with  ladder- 
type  excavators;  and  small  canals  and  laterals  are  cleaned  with 
teams  and  scrapers  or  by  men  with  shovels. 

On  several  of  the  irrigation  systems,  provision  has  been  made  for 
desilting  the  water  by  means  of  settling  basins  before  it  enters  the 
canals.  The  basins  of  comparatively  large  areas  receive  the  silt- 
laden  water  directly  from  the  pumps  at  the  river.  The  canals  which 
draw  their  supply  of  practically  clear  water  from  the  settling  basins 
are  noticeably  free  from  silt  deposit.  As  the  basins  become  filled 
with  deposited  material,  it  will  be  necessary  to  provide  others.  The 
area  built  up  in  the  basins  should,  with  proper  treatment,  be  con- 
verted into  valuable  agricultural  land. 

The  basic  fertility  of  the  soil  in  this  part  of  the  valley  is  doubtless 
due  to  a  large  extent  to  the  plant  food  contained  in  the  sediment  of 
which  it  is  composed,  but  it  has  been  observed  that  land  between  the 
river  bank  and  the  flood-control  levee,  with  a  deposit  of  fresh  silt, 
does  not  produce  crops  equal  to  those  produced  just  over  the  levee 
on  land  protected  from  freshly  deposited  material. 

Seepage  investigations  in  connection  with  irrigation  canals  indi- 
cate that  the  silt  is  very  effective  in  sealing  the  wet  area  and  reduc- 
ing the  rate  of  percolation.  In  canals  with  silt  on  the  sides  and 
bottom,  losses  as  low  as  0.091  cubic  foot  per  square  foot  of  wet  area 
in  24  hours  were  measured.  In  one  canal,  which  contained  no  silt 
deposit,  its  supply  being  clear  water  drawn  from  the  surface  of  a 
settling  basin,  the  measured  loss  was  at  the  rate  of  3,884  cubic  feet 
per  square  foot  of  wet  area  in  24  hours. 

In  canal  systems  other  than  those  of  continuous  flow  in  which  the 
main  canal  receives  its  full  allotment  at  its  head  and  each  lateral 
diverting  therefrom  takes  its  portion  of  the  discharge,  the  theory 
deduced  b}'^  R.  G.  Kennedy  in  his  investigation  on  the  Bari  Doab 
canal  system  in  India  is  not  applicable. 

Experiments  in  reaches  of  canals  in  which  the  relation  of  width, 
depth,  and  mean  velocity  were  such  that  silt  was  neither  picked  up 
nor  deposited  led  Kennedy  to  conclude  that  the  velocity  under  such 
conditions  is  expressed  approximately  by  the  equation  (10) 

where  c  has  values  from  0.82  for  light  sandy  soil  to  l.OT  for  coarse 
silt,  and  d  is  depth  in  feet. 
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Many  irrigation  systems  and  in  fact  all  those  in  the  lower  Rio 
Grande  Valley  of  Texas  provide  for  the  delivery  of  water  to  irri- 
gators on  demand  and  by  reason  of  the  diversity  of  crops,  canals 
and  laterals  seldom  carry  water  to  their  full  capacity.  A  canal  with 
a  capacity  of  25  cubic  feet  per  second  may  on  account  of  lack  of 
demand  be  discharging  2  cubic  feet  per  second,  and  in  order  to 
deliver  this  amount  to  the  land  being  irrigated  it  is  often  necessary 
to  check  the  water  to  freeboard  limit.  Under  such  circumstances 
velocities  that  will  prevent  deposition  of  the  suspended  matter  can- 
not be  maintained. 

CHEMICAL  COMPOSITION  OF  BRAZOS  RIVER  WATER 

During  April  1926  samples  of  muddy  water  were  taken  from 
Brazos  River  at  Seymour,  Waco,  and  Rosenberg  for  the  purpose  of 
determining  the  chemical  composition  of  the  material  in  solution 
and  suspension. 

The  Seymour  sample  was  taken  at  8  a.m.,  April  21,  when  the 
discharge  was  2,370  second-feet  and  the  stage  was  increasing  rapidly. 
Two  routine  samples  taken  at  6  p.m.  the  same  day,  at  a  discharge 
of  7,772  second-feet  and  falling  stage,  contained  2.37  percent  of 
suspended  matter  by  weight  and  4.92  percent  by  volume  after  7  days' 
settlement. 

The  Waco  sample  was  taken  at  4  p.m.,  April  22,  during  a  falling 
stage  w^hen  the  discharge  was  17,500  second-feet.  Three  routine 
samples,  taken  at  the  same  time,  contained  0.43  percent  suspended 
matter  by  weight. 

The  Rosenberg  sample  was  taken  at  8  a.m.,  April  24,  during  a 
rising  stage  when  the  discharge  was  66,190  second-feet.  Three  rou- 
tine samples  taken  about  the  same  time  contained  0.76  percent  sus- 
pended matter  by  weight  and  3.04  percent  by  volume  after  7  days' 
settlement. 

The  chemical  analyses  were  made  by  A.  E.  Mix,  analyst  in  the 
water  and  beverage  laboratory  of  the  Bureau  of  Chemistry  and  Soils, 
United  States  Department  of  Agriculture.  The  results  are  given 
in  tables  22  to  24,  inclusive. 

Part  of  the  Brazos  River  drainage  basin  above  Seymour  contains 
extensive  salt  deposits.  During  periods  of  low  or  no  flow  the  water 
standing  in  pools  along  the  channel  becomes  saturated  with  alkali 
salts.  The  high  salt  content  of  the  sample  from  Seymour  is  due  to 
a  quick  rise,  following  a  period  of  low  flow.  Contributions  of  water 
containing  less  salt  in  solution,  from  streams  discharging  into  Brazos 
River  below  Seymour,  resulted  in  dilution  as  indicated  by  the  decrease 
in  total  salts  in  samples  from  Waco  and  Rosenberg. 

SUMMARY  AND  CONCLUSIONS 

The  Brazos  River  Basin  is  representative,  in  its  various  sections, 
of  conditions  prevailing  in  other  drainage  areas  in  Texas.  The 
upper  end  of  the  basin  is  in  New  Mexico,  about  4,900  feet  above  sea 
level.  There  the  average  annual  rainfall  is  approximately  15  inches. 
Thence  Brazos  River  flows  southeasterly,  discharging  into  the  Gulf 
of  Mexico  at  a  point  where  the  average  annual  rainfall  is  about  42 
inches. 
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Table  22. — Potash,  phosphorus,  and  nitrogen  in  suspended  »ilt  of  Braaos  River 
water  from  Scynwur,  Waco,  and  Rosenberg 


Location 

K,0 

PjO, 

N 

Seymour 

Waco 

PercerU 
0 
0 
0 

Percent 

0.08 

.08 

.08 

Percent 

0.098 

.224 

.112 

Rosenberg 

Tabi^  23.- 


-Radicals  vAth  their  reacting  values  in  filtered  supernatant  ivater 
from  samples  from  Brazos  Ri/ver 


Values  for  sample  from 

- 

Radical 

Seymour 

Waco 

Rosenberg 

* 

Quantity 

Reacting 
value 

Quantity 

Reacting 
value 

Quantity 

Reacting 
value 

NaCcalc.) 

Milli- 
grams per 
liter 
253.0 
246.5 
26.6 
27.0 
9.0 
.4 
.7 
460.0 
210.7 
492.4 
1.2 

Percent 
21.58 
24.13 
4.29 

Milli- 
grams per 
liter 
1.0 
73.3 
7.9 
3.0 
4.0 
.4 
.7 
18.0 
35.8 
182.4 
2.7 

Percent 

0.49 

42.05 

7.46 

Milli- 
grams per 
liter 
20.9 
44.7 
6.6 
0 

8.0 

1.4 

.7 

24.0 

20.2 

152.0 

1.7 

Percent 
12.33 

Ca 

30.30 

Mg 

7.37 

FejOs,  AljOa 

SiOj 

NO3 - 

.01 
.03 

25.45 
8.61 

15.83 
.07 

.07 

.19 

5.83 

8.57 

34.36 

.98 

.31 

BO2 

.22 

CL.  . 

9  19 

SO* 

5.71 

HC03 . 

33.84 

POi 

.73 

Total                  

1,727.5 

100.00 

329.2 

100.00 

280.2 

100.00 

TABLE  24. — Anhydrous  salts  in  filtered  supernatant  water  from  samples  from 

Brazos  River 


Values  for  sample  from— 

Anhydrous  salt 

Values  for  sample  from— 

Anhydrous  salt 

Seymour 

Waco 

Rosen- 
berg 

Sejrmour 

Waco 

Rosen- 
berg 

NaBOi 

Milli- 
grams  per 
liter 
1.1 
.6 
641.7 
0 

95.0 
11.6 
0 

Mxlli- 
grams  per 
liter 
1.1 
.6 
1.2 
0 

23.2 
9.7 
0 

Milli- 
grams per 
liter 
1.1 
1.9 
39.7 
13.6 
0 

13.7 
23.0 

CaSO*        

Milli- 
grams per 
lUer 
285.5 
654.0 
2.0 
27.0 
9.0 

Milli- 
grams per 
liter 
39.7 
242.3 
4.4 
3.0 
4.0 

Milli- 
grams per 
liter 
0 

NaNOi 

Ca(HCOs)j - 

Caj(P04)j    

176.4 

NaCl 

2.8 

Na»SO« 

FejOi,  AlaOi 

SiOj 

0 

MgCh 

8.0 

Total 

Mg(HCOi), 

1,727.5 

329.2 

280.2 

The  mean  percentage  of  silt  by  weight  in  samples  taken  at  six 
tenths  of  the  depths  in  verticals  at  one  sixth,  one  half  and  five 
sixths  the  width  very  closely  approximates  the  mean  silt  percentage 
for  the  section. 

While  it  is  known  that  steep  mountain  streams  transport  consid- 
erable coarse  material  by  rolling  it  along  the  stream  bed,  it  is  be- 
lieved that  the  solids  conveyed  by  the  streams  studied,  at  the  sections 
under  consideration,  are  held  in  suspension  and  subject  to  sampling 
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at  velocities  existing  during  periods  when  silt  is  being  transported 
in  significant  quantities. 

There  is  no  evidence  at  the  river  stations  under  consideration  of 
any  direct  relation  between  the  suspended  load  and  the  velocity  of 
the  water.  The  higher  the  velocity,  the  greater  is  the  capacity  to 
carry;  but  since  the  capacity  load  is  not  even  approximately  ap- 
proached, the  magnitude  of  the  silt  charge  becomes,  in  effect,  a  func- 
tion of  loading  rather  than  of  capacity  to  carry. 

The  greater  part  of  the  silt  load  of  a  stream  is  due  to  previous 
weathering.  Following  a  dry  period,  the  first  run-off  picks  up  the 
weathered  material  and  carries  it  into  the  stream.  After  the  first 
flush  from  the  area  upon  which  the  precipitation  falls,  the  stream 
must  depend  upon  erosion  for  its  silt  load,  but  since  the  portion 
of  a  large  drainage  basin  subject  to  excessive  erosion  or  scour  is 
small  in  comparison  with  the  entire  area,  the  silt  load  becomes 
comparatively  light. 

The  maximum  silt  percentage  by  weight  occurs  prior  to  the  maxi- 
mum stream  discharge.  There  are  two  distinct  peaks  in  the  silt 
percentage  curves  for  each  flood.  The  first  peak  occurs  on  a  rising 
stage  at  a  point  above  which  the  volume  of  water  increases  much 
faster  than  the  available  silt  load,  resulting  in  dilution.  The  second 
peak  occurs  on  a  falling  stage  and  is  due  to  the  caving  of  banks  and 
the  sloughing  into  the  channel  of  material  deposited  on  the  slopes 
at  higher  stream  stages. 

The  greater  part  of  the  suspended  silt  load  of  streams  and  of 
most  of  the  material  deposited  in  reservoirs  is  of  such  fineness  that 
it  will  pass  a  Tyler  standard  no.  300  sieve. 

After  ?  days'  settlement,  the  average  ratio  of  the  percentage  of 
silt  by  volume  to  the  percentage  by  weight  is  3.3  to  1.  The  mud 
column  of  samples  kept  in  tubes  for  7  days  is  comparable  to  freshly 
deposited  material  in  reservoirs,  but  being  taken  from  suspension, 
it  contains  a  mixture  of  different  sized  grains,  while  material  de- 
posited in  reservoirs  has  been  subjected  to  more  complete  sorting. 

After  13  years  of  use  Medina  Reservoir  contained  2,692  acre-feet 
of  deposited  silt  having  an  average  of  30  pounds  of  dry  material  per 
cubic  foot  of  deposit.  Five  years  later,  owing  to  exposure  to  the 
sun  and  atmosphere  at  various  times,  the  average  weight  of  the 
dry  material  per  cubic  foot  of  deposit  was  63.6  pounds.  The  2,692 
acre-feet  of  material  measured  in  the  reservoir  in  1925,  therefore, 
had  been  reduced  to  1,270  acre-feet  in  1930,  through  shrinkage  due 
to  exposure. 

Suspended  silt  settles  to  the  reservoir  bottom  soon  after  entering 
the  slack  water  and,  having  a  greater  specific  gravity  than  water, 
flows,  in  the  form  of  liquid  mud,  down  the  slopes  into  depressions 
and  along  the  main  channel  until  blocked  by  the  dam. 

Owing  to  its  greater  density,  silt-charged  water  entering  a  reser- 
voir partly  filled  with  clear  water  does  not  mingle  with  the  clear, 
but  forces  it  downstream  toward  the  dam.  No  suspended  silt  is 
carried  through  the  reservoir  and  over  the  spillway  until  all  of  the 
clear  water  has  been  discharged. 

Silt  had  accumulated  in  Lake  Worth  at  the  rate  of  about  1,000 
acre-feet  per  year  from  the  time  when  water  was  first  stored  until 
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1925,  and  the  same  rate  of  deposition  was  still  continuing  in  1928, 
when  the  total  volume  deposited  was  estimated  at  13,837  acre-feet. 

Silt  deposited  from  suspension  in  reservoirs  and  kept  continually 
submerged  contains  from  18.7  to  37  pounds  of  dry  material  per  cubic 
foot  of  deposit. 

The  average  weight  of  the  dry  material  per  cubic  foot  of  deposit 
in  reservoirs  in  wnich  a  practically  constant  head  is  maintained, 
approaches  30  pounds. 

The  average  weight  of  the  dry  material  per  cubic  foot  of  deposit 
in  reservoirs  that  are  emptied  occasionally,  ultimately  approaches  70 
pounds. 

The  average  weight  of  dry  material  per  cubic  foot  of  deposit  in 
reservoirs  used  exclusively  for  flood  control  and  therefore  standing 
empty  most  of  the  time,  approaches  90  pounds. 

The  greater  part  of  the  silt  deposited  from  suspension  in  reser- 
voirs and  kept  continually  submerged  has  an  angle  of  repose  ap- 
proaching 0°. 

The  specific  gravity  of  dried  silt  from  reservoir  deposits  is  gen- 
erally about  2.65.  Samples  taken  from  suspension  and  from  which 
vegetable  matter  was  excluded  had  an  average  specific  gravity  of 
2.73. 

The  average  annual  discharge  of  the  Colorado  River  of  Texas 
at  Austin,  during  a  period  of  32  years,  was  1,827,000  acre-feet,  or 
more  than  27  times  the  original  capacity  of  Austin  Reservoir.  The 
rapid  filling  of  this  reservoir  with  sediment  was  due  to  its  relatively 
small  capacity  and  the  large  average  annual  discharge  of  the  stream. 
Owing  to  the  narrowness  of  the  reservoir,  stream  conditions  existed 
throughout  its  length  during  the  discharge  of  the  larger  floods.  Less 
than  7  percent  of  the  material  deposited  within  the  flow  line  during 
the  first  6%  years  of  operation  of  this  reservoir  was  sand. 

Excess  water  held  in  silt  by  virtue  of  the  structure  of  the  deposit 
is  not  available  as  storage  water.  On  exposure  of  such  deposits  to 
the  air,  the  water  is  liberated  so  slowly  that  all  of  it  is  evaporated. 

Although  the  moisture  content  of  exposed  silt  deposits  increases 
when  resubmergence  occurs,  silt  that  is  not  actually  scoured  and 
agitated  by  incoming  floods  until  complete  separation  of  the  par- 
ticles takes  place  does  not  occupy  as  much  space  as  when  it  was 
deposited.  Each  subsequent  exposure  and  submersion  results  in  a 
greater  degree  of  consolidation. 

The  density  of  silt  deposited  in  reservoirs  is  not  increased  by  the 
depth  of  water  on  its  surface.  Actual  tests  of  material  submerged 
from  only  a  few  to  over  100  feet  indicate  no  difference  in  density. 
Since  the  individual  silt  particles  are  completely  surrounded  with 
water  the  resultant  pressure  is  zero. 

At  the  beginning  of  the  investigation,  it  was  expected  that  the 
results  that  would  be  obtained  could  be  expressed  exactly  in  units 
of  volume,  but  information  developed  as  the  study  progressed  has 
proved  this  to  be  impossible.  After  considering  carefully  the  vol- 
ume-weight ratios  of  silt  samples  in  different  degrees  of  consolida- 
tion together  with  the  fact  that  an  indeterminable  volume  of  vege- 
table matter  in  the  form  of  logs  and  brush  deposited  in  reservoirs 
becomes  water-logged  and  lasts  indefinitely,  70  pounds  was  selected 
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as  the  average  ultimate  weight  of  the  dry  material  per  cubic  foot 
of  deposit  in  reservoirs  where  the  deposits  are  subjected  to  alternate 
wetting  and  drying. 

The  best  method  of  preventing  the  deposition  of  silt  in  reservoirs 
is  to  keep  it  from  being  carried  into  the  supply  streams.  This  may 
be  accomplished  in  part  through  extensive  run-off  control  projects 
combining  forestation,  planting  of  grass  cover  crops,  terracing  of 
cultivated  land,  and  constructing  of  check  dams  and  other  velocity- 
reducing  structures. 

The  diversion  and  spreading  of  flood  water  in  stream  valleys  above 
reservoirs  is  effective  in  causing  the  deposition  of  heavier  grades 
of  material  outside  the  flow  line.  A  dense  growth  of  tamarisk  on 
the  flood  plains  above  reservoirs  reduces  the  velocity  of  flood  water 
to  such  an  extent  that  considerable  material  even  of  the  finer  grades 
is  deposited  before  it  reaches  the  reservoir. 

The  removal  of  silt  by  dredging  from  reservoirs  used  for  irriga- 
tion and  power  purposes  is  not  feasible,  owing  to  the  prohibitive 
cost.  In  reservoirs  with  outlet  conduits  in  the  old  channel  of  the 
stream,  a  considerable  volume  of  soft  mud  may  be  discharged  with 
the  water.  The  most  feasible  method  of  providing  storage  to  take 
the  place  of  that  occupied  by  deposited  material  is  to  provide  fur- 
ther capacity,  either  by  raising  the  controlling  works  or  by  construct- 
ing another  dam  at  a  new  site. 

Silt  in  irrigation  water  in  the  lower  Kio  Grande  Valley  is  effective 
in  reducing  percolating  losses  of  earthen  canals  but  frequent  clean- 
ings of  canals  are  necessary  to  maintain  the  required  carrying 
capacities.  On  several  systems  the  water  is  desilted  by  passing  it 
through  settling  basins  near  the  diversion  points. 
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APPENDIX 


SILT  CARRIED  BY  VARIOUS  TEXAS  STREAMS  BASED  ON  DISCHARGE  RECORDS  OF 
THE  UNITED  STATES  GEOLOGICAL  SURVEY 

TABLE  25. — Silt  detenmnaiions,  Douile  Mountam  Fork  of  the  Brnzos  RhfCr^ 

Aspermant,  192JtS0 

1924 


Month 

Discharge 

sut 

Month 

Discharge 

Silt 

June  (i-SO) 

Jiily 

Aere-feet 

235 

764 

0 

7.470 

2,470 

Tont 

600 

34,980 

0 

226,000 

60.900 

Acre-feet 

0 

23 

0 

148 

40 

November 

December 

Total  for 
period- 

Acre-feet 
0 
0 

Ton» 
0 
0 

0 

August 

September 

October 

10,939 

322.480 

211 

1925 


January.. 

February 

March 

April 

May 

JniM 

July. 


0 

0 

0 

0 

0 

0 

1, 379, 610 

905 

392,900 

258 

12,010 

8 

22,130 

15 

August 

September. 
October — 
November. 
December.. 


Total. 


27,600 

37,400 

5,910 

1.980 

45 


130.457 


1.902.120 

1.251.100 

56,050 

4,440 

0 


5,020.360 


1,248 

821 

37 

3 

0 


3,295 
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Table  25. — Silt  determinutiotis,  DouUe  Mountain  Park  of  the  Brazos  River 
Aspermont,  1924-30 — Continued 

1926 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January 

Acre-feet 

30 

26 

916 

14,700 

8,320 

14,700 

17,400 

Tons 

0 

0 

3,160 

728,440 

186, 360 

457,260 

610,860 

Acre-feet 

0 

0 

2 

478 

122 

300 

401 

August 

Acre-feet 

56,800 

25,700 

162,000 

4,310 

11,000 

Tons 

2, 064, 920 

437,930 

3,812,690 

0 

43, 170 

Acre-feet 
1,354 

February 

March 

September 

October... 

November 

December 

Total 

287 
2,501 

April 

0 

May 

28 

July 

314,901 

8, 344, 780 

5,473 

1927 


January- 
February 
March... 

April 

May 

June 

July 


1,770 

2,980 

1,380 

3,990 

688 

16,200 

22,400 


0 

17,690 

2,470 

41,260 

7,100 

463, 850 

668,720 


0 

12 

2 

27 

5 

304 

439 


August 

September - 

October 

November.. 
December.. 

Total. 


8,310 

4,470 

2,370 

4 

11 

64,573 


236,270 

133,500 

35, 870 

0 

0 


1,  606,  730 


155 
88 
23 
0 
0 


1,055 


1928 


January.. 
February 
March... 

April 

May 

June 

July 


85 

1 

158 

9 

44,800 

3,840 

50,300 


1,190 

0 

460 

0 

1,930,490 

16, 480 

1,  729, 470 


1 
0 
0 
0 

1,266 
11 

1,134 


August 

September 

October 

November 

December 

Total.... 


19,500 
237 
232 

645 

74 


119, 781 


476, 860 

0 

4,050 

7,490 

0 


4,166,490 


312 
0 
3 
6 
0 


2,732 


1929 


January 

25 

71 

664 

1,070 

23,700 

19,100 

12,600 

0 

0 

14, 490 

16,580 

714, 310 

564,  280 

253,  610 

0 

0 

9 

11 

468 

370 

166 

August 

6 

54,800 

898 

62 

0 

1, 874, 150 

4,990 

0 

0 

0 

February 

March      

September 

October... 

1,229 
3 

April 

0 

May 

December  .      .i                4 

0 

Total 

Jnly 

112,990 

3,442,310 

2,256 

1930 


January.. 
February 
March... 

April 

May 

June 

July 


2 

3 

4 

28,000 

97,200 

19,300 

554 


0 

0 

0 

820,  670 

5, 090,  370 

531, 180 

3,140 


0 

0 

0 

538 

3,339 


August 

September. 

October 

November.. 
December.. 

Total. 


Ill 
5,950 

11,400 
1,370 

12,200 


1/0,1 


230 

72,660 

318,600 

5,960 

716, 110 


7,  568, 820 


4 
470 


4,968 


Table  26. — Silt  determinations,  Salt  Fork  of  the  Brazos  River, 

1924-25 

1924 


Aspermont, 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June  (4-30) 

July-  . 

Acre-feet 

21",  800 

1,370 

157 

8,590 

1,240 

Tons 

423,060 

8,950 

210 

256,280 

11,460 

Acre-feet 

278 

6 

0 

168 

7 

November 

December 

Total.... 

Acre-feet 

7 

•       25 

Tons 
0 
0 

Acre-feet 
0 
0 

September 

October 

33, 189 

699,960 

459 
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Table  26. — Silt  determinations,   Salt  Fork  of  the  Brazos  River,  Aspei-mont, 

1924-25— Continued 


1925 


Month 

Discharge 

Silt 

Month 

Discharge 

Sflt 

January 

Acre-feet 

199 

38 

5 

59.900 

13.200 

Tons 

m 

0 

3,203,290 

276,700 

Acre-feet 

0 

0 

0 

2,101 

181 

June 

Acre-feet 

4,610 

5.300 

21.200 

Tons 
84,250 
350,820 
705,530 

Acre-feet 
55 

February 

July 

230 

March 

August  (1-29)-. 
Total.... 

463 

April 

May 

104. 352 

4, 620, 240 

3  030 

TABLE  27. — Silt  detemUnations, 


Clear  Fork  of  the  Brazos  River,  EUasmlle, 
1924-25 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June  (3-30) 

July 

Acre-feet 

6.630 

4 

131 

89.900 

1,370 

Tons 

2,360 

0 

0 

398,280 

260 

Acre-feet 

0 

0 

261 

0 

November 

December 

Total 

Acre-feet 
95 
364 

Tons 
11 
0 

Acre-feet 
0 
0 

September 

October 

98,484 

400,911 

262 

1925 

January 

417 

93 

18 

16,800 

83,700 

0 

0 

0 

63,170 

538,420 

0 

0 

0 

36 

353 

June 

4,830 
3.240 
12,900 

710 

700 

12,030 

0 

February 

July 

0 

March 

August 

8 

April 

Total.... 

M&y  .....'." 

121.998 

605,030 

396 

Table  28. — Silt  determinations,  Clear  Fork  of  the  Bra^sos  Ri/ver,  Crystal  FdlU, 

1925-28 

1925 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

September 

October 

November 

Acre-feet 
78.000 
24.200 
3.030 

Tons 
295.640 
36,610 
260 

Acre-feet 

194 

23 

0 

December 

Total.... 

Acre-feet 
695 

Tons 
63 

Acre-feet 
0 

106,926 

331.473 

217 

1926 


January 

577 

189 

6,930 

28,600 

18,100 

36 

7 

3,160 

84,130 

34,170 

0 

0 

2 

55 

22 

August 

7,680 

10,600 

16,600 

353 

38,900 

7,110 

15,350 

29,880 

38 

144.300 

5 

February 

March 

September 

October 

November 

December 

Total 

10 
20 

April 

0 

I^y 

95 

July. 

12,200 

13.460 

9 

139,629 

331.630 

218 

1927 


January 

1,390 
3,460 
6,670 

63,700 

496 

6,870 

25,000 

110 

420 

1,220 

366,830 

44 

4.720 

48.260 

0 
0 
1 
240 
0 
3 
32 

August 

927 

12,400 

4,610 

333 

166 

150 

49, 110 

3,150 

1 
9 

0 

February 

March        .    .. 

September 

October 

November 

December 

Total 

32 

2 

April 

0 

May 

0 

July I 

126,010 

473,014 

310 

Stage  beyond  limit  of  rating  curve  3  days  during  the  month,  hence  discharge  not  determined. 
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Table  28. — Silt  determinations.  Clear  Fork  of  the  Brazos  River,  Crystal  Falls, 

1925-28— Continued 


1928 

Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January. 

Acre-feet 
164 

S 

0 
197,000 
33,700 
63,800 

Tons 

200 

0 

0 

0 

1,196,760 

130,080 

217, 620 

Acre-feet  I 

0  1 

1 

August 

Acre-feet 

47,600 

1,640 

316 

3,610 

861 

Tons 

179,200 

1,760 

0 

2,120 

58 

Acre-feet 
117 

February 

March 

September, 

October... 

November 

December 

Total.... 

1 

Q 

April 

1 

I^y 

0 

July 

338,590 

1, 727, 798 

1  132: 

Table  29. — Silt  determinations,  Brazos  River  at  Seymour,  1924-SO 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

sut 

June  (6-30) 

July 

Acre-feet 

43,000 

646 

737 

27,400 

6,640 

Tons 

1,114,020 

1,270 

4,420 

782,  350 

59,360 

Acre-feet 

731 

1 

3 

513 

39 

November 

December 

Total.... 

Acre-feet 
6 
0 

Tons 
0 
0 

Acre-feet 
0 
0 

September 

October.. 

78,329 

1,961,420 

1,287 

1926 


January... 

282 

208 

0 

92,800 

22,300 

6,810 

3,840 

0 

0 

0 

4,009,630 

477,660 

98,  540 

34,300 

0 
0 
0 
2,630 
313 
65 
22 

64,800 

186,000 

18,000 

3,960 

309 

2, 315, 930 

5,  376,  630 

227,990 

13,  530 

27 

1,  519' 

February 

March 

September 

October.. 

November 

December 

Total 

3,626 
150 

April  -    

9 

May 

0' 

July 

398,309 

12,664,137 

8,234 

January 

February 

March 

797 
22 
6,910 
60,100 
34,000 
44,600 
34,700 

760 

0 

117,670 

1,  442,  310 

999,  210 

1, 156, 170 

739, 860 

0 
0 

77 
946 
665 
758 

485 

August 

161,000 
42,500 

212,000 
8,960 
9,760 

3,  597,  770 
874, 110 

4,  253,  620 

47,350 
47,890 

2,360 

September 

October 

November 

December 

Total.  ... 

573 
2,790 

April. 

31 

May 

31 

July... 

605, 349 

13,  276,  510 

8,70& 

1927 


January     .  .. 

9,770 
6,830 
1,910 
3,010 
8,700 
31,700 
31,700 

77,790 

57,990 

1,760 

6,900 

96,810 

534,900 

583,670 

51 

38 

1 

6 

63 

361 

383 

August..    --  .- 

1,340 

4,120 

1,250 

80 

197 

4,760 
36,660 

1,680 
0 
0 

3^ 

February 

March 

September 

October. 

November 

December 

Total.-.. 

24 
1 

April 

0 

May 

0 

July..- 

100,607 

1,402,810 

920 

19 

28 

January 

405 

293 

1,180 

0 

103,000 

11,200 

73,200 

66 

100 

3,080 

0 

3,152,500 

43,000 

2, 468, 330 

0 

0 

2 

0 

2,068 

28 

1,619 

_    „.-. 

August 

34,400 

857 

0 

708 

136 

552,400 
430 

0 
660 

9 

362 

February 

March 

September 

October 

November 

December 

Total.... 

0 
0 

April 

1 

May 

0 

July.-I.. 

226,378 

6,  220,  574 

4,080' 
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Table  29. — SUt  determinations,  Brazos  River  at  Se\tmour,  1924-30 — Continued 

1929 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January 

Acre-feet          Tons 

0                  0 

Acre-feet 

0 

0 

2 

3 

265 

638 

294 

August 

Acre-feet 

31 

121,000 

8,300 

1,450 

126 

Tons 

8 

3,361,910 

52,660 

1,570 

28 

Acre-feet 
0 

February 

March 

388 

2,340 

2,060 

31,800 

36.400 

29.100 

79 

2,420 

6,040 

403,190 

820,890 

448,910 

September 

October. 

November 

December 

Total 

2,205 
34 

April 

1 

]/ay 

0 

July.-I 

231,445 

5,096,606 

8,342 

1930 


January.. 
February 
March- -. 

AprU 

May 


204 

80 

344 

190 

111 

23 

128,000 

2,342,980 

187,000 

5,  220,  360 

0 

0 

0 

1,537 

3,424 


June 

July  (1-13). 


Total. 


107,000 


423,466 


2, 669, 980 
660 


10, 234, 273 


1,751 
0 


6,712 


Table  30. — Silt  determinations,  Brazos  River  near  Mineral  Wells,  1924-30 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June  (2-30) 

July 

Acre-feet 

60,100 

1,060 

113 

144,000 

6,400 

Tons 

366,330 

210 

25 

1,502,690 

1,400 

Acre-feet 

240 

0 

0 

986 

1 

November 

December 

Total.-.. 

Acre-feet 

275 

66 

Tons 
47 
0 

Acre-feet 
0 
0 

September 

October 

201,014 

1,870,702 

1,227 

1926 


January.. 
February 
March... 

April 

May 

June 

July 


461 

308 

6 

166,000 

372,000 

20,600 

7,020 


56 

0 

0 

5,282,960 

4, 238, 190 

28,170 

970 


0 

0 

0 

3,465 

2,780 

18 

1 


August 

September - 

October 

November.. 
December.. 

Total. 


66,200 

435,000 

68,700 

12,700 

1.560 


1, 149,  455 


1, 691, 730 

8,  487, 120 

187, 930 

10,560 

450 


19, 928, 136 


1,110 

5,567 

123 

7 

0 


13,071 


1926 


January.. 
February 
March -.- 

April 

May 

June 

July 


5,070 

1,160 

20,400 

115,000 

67,200 

233,000 

104,000 


2,660 

150 

89,290 

1,557,080 

453,200 

2, 390,  720 

1,  026,  440 


August 

September. 

October 

November - 
December.. 


Total 


229,000 
116,000 
343,000 
20.600 
124,000 


1,368,330 


3,  828,  560 

1, 020,  210 

6, 649, 990 

8,230 

681,390 


17,707,920 


2,511 
669 

4,362 

6 

447 


[1,614 


1927 


January.. 
February 
March... 

AprU 

May 

June 

July 


18,000 
26,200 
43,700 
129,000 
10.100 
82,900 
66,100 


7,070 

14,460 

119,420 

805,220 

2,960 
953,140 
437, 050 


5 

10 

78 

528 

2 

626 

287 


August 

September. 

October 

November. 
December.. 

Total 


13,100 

12,300 

41,300 

1,310 

621 


443,631 


51,800 

33,660 

237,980 

89 

82 


2, 662, 931 


34 
22 
166 
0 
0 


1,747 


62 


TECHNICAL   BULLETIN    3  8  2,    U.S.   DEPT.    OF   AGKICULTUKE 


Table  30. — Silt  detenninatUms,   Brazof<  River  near  Mineral  Wells,   192.'f-30 — 

Continued 

1928 


Month 


January.. 
February 
March... 

April 

May 

June 

July 


Discharge 


Acre-feet 

1,600 

828 

738 

3,060 

373,000 

190,000 

196,  000 


Silt 


Tons 

190 

110 

110 

930 

4, 709, 370 

1,  541,  560 

2, 821,  340 


Acre-feet 

0 

0 

0 

1 

3,089 

1,011 

1,850 


Month 


August 

September.. 

October 

November.. 
December.. 

Total. 


Discharge 


Acre-feet 

156,000 

26,400 

781 

13,200 

3,070 


SUt 


Tons 

1,  228, 170 

110,730 

450 

15,  390 

300 


964, 677     10, 428, 650 


Acre-feet 

806 

7S 

0 

la 
a 


6.840 


1929 


January.. 
February 
March... 

April 

May 

June 

July 


11,600 

983 

7,010 

15,700 

224,000 

64, 900 

48,100 


49,  310 

110 

1,570 

36,  840 

2,  734, 920 

809,800 

286,  470 


32 

0 

1 

24 

1,794 

531 

188 


August 

September. 

October 

November. 
December- 
Total 


1,310 

325,000 

46,900 

7,140 

3,480 


756, 123 


140 

5,  053,  340 

163,  270 

970 

1,020 


9, 137,  760 


Oi 

.314 

107 

1 

1 


1930 


January. - 
February 
March... 

April 

May 

June 

July 


1,060 

1,420 

812 

60,  700 

604, 000 

369,000 

20,800 


1,411,820 

8,  516,  250 

2,  801,  300 

21, 170 


0 

0 

0 

926 

5,586 

1,837 

14 


August 

September 

October 

November 

December 

Total.... 


6,820 
39,200 

450,000 
18,800 

125,000 


1,  697,  612 


900 

211, 120 

3,  861,  610 

37,  640 

1,161,510 


18,  023,  666 


1 

139- 

2,533 

25 
762 


11,823 


Table  31. — Silt  determinations,  Brazos  River,  Glen  Rose,  1924-29 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June 

Acre-feet 

86,300 

1,660 

1,110 

122,000 

12,400 

Tons 

570, 240 

0 

0 

1, 373, 110 

6,070 

Acre-feet 

374 

0 

0 

901 

4 

November 

December 

Total.  ... 

Acre-feet 
3,040 
1,440 

Tons      1  Acre-feet 
0  1                0 

July 

0                  0 

September 

October 

227,950 

1,949,420 

1,  279 

1925 


January.. 
February 
March... 

April 

May 

June 

July 


1,680 

1,220 

368 

127,000 

412,000 

16,800 

7,780 


0 

0 

0 

3, 082,  670 

5, 348, 960 

650 

0 


0 
0 
0 
2,022 
3,508 
0 
0 


August 

September.. 

October 

November.. 
December... 

Total. 


46, 300 
357,000 
119,000 

26,500 
4,130 


1, 119, 778 


1,  228,  960 

6,  247,  740 

901, 610 

39,100 

560 


16, 850,  250 


806 

4,  098 

591 

26 

0 


11, 051 


1926 


January.. 
February 
March... 

April 

May 

June 

July 


19,200 
2,680 

24,100 
168,000 
113,000 
314,000 
137,000 


87,060 
370 
108,980 
2,  672,  510 
1,108,670 
4,  667, 450 
1, 309,  200 


57 

0 

71 

1,753 

727 

3,061 

859 


August 

September. 

October 

November. 
December.. 

Total 


239,000 
218,000 
354,000 
40,100 
143,000 


1,772,080 


3,  829,  520 
2, 843, 710 
6,  262, 690 
22,690 
1, 689,  600 


24, 602, 450 


2, 512: 
1,865- 
4,108- 
15 
1,108. 


16, 136 
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Table  31. — Silt  (letcnnination)^,  lirazos  Hirer,   Glen  Rose,  1921^-29 — Continued 

1927 


Month 

Discharge 

sut 

Month 

Discharge 

Silt 

January 

Acre-feet 
24,900 
32,800 
71,300 

175,000 
30,000 

102,000 
72,400 

Tons 

8,940 

17,300 

329,670 

2,413,990 

197, 260 

1,518,980 

659, 770 

Acre-feet 

6 

11 

216 

1,583 

129 

996 

433 

1 

August 

Acre-feet 
24.700 
19,000 
87,900 
3,360 
10.200 

Tom 

79.570 

25.770 

728,830 

0 

4.990 

Acre-fed 
62 

February 

March 

September 

October 

November 

December 

Total.... 

17 
478 

April        

Q 

May 

3 

June 

July 

653.660 

5.985.070 

3.924 

1928 


January- 
February 
March... 

April 

May 

June.. -p. 
July 


3,710 

I 

2,286.630 

11,800 

3,440 

33,600 

338,000 

231,000 

197,000 

1,500 

August 

September. 

October 

November. 
December.. 

Total 


201,000 

52,600 

1,790 

14,400 

41,600 


1.129,840 


1,083,460 
117.490 
0 
(0 
(>) 


3.487,580 


711 
77 
0 


Silt  record  incomplete. 


1929 


January.. 
February 
March... 

April 

May 


36,600 
16,400 
20,800 
44,300 
236,000 


283,330 

■S6 

76,720 

50 

14,960 

10 

393,060 

268 

3,440,840 

2,257 

June 

July 

August 

Total 


114,000 
44,100 
4,700 


516,900 


1,  299, 110 

220,160 

3,310 


5, 731, 490 


144 
2 


3,759 


Table  32. — Silt  determinations,  Brazos  River,  Waco,  1924-30 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

sut 

June      .... 

Acre-feet 

130,000 

5,610 

4.590 

115,000 

18,600 

TOTlt 

776,880 

460 

2,090 

1, 154, 760 

21,980 

Acre-feet 

510 

0 

1 

767 

14 

November 

December 

Total... - 

Atre-feet 
10,400 
9,070 

Tons 
2,420 
1,010 

Acre-fed 

July 

1 

Aiiaiiaf' 

September 

October 

293,270 

1.959.600 

1.28& 

1925 


Jannary  , 

8.980 
3.500 
2,080 

79,300 
499,000 

18,500 
4.660 

0 

0 

0 

1.843,960 

7,667,020 

6,630 

860 

0 
0 
0 
1,210 
6.022 
4 
1 

August  .. 

43,200 
360,000 
166,000 

74,200 
9,390 

876, 980 
7,001.770 
1.266.840 

205.670 
1.390 

675 

February 

March 

September 

October 

November 

December 

Total 

4.692 
830 

April 

135 

May 

1 

July 

1,268,810 

18,868.920 

12.370 

1926 


January.. 
February 
March... 

April 

May 

June 

July 


94,800 
19,600 
111.000 
407,000 
184,000 
346,000 
220,000 


387.960 

256 

3.920 

3 

669.660 

439 

4,418,640 

2.898 

1.768,300 

1.160 

4.384,480 

2.876 

2,019.260 

1,324 

1 

August 

September. 
October — 
November. 
December.. 

Total 


166,000 
286,000 
332,000 
38,700 
102,000 


2,307,100 


3,189,260 

3,986,940 

6,979,080 

63,460 

690,600 


28,660,340 


a;  092 

2.614 

4,678 

35 

463 


18,727 
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Table  32. — Silt   determhmtions,  Bra^zos  River,   Waco,   I92'f-S0 — Continued 

1927 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January 

Acre-feet 
34,100 
68,400 
112,000 
271,000 
126, 000 
508,000 
105,000 

Tons 

22,620 

74,240 

509,300 

1,998,030 

772, 190 

5,719,080 

477, 370 

Acre-feet 

15 

49 

334 

1,311 

506 

3,751 

313 

August 

Acre-feet 
39,100 
19,700 
142,000 
7,910 
12,700 

Tons 

134, 690 

16, 210 

1, 096, 550 

610 

9,470 

Acre-feet 
88 

February 

March 

September 

October „ 

November 

December 

Total 

11 
719 

April 

0 

May 

6 

July 

1,446,910 

10,830,260 

7,103 

January- 
February 
March... 

April 

May 

June 

July 


11,200 
57,500 
25,000 
111,000 
347,000 
330, 000 
162,000 


4,280 

181,670 

18,600 

970,920 

6,140,810 

3,400,330 

2,522,830 


3 

119 

12 

637 

4,028 

2,230 

1,655 


August 

September 

October 

November 

December 

Total... 


209,000 

61,300 

5,140 

9,940 

46,100 


1, 375, 180 


1, 882, 270 

308, 970 

630 

4,690 

167, 760 


15, 603, 760 


1,236 

203 

0 

3 

110 


10,235 


1929 


January- 
February 
March... 

April 

May 

June 

July 


45, 700 
24,700 
52,200 
138,000 
361,000 
177,000 
41,600 


251, 310 
113,320 
134, 280 
703, 070 
4, 208, 230 
1, 429, 230 
163, 120 


165 
74 
88 

461 
2,760 

937 

107 


August 

September. 

October 

November. 
December- 
Total 


10,100 
389,000 
50,500 
24,500 
16,000 


1, 330, 300 


28,540 

6,432,940 

220, 670 

10,290 

3,980 


13, 698, 980 


19 

4,219 

145 

7 

3 


8,985 


1930 


January  . 

7,620 
28,800 
16,600 
26,400 
922,000 
359,000 
41,100 

680 

89, 180 

42,860 

260, 180 

12,511,440 

2,752,210 

8,360 

0 

58 

28 

164 

8,206 

1,805 

6 

August       . 

14,400 
63,100 

633,000 
70,200 

278,000 

5,680 
164,940 

6,198,480 
170,060 

1, 953, 460 

4 

February 

March  

September 

October. 

November 

December 

Total.... 

■ 

108 
4,066 

April 

112 

May 

1,281 

July 

2, 460, 120 

24, 147, 530 

15,838 

Table  33. — Silt  determinations,  Brazos  River,  Rosenberg,  1924-30 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

sut 

June  (11-30).... 
July. 

Acre-feet 
252,000 
88,800 
46,100 
108,000 
83,800 

Tons 
343, 300 
26,360 
2,240 
342, 320 
205,040 

Acre-feet 

225 

17 

1 

225 

134 

November 

December 

Total.... 

Acre-feet 
41,000 
45,100 

Tons 
4,450 
2,970 

Acre-feet 
3 
2 

September 

October... 

664, 800 

926, 680 

607 

1925 


January- 
February 
March  ... 

April 

May 

June 

July 


44,100 
34,400 
30,900 
27,000 
514,000 
52,700 
31,900 


4,500 
1,370 
2,300 
2,740 
8,427,090 
15,  330 
3,390 


3 
1 
2 

2 

,527 

10 

2 


August 

September. 

October 

November. 
December.. 

Total 


42,400 

290,000 

991,000 

1,120,000 

95,800 


3, 274,  200 


158,  690 

3, 848,  840 

6,  236, 050 

4, 019,  620 

20,920 


22,  740, 840 


104 

2,524 

4,090 

2,637 

14 


14, 916 
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Table  33. — Silt  determinations,  Brazos  River,  Rosenberg,  1924-SO — Continued 


1928 


Month 

Discharge 

sut 

Month 

Discharge 

Silt 

January 

February 

March 

Acre-feet 
639,000 
186,000 
955,000 
2,190.000 
1,240,000 
462,000 
372,000 

Tons 

2,110,080 
106,740 
3,603,110 
13,300,030 
3, 676, 190 
3, 596, 730 
2,039,020 

Acre-feet 
1,384 
70 
2,363 
8,724 
2,411 
2,359 
1,337 

August 

September 

Oetober 

November 

December 

Total.... 

Acre-feet 
272,000 
340,000 
383,000 
203,000 
701,000 

Tons        Acre-feet 
1,527,260             1,002 
4,703,610  I          3,085 
6,133,660            4,023 

April 

706,870  i             464 

2,899,910  1          1,092 

July 

7,843,000 

44,403,200 

29,124 

1927 


January. - 
February 
March... 

April 

May 

Jane 

July 


292,000 
544,000 
679,000 
961,000 
421,000 
838,000 
378,000 


625, 210 
2, 167, 930 
2,  459,  250 
7,965,830 
1,  528, 830 
8, 801,  100 
1,040,010 


410 
1,422 
1,613 
5,225 
1,003 
5,773 

682 


August 

September.. 

October 

November... 
December.. - 

Total.. 


104,000 
58,600 

599,000 
81,500 
82,400 


5,038,500 


9,640 

,953,910 

8,440 

27,970 


29, 627, 200 


6 

3,249 

5 

18 


19, 432 


1928 


January.. 
February 
March... 

April 

May 

June 

July 


85,500 
318,000 
298,000 
214,000 
295,000 
815,000 
161.000 


32,100 
3,  278, 570 
423,230 
562,750 
5,009,890 
9, 028, 140 
1, 074, 180 


21 

2,150 

278 

369 

3,286 

5,922 

705 


August 

September.. 

October 

November.. 
December.. 

Total. 


264,000 
105,000 
37,600 
40,800 
231,000 


2,864,900 


3, 423, 140 

341, 570 

5,160 

5,480 

700.140 


23,884,350 


2,245 

224 

3 

4 

459 


15,666 


1929 


January- 
February 
March... 

April 

May 

June 

July 


328,000 
96,100 

296,000 

708,000 
1,130,000 
2, 360, 000 

322,000 


948,760 
60,540 

933,750 
5, 458,  680 
9,950,970 
8, 074, 860 

471, 810 


622 
40 

612 
3,580 
6,527 
5,296 

309 


August 

September.. 

October 

November.. 
December.. 

Total. 


67,500 
393,000 

86,100 
555,000 

97,800 


6,  429,  500 


5,340 

5, 668, 710 
31,800 

1,978,010 
31.270 


33, 614,  500 


4 
3,718 

21 
1,297 

20 


22,046 


January.. 
February 
March... 

April 

May 

June 

July 


214,000 
406,000 
238,000 
134,000 
2,600,000 
582,000 
128,000 


423,  770 

877, 950 

318,600 

72,880 

30, 476, 030 

4, 357, 970 

76, 570 


278 
576 
209 
48 
19,989 
2,858 
50 


August-. 

September 

October 

November 

December 

Total 


58,000 
118,000 
916,000 
212,000 
935,000 


6,543,000 


3,120 

38,360 

8,  317,  770 

540,620 

6, 314, 890 


51,818,530 


2 

25 

5,456 

355 

4,142 


33,988 


Table  Z4.—Silt  determinations.  Little  River,  Little  River,  1924-29 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June  (8-30) 

July 

Acre-feet 
23,100 
8,560 
4,160 
16,600 
4,000 

Tons 

1,970 

180 

0 

21,190 

480 

Acre-feet 

0 
0 
14 
0 

November 

December 

Total 

Acre-feet 
3,620 
4,410 

Tons 
170 
170 

Acre-fed 
0 
0 

August 

September 

October 

64,340 

24,160 

15 
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Table  34. — Silt  determinations,  Little  River,  Little  River,  1924-29 — Continued 

1925 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January... 

February 

March 

Acre-feet 
4,000 
3,200 
2,970 
6,010 
40,700 
2,220 
1,310 

Tons 

170 

15 

78 

2,810 

189, 480 

110 

57 

Acre-feet 
0 
0 
.0 
2 
124 
0 
0 

August 

September 

October 

November 

December 

Total 

Acre-feet 

1,380 

16,500 

50,700 

93,200 

6,820 

Tons 

94 

151,400 

309,  830 

418,  770 

410 

Acre-feet 

0 

99 

203 

April 

275 

May 

0 

July 

227,010 

1, 073,  224 

703 

1926 


January. 
February 
March... 

April 

May 

-June 

July 


38,700 
16,300 
99,900 
304,000 
125,000 
55,500 
74,700 


30,  610 
970 
339,  740 
,  303, 880 
171, 880 
96,  740 
240, 260 


20 

1 

223 

855 

113 

64 
158 


August 

September. 

October 

November.. 
December- 
Total. 


11,400 
8,230 

21,900 
6,790 

11,300 


773, 720 


1,650 

720 

20,890 

430 

750 


2,  208, 620 


1,449 


1927 


-January.. 
February 
March... 

April 

May 

June 

July 


99,300 
68,500 
98,800 
65,000 
135,000 
27,900 


208,610 
21,650 
359, 930 
128,  270 
524,  570 
18,  540 


0 
137 

14 
236 

84 
344 

12 


August. , 

September 

October 

November 

December 

Total... 


5,760 
3,910 
119,000 
12,600 
14,700 


660, 450 


320 

190 

324, 130 

4,150 

850 


1,691,450 


0 

0 

213 

3 

1 


1,044 


1928 


January.. 
February 
March... 

-April 

May 

June 

July 


9,840 
32,700 
27,100 
20,000 
32,200 
78,600 

8,120 


590 

16, 780 

1,890 

2,190 

77,660 

415,800 

4,210 

0 

11 

1 
1 

51 

273 

3 


August 

September 

October 

November 

December 

Total 


16,800 
6,130 
1,760 
1,850 
8,670 


243,  770 


8,910 
590 
77 
120 

2,550 


531, 367 


348 


1929 


January.. 
February 
-March... 


13,500 
6,220 
17,000 


20,320 

670 

10, 390 


April 

May  (1-27). 

Total. 


38,300 
39,100 


114,120 


121, 930 
110,320 


263,  630 


172 


Table  35. — Silt  determitiations,  San  Oahriel  River,  Circleville,  1924- 

1924 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

June  (7-30) 

July 

Acre-feet 
8,930 
5,480 
2,210 
2,040 
1,070 

Tons 

420 

0 

210 

1,490 

130 

Acre-feet 
0 
0 
0 

1 
0 

November 

December •. 

Total.  ... 

Acre-feet 
1,350 
1,420 

Tons 
130 
39 

Acre-feet 
0 
0 

September.""^! 
October 

22,600 

2,419 

1 
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Table  35. — Silt  determinations,  San  Oahriel  River,  Circleville,  1924-29 — Contd. 

1925 


Month 

Discharge 

sut 

Month 

Discharge 

sut 

Acre-feet 

1.610 

968 

962 

1,500 

10,300 

262 

221 

Tons 

150 

0 

17 

200 

63,140 

20 

18 

Acre-feet 

41 
0 

0 

August 

Acre-feet 
2,310 
4,240 
20,600 
16,400 
2,870 

Tons 

1,260 

3,470 

117,760 

47,460 

94 

Acre-feet 

February 

March 

September 

October 

November 

December 

Total 

2 

77 

April 

31 

May 

0 

July 

62,033 

233.589 

152 

1926 


Januar}'     ..  .. 

23,100 
10,800 
27,100 
48,900 
49,700 
11,800 
10,000 

6,000 

290 

78,840 

415,770 

179,890 

1,500 

16,980 

4 

0 

52 

273 

118 

1 

11 

August 

3,000 
1,580 
6,270 
2,070 
3,700 

370 
130 
2,890 
110 
230 

0 

February 

March 

September 

October 

November 

December 

Total 

0 

2 

AprU 

0 

May 

0 

July 

198,020 

703,000 

461 

1927 


January- 
February 
March... 

April 

May 

June 

July 


3,900 
28,300 
23,100 
31,100 

9,590 
17,900 

2,630 


110 

0 

152. 370 

100 

22,290 

15 

46,340 

30 

1.630 

1 

20,220 

13 

330 

"1 

August 

September. 

October 

November. 
December.. 

Total 


707 

643 

43,300 

3,340 

2,100 


166, 510 


50 
11 
126,040 
43 
82 


369, 516 


242 


1928 


January.. 
February 
March... 

April 

May 

June 

July 


2,000 
8,340 
8,180 
3,860 
4,190 
5,680 
1,330 


45 

0 

4,090 

3 

460 

0 

360 

0 

2,920 

2 

5,780 

4 

1,140 

1 

August 

September. 

October 

November. 
December.. 

Total 


474 
415 


613 
1,050 


36, 621 


14,941 


1929 


January.. 
February. 

March 

April 

May.r — 
June 


1,060 
922 
2,470 
8,930 
80,600 
11,500 


81 

0 

70 

0 

11,830 

8 

40,520 

27 

457,  230 

300 

1,180 

^ 

July 

August 

September. 
October — 

Total 


4,330 

1,460 

750 

744 


112,766 


511, 339 


336 


Table  36. — Silt  determinations,  San  Antonio  River,  Falls  City,^  1927S0 

1927 


Month 

Discharge 

sut 

Month 

Discharge 

Silt 

September 

(13-30) 

October 

Acre-feet 
2,940 

10,700 

Tons 
1,080 

14.700 

Acre-feet 
10 

November 

December 

Total-.. 

Acre-feet 
4,090 
7.190 

Tons 
36 
630 

Acre-feet 
0 
0 

24,920 

16,346 

11 

>  Samples  were  taken  at  San  Antonio  and  Aransas  Pass  R.R.  bridge  in  Fall  City,  about  3H  miles  north- 
east of  the  gaging  station. 
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Table  36. — Silt  determin^ition,  Son  Antonio  River,  Falls  City,  1921-30 — Coutd. 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

January.- 

February 

March 

Acre-feet 
7,440 
5,810 
9,960 
8,090 
20,500 
17,000 
5,400 

Tons 

790 

530 

10,160 

9,940 

107,  360 

105,  380 

830 

Acre-feet 
1 
0 
7 
7 
70 
69 
1 

August 

Acre-feet 
3,190 

10,200 
7,690 

12,400 
9,650 

Tons        Acre-feet 
150                  0 

September 

October. 

November 

December 

Total 

15,760  !               10 
6,780                   4 

April 

25, 730                  17 

May 

5, 710                    4 

July — . 

117,  330 

289,120 

190 

1929 


January.. 
February 
March... 

April 

May.-... 

June 

July 


7,930 
6,660 
10,000 
11,800 
81,800 
13,800 
14,100 


2,270 
390 
21,050 
39, 340 
398, 150 
27, 320 
10, 890 


1 
0 

14 

26 

261 

18 

7 


August 

September. 

October 

November.. 
December.. 

Total. 


4,590 
6,430 
8,120 
6,720 
9,220 


181, 170 


370 

680 

3,820 

1,000 

2,480 


507,  760 


333 


isao 


January.. 
February 
March... 

April 

May 

June 

July 


8,670 

200 

7,160 

1,240 

8,120 

490 

7,740 

960 

12,100 

25,620 

12,600 

23,060 

6,460 

1,400 

August 

September - 

October 

November.. 
December.. 

Total. 


3,540 
3,430 
6,050 
6,070 
5,260 


87,200 


400 

1,770 

550 

81 


55,  740 


36 


Table  37. — Silt  determinations,  Nueces  River,  Three  Rivers,  1927-30 

1927 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

October... 

November 

Acre-feet 

118,000 

362 

Tons 
178, 670 
34 

Acre-feet 

117 

0 

December 

Total 

Acre-feet 
713 

Tons 
1,630 

Acre -feet 

1 

119,075 

180, 334 

118 

1928 


January- 
February 
March... 

April 

May 

June 

July 


251 

771 

2,810 

2,230 

108,000 

48,100 

2,290 


43 
350 
14,  250 
11,140 
199, 840 
105,000 
5,910 


0 
0 
9 

7 
131 


August- 

September 

October. 

November 

December 

Total 


14,800 
20,600 
30,900 
8,630 
5,730 


245, 112 


25, 440 
75,  610 
22,  370 
36,280 
14,920 


511, 153 


336 


1929 


January.. 
February 
March... 

April 

May 

June 

July 


4,950 

179 

82,400 

56,800 

225,000 

280,000 

25,900 


23,  490 

15 

333,400 

173,  710 

524, 440 

69,120 

72,100 


15 
0 
219 
114 
344 
45 
47 


August 

September 

October 

November 

December 

Total 


3,310 
17,500 
56,800 

2,760 
14,800 


770, 399 


3,420 
30,  340 

18, 880 

2,260 

40,580 


1, 291,  765 


846 
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Table  37. — Silt   determinations,   Nueces  River,   Three   Rit^ers,  1927-30 — Contd. 

1930 


Montb 

Discharge 

sut 

Month 

Discharge 

Silt 

January 

Febraary 

Acre-feet 

873 

476 

7.690 

50.800 

210.000 

209.000 

42,900 

Tons 

82 

97 

11,760 

168.730 

314,  &10 

129.600 

^680 

Acre^eet 

0 

0 

8 

HI 

206 

85 

23 

August 

Acre-feet 

46 

363 

28,500 

21,200 

539 

Tons 

4 

360 

39.980 

25,830 

45 

Acre-fed 
0 

September 

October... 

November 

December 

Total.— 

0 
26 

Aittii 

17 

\ray          .    .. 

0 

June ^ 

July „ 

572,386 

726,678 

476 

Table  38. — 8Ut  determinations,  Colorado  River  of  Texas  near  San  Saha,  1930 


Month 

Discharge 

sut 

Month 

Discharge 

Silt 

Sept.  (11-30)-.. 

October 

November 

Acre-feet 

24.000 

941,000 

31,100 

Tons 
143, 140 
4,204,830 
3,290 

Acre-feet 

94 

2,758 

2 

December 

Total 

Acre-feet 
75.000 

Tons 
343,220 

Acre-feet 
225 

1,071.100 

4,694.480 

3,079 

Table  39. — Silt  determinations,   Colorado  River 

1927 


of   Texas,   Ton;   1927-30 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

October.--* 

November 

Acre-feet 

189,000 

15,400 

Tons 
804,380 
640 

Acre-feet 

528 

0 

December 

Total-  — 

Acre-feet 
13,800 

Tons 
490 

Acre-feet 
0 

218,200 

805,510 

528 

1928 


January. - 
February. 

March 

April 

May 

June.T^ 

July 


11,400 
15,900 
12,000 
21,100 
248,000 
169.000 
173.000 


330 

1,540 

830 

9,410 

1,858,970 

870,560 

1, 087, 460 


0 

1 

1 

6 

1,217 

671 

713 


August 

September. 

October 

November. 
December.. 


Total. 


133,000 
70,200 
19,100 
16,400 
16,900 


896,000 


433,350 

155,430 

3,760 

2,560 

3,000 


4, 424, 200 


284 

102 

2 

2 

2 


2,901 


1029 


January.. 
February. 

March 

April 

»lay 

Jane 

July 


15,200 
10.100 
35.600 
61,300 
322,000 
66,000 
22,500 


2,620 

670 

14,550 

124,860 

445,390 

148,830 

4,010 


2 
0 
10 
82 
1,604 
98 
3 


August 

September. 

October 

November. 
December.. 


Total 


4,720 
111,000 
94,100 
10.900 

8.550 


761,970 


56 

671, 770 

470, 170 

1,320 

430 


3,884,676 


0 
441 


2.649 


1990 


January... 
February. 
March.... 

June 

July 


7.500 
6.280 
9.780 
6.630 
406.000 
233,000 
7,600 


250 

0 

580 

0 

1,080 

1 

220 

0 

2, 290, 470 

1,602 

1,  286. 130 

843 

13 

0 

August 

September. 
October — 
November. 
Decemt)er.. 


Total... 


13,600 
28,300 
916,000 
34,600 
95,300 


1, 763. 490 


1.070 

102,990 

3, 495, 620 

3.050 

275,600 


7,466.073 


2.293 

2 

181 
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Table  40. — Silt  detenmnations,  Colorado  River  of  Texa»^  Columbus,  1930 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

August  (3-31)- 

September 

October 

Acre-feet 
19,200 
50,300 

1,160.000 

Tons 
660 
19, 360 
7, 231, 960 

Acre-feet 

0 

13 

4,744 

November  J — 
December 

Total--.. 

Acre-feet 
168,000 
274,000 

Tons 

560,870 

825,410 

Acre-feet 
36a 
541 

1, 671, 500 

8,638,260 

5,666 

1  Beginning  Nov,  24,  discharge  records  at  Eagle  Lake,  Tex.,  used. 

Table  41. — Silt  determinations,  Rio  Grande,  Roma,  1929-^0 

1929 


Month 

Discharge 

Silt 

Month 

Discharge 

SUt 

March  (26-31).. 
April 

Acre-feet 
32,200 
185,000 
326,000 
184,000 
240,000 
276,000 

Tons 
17,080 

405, 340 
1,  594, 050 

321,  660 
1, 169, 860 
1,392,130 

Acre-feet 
11 
266 
1,046 
211 
767 
913 

September 

October 

November 

December 

Total--.. 

Acre-feet 
338,000 
252,000 
171,000 
192,000 

Tons 
2, 802, 470 
553, 060 
294,  590 
467, 050 

Acre-feet 

1,838- 

36a 

193: 

30& 

June 

July 

August 

2,196,200 

9,017,290 

5,914 

1930 


January- 
February. 

March 

April 

May 

June 

July 


146,000 
138,000 
99,000 
223,000 
406,000 
595,000 
131,000 


24,580 
176,  740 

26,  810 
1, 947,  290 
3,  578, 820 
3, 940, 640 

71,260 


16 
116 
18 

1,277 
2,347 
2,585 

47 


August 

September. 

October 

November. 
December- 


Total. 


246,000 

117,  ooa 

732,000 
336,000 
213,000 


3, 382, 000 


2,293,620 
291,880 

4,  573, 880 

409, 650 

42,950 


17,  318, 12Q 


1,504 
152 

3,000- 
269 
28- 


11,359 


Table  42. — Silt  determinations,  Neches  River,  Rockland^  1930 


Month 

Discharge 

Silt 

Month 

Discharge 

Silt 

August  (8-31)-- 
September 

Acre-feet 

3,600 

7,020 

56,900 

Tons 
150 
140 
27, 160 

Acre-feet 
0 
0 
18 

November 

December 

Total.— 

Acre-feet 
40,900 
230,000 

Tons 
9,030 
26,050 

Acre-feet 
6 

IT 

338, 420 

62, 530 

41 

Table  43. — Silt  determinations.  Red  River,  Denison,  1930 


Month 

Discharge 

SUt 

Month 

Discharge 

SUt 

August  (13-31). 

September 

October 

Acre-feet 

35,700 

55,900 

602,000 

Tons 
1,810 
37,540 
5,603,630 

Acre-feet 

1 

26 

3,610 

November 

December 

Total.... 

Acre-feet 
104,000 
498,000 

Tons 
215, 100 
4,010,860 

Acre-feet 

141 

2,63a 

1,295,600 

9;  768, 940 

6.407 
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INTRODUCTION 

Pasture  grass  at  its  best  has  long  been  considered  the  best  ration 
for  the  dairy  cow.  In  some  sections  of  the  world  where  the  climate 
is  such  that  pasture  grasses  thrive  especially  well,  the  dairy  cow 
obtains  almost  all  of  her  ration  in  tha  form  of  grass.  In  the  Nether- 
lands and  New  Zealand  especially,  the  winter  roughage  for  the  dairy 
cow  may  consist  entirely  of  hay  made  from  pasture  grasses,  silage 
made  from  pasture  grasses,  or  both  hay  and  silage. 

Recent  experiments  have  reestablished  the  fact  that  the  nutritive 
composition  of  gl-asses  may  vary  widely  according  to  their  stage  of 
maturity.  Immature  pasture  grass  is  a  highly  digestible  and  nutritious 
animal  food. 

There  would  be  many  advantages  to  the  livestock  man  in  keeping 
a  larger  area  of  his  farming  land  m  permanent  grasses  and  legumes. 
Saving  the  labor  of  cultivation  in  the  production  of  annual  crops, 
preserving  soil  fertility,  and  lessening  soil  erosion,  are  some  of  the 
important  advantages. 

In  most  regions  of  the  United  States  pasture  grasses  do  not  grow 
at  a  uniform  rate  through  the  growing  season.  Usually  the  most 
rapid  rate  of  growth  is  during  the  spring.  During  tliis  period  most 
farms  have  more  grass  than  can  be  consumed  by  the  livestock,  and 
a  considerable  amount  of  the  grass  matures.     It  is  essential:  (1)  To 

I  The  writers  are  indebted  to  Dan  Hansen,  associate  agronomist,  Bureau  of  Plant  Industry,  and  superin- 
tendent of  the  Huntley  (Mont.)  field  station,  for  his  assistance  in  carrying  on  the  experimental  work,  and 
to  Charles  B.  Parker,  Junior  chemist,  Bureau  of  Dairy  Industry,  who  did  the  analytical  work. 
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know  whether  the  changes  in  chemical  composition  of  grass  at  the 
various  stages  of  growth  are  reflected  in  the  rate  of  consumption  and 
yield  of  milk  by  the  dairy  cow;  (2)  to  know  how  best  to  preserve  the 
surplus  growth  of  grass  when  at  its  best  stage  of  growth,  to  be  fed  at 
other  seasons;  and  (3)  to  obtain  some  indication  as  to  what  extent 
the  high-producing  cow  can  be  expected  to  obtain  the  nutrients  she 
needs  for  maintenance  and  production,  from  grass  and  from  grass 
hay  or  grass  silage. 

To  obtain  such  information  an  experiment  was  started  at  the  United 
States  Experiment  Station  at  Huntley,  Mont.,  in  1928.  The  experi- 
ment was  planned  to  secure  the  yields  and  feeding  value  for  dairy 
cows  of  pasture  grasses  when  pastured  and  when  cut  at  different 
stages  of  maturity  and  fed  as  fresh  green  grass,  as  cured  hay,  and 
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FiQUBE  1.— Cows  on  irrigated  pasture  at  Huntley  field  station,  with  buildings  in  background. 

as  silage.  This  bulletin  gives  the  results  of  2  years^  work  on  tliis 
problem. 

The  4K-acre  plot  used  in  this  test  was  a  part  of  a  field  that  had  been 
seeded  to  alfalfa  in  1919,  and  used  as  an  alfalfa  hog  pasture  from  1921 
to  1924.  It  had  been  plowed  and  seeded  to  corn  in  1925.  In  the 
spring  of  1926,  it  was  seeded  at  the  rate  of  20  pounds  per  acre  to  the 
following  pasture-grass  and  legume  mixture,  now  known  as  the 
Huntley  mixture:  Awnless  bromegrass,  2  pounds;  orchard  grass,  5 
pounds;  meadow  fescue,  3  pounds;  perennial  ryegrass,  3  pounds; 
Kentucky  bluegrass,  4  pounds;  white  clover,  2  pounds;  and  alsike 
clover,  2  pounds. 

No  manure  or  fertilizer  other  than  the  droppings  of  the  grazing 
animals  has  been  applied  to  this  pasture  or  had  ever  been  applied  to 
the  soil  before  it  was  sown  to  pasture. 

THE  1928  EXPERIMENTAL  WORK 

In  1928  two  plots  containing  0.92  acre  each  were  reserved  for  grazing 
(fig.  1)  and  clipping.  The  remainder  of  the  pasture,  2.66  acres,  was 
used  for  the  production  of  hay  and  silage. 

The  results  of  the  experiment  in  1928  are  given  in  table  1. 


GRASSES   AS    FEEDING   VALUE    FOR   MILK    PRODUCTION  6 

Table  1. — Comparative  yields  and  feeding  value  of  pasture  grasses  when  grazed, 
when  clipped  and  fed  green,  and  when  fed  as  hay  and  as  silage,  1928 


Yield  and  feeding  value  of  grass  ■ 


Items  of  comparison 


When 


When 
clipped 
and  fed 

preen 


When 
fed  as 
hay 


When 
fed  as 
silage  1 


Average  daily  number  of  cows  per  acre number. . 

Duration  of  grazing  or  feeding  trial days.. 

Total  cow-days  per  acre - number.. 

Average  body  weight  of  cows  per  season * pounds.. 

Loss  in  body  weight  per  acre do 

Production  per  acre: 

Milk.. do— . 

Butterfat do 

Yield  of  roughage  per  acre do 

Yield  of  dry  matter  per  care do 

Average  consumption  of  feed  per  cow  per  day do 

Average  consumption  of  dry  matter  per  cow  per  day do 


1.84 

99 

182 

1,399 

314 

4,575 
177.4 


2.60 

99 

261 

1,258 

238 

4,041 

171.1 

»  21, 639 

6,669 

75.6 

19.8 


37 

22S 

1,332 

101 

5,195 

180.9 

»  7, 481 

6,601 

32.8 

27.3 


1.320 


309.2 
♦22,130 

5,676 
83.9 
21.2 


I  See  text,  page  6. 

*  73.8  percent  moisture,  green  weight. 


» 13.1  percent  moisture,  air-dry  weight. 
<  Qreen  weight. 


GRAZING  EXPERIMENT 

The  plot  used  for  grazing  was  divided  into  two  parts,  to  permit  alter- 
nate grazing  and  irrigation.  Milking  Holstein-Friesian  cows  were 
kept  on  the  pasture  day  and  night,  the  pasture  grass  being  their  only 
feed.  Three  cows  were  placed  on  the  pasture  May  19  and  during  the 
season  others  were  added  or  removed,  according  to  the  rate  of  growth 
of  the  grasses.  The  pasture  season  ended  August  25,  having  extended 
over  a  period  of  99  days. 

GRASS  CLIPPED  AND  FED  GREEN 

The  clipped  plot  was  also  divided  into  two  parts,  to  permit  alternate 
irrigating  and  cUpping.  It  was  planned,  in  order  to  make  the  clipping 
as  nearly  like  grazing  as  possible,  to  clip  each  day  a  sufficient  area  so 
that  all  of  each  part  would  be  clipped  about  every  10  days.  Actually, 
however,  the  intervals  differed  greatly. 

The  cUpping  was  done  once  each  day,  as  soon  as  the  dew  was  off, 
with  a  1-norse  mower  having  a  homemade  metal  grass  catcher  at- 
tached to  the  sickle  bar. 

Cows  similar  in  breeding  and  age  to  those  used  in  the  grazing 
experiment  were  kept  in  a  bam  and  dry  lot  and  were  fed  the  chpped 
^ass  in  manners,  with  no  other  feed.  The  grass  was  fed  in  the  mom- 
mg  and  evenmg.  The  portion  of  the  morning's  cUpping  that  was  not 
fed  was  placed  in  a  dark  place  in  the  bam  and  covered  with  canvas 
to  prevent  undue  wilting  or  loss  of  moisture. 

While  the  areas  clipped  differed  somewhat  each  day,  the  total 
amounts  of  grass  cUpped  bv  7-day  periods  indicate  the  seasonal  growth 
of  the  pasture  grasses.    These  totals  are: 

7-day  period:  Pounds 

May  19-25 978 

May  26-June  1-. 1,403 

June  2-8 1,770 

June  9-15 1,976 

June  16-22 1,622 

June  23-29 1,691 

June  30-July  6 1,  826 


7-day  period:  Pounds 

Julv  7-13. 1,931 

July  14-20 1,527 

Julv  21-27 1,218 

July  28-Aug.  3- 1,387 

Aug.  4-10 1,181 

Aug.  11-17 696 

Aug.  18-24 653 
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It  is  apparent  that  in  1928  pasture  grasses  were  not  making  a  very 
rapid  growth  at  Huntley  till  the  end  of  May.  Growth  was  rapid  in 
the  first  part  of  June  and  in  the  first  part  of  July.  Except  during  the 
week  of  June  9  to  15,  the  2-week  period,  June  30  to  July  13,  seems  to 
have  been  the  period  of  most  rapid  growth.  The  growth  decreased 
very  rapidly  during  August.  It  is  presumed  that  at  all  times  sufficient 
moisture  was  present  to  provide  maximum  growth,  since  the  plots 
were  irrigated. 

The  average  mean,  maximum,  and  minimum  temperatures  at  the 
Huntley  station  during  the  1928  pasture  season  are  given  by  5-day 
periods  in  table  2. 

Table  2. — Average  mean,  maximum,  and  minimum  temperatures  by  5-day  periods 
during  the  grazing  season  at  Huntley,  Mont.,  1928 


6-day  period 


Average  tempera-  | 

ture 

Maxi- 

Mini- 

mum 

°  F. 

°  F. 

°  F. 

60 

73 

47 

56 

73 

39 

61 

73 

48 

55 

64 

46 

61 

74 

48 

66 

81 

52 

66 

80 

53 

66 

79 

52 

76 

91 

60 

64 

77 

52 

74 

93 

56 

73 

90 

55 

5-day  period 


Average  tempera- 
ture 


Mean 


Maxi- 
mum 


Mini- 
mum 


June  1-6.- 
June  6-10. 
June  11-15 
June  16-20 
June  21-25 
June  26-30 
July  1-5... 
July  6-10.. 
July  11-15- 
July  16-20. 
July  21-25. 
July  26-31 


Aug.  1-5.  _ 
Aug.  6-10. . 
Aug.  11-15. 
Aug.  16-20. 
Aug.  21-25. 
Aug.  26-31 
Sept.  1-5.. 
Sept.  6-10. 
Sept.  11-15 
Sept.  16-20 
Sept.  21-25 
Sept.  26-30 


F. 
51 
54 
51 
49 
44 
46 
43 
39 
43 
40 
36 
36 


1  6-day  period. 

The  temperature  ranges  from  August  16  to  September  20  are  not 
greatly  different  from  those  during  most  of  June  when  the  grass  made 
its  most  rapid  growth.  But  by  August  25  the  rate  of  growth  had 
dropped  to  a  point  at  which  not  enough  grass  was  obtained  to  warrant 
further  cUpping. 

Table  3  shows  the  average  daily  consumption  of  clipped  grass,  by 
7-day  periods,  by  individual  cows.  These  periods  started  May  19 
and  ended  August  25. 

Cow  13  was  fed  this  clipped  grass  continuously  for  82  days.  Her 
average  daily  consumption  increased  from  49.3  pounds  during  the 
first  week  to  105.6  pounds  during  the  eighth  week.  Cow  52  started 
on  clipped  grass  on  June  15.  Her  consumption  the  first  week  was 
at  the  rate  of  64.5  pounds  per  day,  but  gradually  increased  until  her 
maximum  daily  consumption  averaged  99  pounds  during  her  eighth 
week.  She  was  fed  the  green  grass  for  72  consecutive  days.  Cow 
59  was  fed  for  49  consecutive  days  and  cow  46  and  cow  48  were  fed 
for  30  and  31  days,  respectively. 

These  amounts  do  not  represent  all  that  the  cows  would  have  eaten, 
however,  as  will  be  shown  later  in  discussing  the  1929  results.  It 
was  thought  that  the  amount  of  grass  obtained  by  clipping  every 
10  to  15  days  would  approach  fairly  closely  the  amount  of  grass 


GRASSES  AS  FEEDING  VALUE  FOR  MILK  PRODUCTION 


Table  3. — Amount  of  grass  clipped  each  day  from  a  portion  of  the  0.92-acre  clipped 
plot,  and  daily  consumption  per  cow,  1928 


Week  and 
date  of 

Weight 

clipped 
grass 

Grass  consumed  by  cow 
no.— 

Week  and 
date  of 
clipping 

clipped 
grass 

Grass  consumed  by  cow 
no.— 

clipping 

13 

46 

48 

59 

62 

13 

46 

48 

59 

52 

First  week: 

May  19 

May  20 

May  21 

May  22 

May  23 

May  24 

May  25    -  . 
Second  week: 

May  26 

May  27 

May  28 

May  29 

May  30 

May  31 

June  1 

Lbs. 
88 
86 
121 
189 
165 
173 
156 

164 
181 
213 
225 
207 
231 
182 

224 
267 
259 
258 
231 
275 
256 

233 
273 
294 
306 
282 
288 
300 

347 
307 

295 

Lbs. 
34 
32 
45 
55 
60 
59 
60 

57 
63 
73 
62 
48 
55 
40 

48 
61 
74 
72 
58 
82 
71 

68 
80 
100 
88 
85 
70 
73 

81 
76 
85 

Lbs. 
13 
24 
29 
49 
44 
49 
40 

36 
50 
60 
54 
49 
62 
48 

60 
62 
69 
63 
67 
69 
61 

55 
66 
64 
72 
72 
74 
61 

66 
59 

Lbs. 
28 
30 
47 
65 
48 
61 
51 

55 
60 
66 
62 
61 
69 
61 

60 
70 
67 
67 
60 
68 
66 

56 
64 
71 
75 
66 
78 
60 

73 
66 
75 

Lbs. 

Lbs. 

Ninth  week: 

July  14 

July  15 

July  16 

July  17 

July  18 

July  19 

July  20 

Tenth  week: 

July  21 

July  22 

July  23 

July  24 

July  26 

July  26 

July  27 

Eleventh 
week: 

July  28 

July  29 

July  30 

July  31 

Aug.  1 

Aug.  2 

Aug.  3 

Twelfth  week: 

Aug.  4 

Aug.  5 

Aug.  6 

Aug.  7 

Aug.  S 

Aug.  9 

Aug.  10 

Thirteenth 
week: 

Aug.  11 

Aug.  12 

Aug.  13 

Aug.  14....- 

Aug.  15 

Aug.  16 

Aug.  17 

Fourteenth 
week: 

Aug.  18 

Aug.  19 

Aug.  20 

Aug.  21 

Aug.  22 

Aug.  23 

Aug.  24 

Fifteenth 
week: 
Aug.  26 

Lbs. 
256 
253 
287 
190 
180 
161 
200 

148 
140 
158 
183 
198 
ISO 
211 

217 
193 
189 
214 
189 
213 
172 

191 
230 
204 
162 
158 
123 
113 

99 
101 
98 
92 
89 
116 
101 

100 
90 
115 
117 
86 
81 
65 

69 

Lbs. 
103 
106 
109 
104 
104 
97 
112 

90 
87 
94 
104 
105 
98 
116 

111 
91 
96 

102 
99 

104 
91 

102 
111 
102 
83 
86 

Lbs. 

Lbs. 

Lbs. 
73 
71 
83 

Lbs. 
75 

74 

» 

85 

86 

74 

64 

84 

^8 

53 

61 

34 
39 
45 
43 

45 

66 
59 
56 
65 
66 
58 

64 
63 
68 
69 
68 
62 
66 

66 
56 
64 

"m 

61 
50 

71 

79 

03 

8? 

95 

Third  week: 

June  2 

Junes 

106 

June  4 

1(1? 

98 

June  f\ 

112 

June  7 

90 

Junes 

106 

Fourth  week: 

81 

June  9 

June  10 

87 

June  11 

116 

June  12 

100 

79 

June  14 

73 

i?n 

Fifth  week: 

118 

June  16 

June  17 

June  18 

99 

June  19 1 

97 

211 
240 
222 

201 
223 
246 
256 
270 
263 
232 

252 
287 
280 
244 
237 
230 
276 

360 
233 
276 
310 
282 
262 
206 

84 
103 
S3 

83 
84 
95 
100 
110 
108 
99 

102 
114 
120 
98 
96 
93 
105 

122 
90 
116 
111 
113 
102 
85 

64 
66 
69 

68 
70 
75 
SO 
82 
77 
67 

70 

82 
81 
70 
67 
60 
79 

107 
73 
77 
90 
82 
78 
63 

63 
72 
70 

60 
69 
76 
72 
78 
73 
65 

75 
88 
76 
74 
73 
72 
82 

117 
69 
79 
97 
82 
77 
60 

98 

June  21 

88 

June  22 

89 

Sixth  week: 

112 

101 

June  24 

June  25    --- 

June  26 

97 

June  27 

90 

June  28    .  - 

118 

June  29 

117 

Seventh  week: 

K'y 

June  30 

81 

July  1 

65 

July  2 

Julys 

July  4 

69 

July  5 

July6 

Eighth  week: 
July? 

Julys 

July  9 

July  10 

July  11 

July  12 

July  13 

>  Rain  prevented  clipping  grass  on  this  date.    Cows  were  fed  alfalfa  hay. 


available  on  the  plot  where  cows  were  allowed  to  graze.  An  attempt 
was  made  to  feed  this  amount  of  grass  to  the  same  number  of  cows 
as  were  being  grazed  on  an  area  oi  the  same  size.     Probably  no  one 
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of  the  cows  consumed  as  much  as  her  maximum  capacity  after  be- 
coming thoroughly  adjusted  to  the  cUpped-grass  ration.  This  is 
shown  by  the  1929  results  when  the  method  of  feeding  was  changed 
to  give  the  cows  all  the  grass  they  would  consume. 

The  moisture  content  of  the  clipped  grass  averaged  73.8  percent 
and  underwent  but  little  fluctuation.  The  crude-protein  content  of 
composite  samples  made  up  of  portions  of  daily  clippings  was  very 
uniform  and  ranged  between  11.5  and  12.2  percent  (dry -matter  basis). 

On  an  acre  basis  this  plot  produced  feed  for  261  cow-days  or  at 
the  rate  of  2.6  cows  for  99  days.  In  that  time  the  computed  produc- 
tion was  4,041  pounds  of  milk  containing  171.1  pounds  of  butterfat 
per  acre.  These  cows  lost  weight  during  the  season  at  the  rate  of 
238  pounds  per  acre.     (See  table  1.) 

GRASS-HAY  AND  SILAGE  EXPERIMENTS 

FEEDING  VALUE  OF  GRASS  HAY 

The  plot  reserved  for  hay  production  was  mowed  on  July  11,  and 
again  on  September  15.  The  first  cutting  represented  53  days' 
growth,  measured  from  May  19,  the  date  the  cows  were  turned  on 
the  grazed  plot,  but  it  probably  represented  at  least  72  days'  actual 
growth,  while  the  second  cutting  represented  66  days'  actual  growth. 
The  two  cuttings  yielded  at  the  rate  of  7,481  pounds  of  air-dry  grass 
hay  per  acre.     (See  table  1.) 

Five  cows  that  were  fed  this  hay  as  their  sole  ration  consumed  an 
average  of  32.8  pounds  per  day  per  cow  over  a  feeding  period  of  37 
days.  These  cows  had  been  accustomed  to  a  ration  of  alfalfa  hay, 
com  silage,  and  grain.  At  first  the  cows  did  not  take  readily  to  the 
hay  and  declined  rapidly  both  in  body  weight  and  in  milk  production, 
but  as  they  became  accustomed  to  the  dry  feed,  they  gradually  re- 
gained most  of  the  lost  weight  and  maintained  their  production. 

At  the  rate  the  cows  consumed  this  hay,  1  acre  produced  sufficient 
hay  to  feed  one  cow  for  a  period  of  228  days.  The  computed  pro- 
duction for  this  length  of  time  would  be  5,195  poimds  of  milk  con- 
taining 180.9  pounds  of  butterfat.  The  decline  in  production  of  these 
five  cows  is  18.6  percent  when  measured  by  comparing  the  average 
production  for  the  first  3  days  of  the  37-day  period  with  that  of  the 
last  3  days.  If,  however,  the  first  2  days  are  not  considered  and  the 
average  production  for  the  third,  fourth,  and  fifth  days  is  compared 
with  that  of  the  last  3  days,  there  is  an  average  increase  in  production 
of  1  percent. 

FEEDING  VALUE  OF  GRASS  SILAGE 

The  plot  used  for  production  of  silage  was  cut  at  the  same  time 
as  that  used  for  producing  hay.  This  plot  produced  at  the  rate  of 
22,130  pounds  of  green  uncured  grass  per  acre.  The  moisture  content 
and  chemical  analyses  of  the  green  grass  ensiled  were  not  obtained. 

The  green  grass  was  placed  in  a  small  wooden-stave  silo.  The  first 
cutting  was  placed  in  the  silo  on  July  11  and  the  second  was  put  on 
top  of  the  first  on  September  25.  The  grass  from  the  first  cutting 
was  allowed  to  wilt  before  it  was  run  through  a  silage  cutter  and 
placed  in  the  silo ;  the  second  cutting  was  put  in  the  silo  immediately 
following  mowing.     Water  was  added  to  the  first  cutting. 
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In  October  the  silo  was  opened  and  six  milking  cows  were  fed  the 
second-cutting  silage  as  their  sole  ration.  The  second-cutting  silage 
lasted  11  days.  When  the  first-cutting  silage  was  reached  the  cows 
would  not  eat  it.  The  silage  had  not  spoiled  but  it  did  not  appear 
to  have  developed  the  proper  fermentation.  The  only  reasons  that 
can  be  ascribed  for  its  poor  quality  are  that  it  was  allowed  to  become 
too  mature  and  dry,  and  that  too  much  water  was  added. 

During  the  1 1  days  on  the  second-cutting  silage  the  six  cows  con- 
sumed an  average  of  83.9  pounds  of  silage  per  cow  per  day.  (See 
table  1.)  The  cows  apparently  relished  this  silage  and  for  each  cow 
the  consumption  increased  materially  up  to  the  time  the  silage  gave 
out.  The  average  consumption  of  grass  sUage  per  cow  a  day  was 
only  61  pounds  at  the  start  and  increased  to  95  pounds  at  the  end 
of  the  11  days.  During  the  last  5  days  the  average  consumption 
was  over  90  pounds  per  day.  The  average  production  of  milk  was 
32.5  pounds  on  the  first  day,  dropped  to  28.9  pounds  on  the  ninth 
day,  when  it  was  the  lowest  during  the  experiment,  but  rose  again 
to  30.2  pounds  on  the  eleventh  day.  Comparing  the  average  pro- 
duction on  the  first  3  days  with  that  on  the  last  3  days,  the  decline 
was  4.9  percent  for  the  11-day  period.  This  decline  does  not  seem 
great,  especially  when  the  production  (an  average  of  30  pounds  of 
milk  and  1.17  pounds  of  butterfat  per  cow  per  day),  the  relatively 
low  consumption  of  dry  matter  (averaging  a  little  over  21  pounds 
per  day),  and*an  excessive  loss  in  body  weight,  are  considered. 

Loss  in  body  weight  was  calculated  from  only  two  weights,  one  at 
the  beginning  and  one  at  the  close  of  the  11-day  feeding  period,  and 
was  suDJect  to  error  due  to  difference  in  fill  and  other  factors.  The 
six  cows  lost  8,  97,  103,  120,  57,  and  90  pounds,  respectively,  an 
average  of  79  pounds  per  cow,  or  more  than  7  pounds  per  cow  per  day. 
It  would  appear  that  the  limited  number  of  weights  has  resulted  m 
an  error  that  overemphasizes  the  loss  in  body  weight. 

THE  1929  EXPERIMENTAL  WORK 

In  1929  the  investigation  followed  the  same  general  plan  as  in  1928, 
and  was  conducted  on  the  same  plots.  The  principal  change  was  in 
feeding  the  cows  on  the  clipped  grass  to  capacity  and  in  the  stages  of 
maturity  at  which  the  cuttings  were  made. 

Plot  no.  1  was  grazed  by  milking  Holstein  cows. 

Plot  no.  2  was  clipped  and  the  grass  was  fed  green  to  milking 
Holstein  cows.  The  number  of  days'  growth  varied,  but  averaged 
30  for  the  season. 

Plot  no.  3  was  cut  at  intervals  of  45,  48,  and  43  days  and  the  grass 
was  made  into  hay  and  silage,  which  was  later  fed. 

Plot  no.  4  was  allowed  to  mature  and  was  made  into  hay  and 
silage,  which  was  later  fed. 

Comparisons  are  therefore  available  on  the  grazed  grass;  on  green 
grass  cut  at  an  average  of  30  days'  growth;  on  hay  and  silage,  repre- 
senting 45,  48,  and  43  days'  growth  of  grass;  and  on  mature  hay  and 
mature  silage  made  from  two  cuttings  of  grass,  representing  approx- 
imately 80  and  56  days'  growth,  respectivelv. 

Samples  of  all  cuttings  were  analyzed  for  ary  matter,  crude  protein, 
fat,  crude  fiber,  nitrogen-free  extract,  and  ash. 
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The  1929  season  as  a  whole  was  unfavorable  for  pasture  growth,  the 
first  of  the  season  being  cold  and  the  growth  of  the  grass  very  slow. 
July  and  August  were  extremely  warm. 

GRAZING  EXPERIMENT 

The  pasture  season  started  May  30  and  ended  September  15,  a 
grazing  period  of  109  days.  No  other  feeds  were  fed  to  the  cows  while 
they  were  on  grass.  Two  cows  were  started  on  the  grazed  plot,  but 
on  July  12  it  was  necessary  to  remove  one  because  the  grass  was 
insufficient.  The  other  cow  grazed  through  July  28.  It  was  not 
necessary  to  add  other  cows,  as  the  season  was  slow  and  backward. 
During  the  latter  part  of  the  season  the  grass  became  bunchy.  How- 
ever, when  the  pasture  became  short,  the  bunches  were  eaten.  Al- 
though the  season  was  longer  than  that  of  1928,  the  pasture  carried 
only  1.46  cows  per  acre  as  compared  to  1.84  in  1928. 

The  total  production  of  the  cows,  on  an  acre  basis,  was  5,509 
pounds  of  milk  containing  205.2  pounds  of  butterfat.  This  is  a 
little  greater  than  the  production  of  the  previous  year.  Body  weight 
was  lost  at  the  rate  of  196  pounds  per  acre. 

^  A  summary  of  the  data  from  the  grazing  experiment  in  1929  is 
given  in  table  4.  Daily  milk  yields  for  the  three  cows  during  the 
periods  they  were  on  pasture,  together  with  the  percentages  of  but- 
terfat and  the  body  weights,  are  given  in  table  5. 

Cow  H-53  was  in  the  two  hundred  and  seventy-eighth  day  of  her 
lactation  period  and  in  the  sixth  month  of  her  pregnancy  at  the  time 
her  grazing  period  started,  so  it  is  not  surprising  that  she  showed  a 
very  rapid  decline  in  milk  production.  The  decline  in  milk  yield  of  55 
percent  in  25  days,  which  was  hastened  to  some  extent  by  an  injury 
to  her  foot  on  the  eighteenth  day,  can  hardly  be  charged  against  the 
pasture,  which  was  at  its  best  during  this  period.  Ordinarily,  a  de- 
cline in  weight  during  the  sixth  month  of  pregnancy  would  not  be 
expected. 


Table  4. 


-Production  by  cows  on  grazed  plot  and  the  amount  of  grass  needed  to  meet 
their  daily  nutrient  requirements,  1929 


Items  of  comparison 


CowH- 
53 


CowH- 
19 


CowH- 
37  1 


Stage  of  lactation... days 

Duration  of  grazing  period do-. 

Average  daily  body  weight pounds 

Loss  in  body  weight do.. 

Average  daily  milk  production do.. 

Decline  in  production  over  grazing  period: 

Milk -...do-. 

Do percent 

Average  percentage  of  butterfat  in  milk do.-. 

Total  digestible  nutrients  required  per  day pounds 

Grass  needed  daily  to  furnish  digestible  nutrient  requirements  3 do.. 


278 
25 


23.9 

2  17.5 

65.4 

4.9 

20.50 

121 


3.3 
8.2 
3.4 
23.16 
136 


92 

1,  220 

47 

42.5 

15.6 

30.6 

3.6 

23.48 

138 


1  The  data  are  for  the  92-day  period,  May  30  to  Aug.  29. 

3  Cow  H-53  injured  a  foot  on  June  16  and  this  handicapped  her  grazing. 

2  It  is  assumed  that  grazed  grass  contained  the  same  percentage  of  digestible  nutrients  as  clipped  grass. 
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Table  5, —  The  daily  yield  of  milky  the  percentage  of  buiterfat  in  the  milk  and  the 
body  weights  of  cows  on  grazed  plot,  1929 


Cow  H-53 « 

Cow  H-19 

Cow  H-37 

Date 

Cow  H-37 

Date 

Milk 

duc- 
tion 

Body 
weight 

But- 
ter- 
fat 
test 

Milk 
pro- 
duc- 
tion 

Body 
weight 

But- 
ter- 
fat 
test 

MUk 
pro- 
duc- 
tion 

Body 
weight 

But- 
ter- 
fat 
test 

MUk 
pro- 
duc- 
tion 

Body 
weight 

But- 
ter- 
fat 
test 

May  30 
31 

Lbs. 
31.1 
33.3 
30.5 
30.5 
32.0 
30.0 
30.5 
2a7 
28.7 
28.6 
27.4 
26,7 
23.8 
23.1 
22.5 
22.5 
21.5 
17.6 
15.1 
16.9 
16.8 
16.6 
15.6 
14.4 
12.3 

Lbs. 
U.40e 

Pd. 

Lbs. 

Lbs. 

Pd. 

Lbs. 
48.2 
62.7 
62.0 
63.2 
63.6 
62.6 
61.6 
63.6 
63.3 
63.1 
62.0 
61.8 
61.6 
48.6 
49.6 
50.0 
41.4 
45.0 
46.6 
47.3 
48.2 
46.8 
46.0 
46.3 
45.7 
47.8 
45.4 
44.1 
44.0 
45.4 
45.4 

Lbs. 
« 1.235 

Pd. 

July  18 
19 
20 
21 
22 
23 
24 
26 
28 
27 
28 

July  29 
to 

Aug.    3» 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Aug.  30 

to 
Sept.    8' 
9 
10 
11 
12 
13 
14 
15 

Lbs. 
41.7 
41.8 
43.8 
38.0 
42.7 
40.0 
43.0 
41.2 
39.9 
39.6 
37.5 

Lbs. 

Pd. 

June     1 

2 

3 

' 

4 

5 

1.372 

4.2 

1,210 

3.8 

1,232 

3.2 

6 

7 

8 

>  1, 217 

9 

3.2 

10 

11 

12 

1,380 

4.4 

1,232 

3.5 

13 

39.2 
37.2 
38.9 
38.3 
38.7 
37.4 
37.8 
36.6 
37.0 
39.6 
41.1 
39.2 
38.2 
39.9 
37.8 
37.8 
32.8 
35.1 
31.6 
32.0 
31.5 
31.2 
37.8 
34.2 
34.5 
37.4 

>  1,236 

14 

15 

16 

1,220 

3.7 

17 

18 

1,333" 

6.5 

19 

1,214 

"Tr 

20 

21 

22 

23 

Vi,'354' 

5.6 

1,200 

3.5 

24 

42.7 
40.6 
37.5 
36.2 
37.8 
39.7 

U,456 

25 

26 

1,406 

3.3 

1,224 

3.9 

27 

28 

29 

•3.9 

30 

1,212 

3.3 

July      1 
2 

41.1 
41.5 
39.9 
37.8 
38.5 
41.1 
38.0 
29.3 
39.6 
36.1 
36.1 

46.7 
47.3 
46.7 
42.7 
43.2 
43.4 
39.7 
40.3 
40.4 
39.4 
37.2 
37.7 
36.8 
36.4 
38.7 
38.6 
42.1 

3 

1,392 

.    3.2 

1,228 

3.7 

4 

5 

6 

7 

» 1,188 

8 

3.7 

0 

10 

1,210 

3.6 

11 

V^'seo' 

3.7 

12 

26.6 
28.3 
30.2 
30.4 
30.9 
29.7 
33.4 

*  1.263 

13 

14 

15 

18 

17 

1,180 

3.4 

»  1,205 

3.5 

1  Injured  a  foot  on  June  16,  handicapping  her  grazing  and  reducing  her  milk  production. 

*  Average  of  three  weights. 

*  Qrazing  on  other  pasture. 

Cow  H-19  took  the  place  of  cow  H-53  in  the  experiment.  She  was 
on  the  pasture  only  18  days  before  the  grass  became  too  short  to 
support  two  cows,  and  she  was  removed.  She  was  in  the  fifth  month 
of  her  lactation  period  when  she  was  started  in  the  experiment. 
Comparison  of  the  yields  of  the  first  3  days  with  those  of  the  last  3 

179445°-33 2 
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days  of  this  IS-da;^^  period  shows  a  decline  in  yield  of  8.2  percent. 
This  is  a  more  rapid  decline,  perhaps,  than  would  be  expected  under 
the  best  feeding  conditions.  During  this  period  the  first  hot  weather 
of  the  season  occurred.  (See  table  7.)  During  this  same  18-day 
period  cow  H-37,  who  was  only  in  the  fourth  month  of  her  lactation 
period,  declined  almost  15  percent  in  milk  yield.  To  meet  her  nutri- 
tive requirements  for  milk  yield  and  maintenance,  cow  H-19  would 
have  needed  to  consume  136  pounds  of  grass  per  day.  Her  rapid 
loss  in  weight  would  appear  to  indicate  that  she  did  not  consume 
sufficient  grass  to  provide  for  her  nutritive  requirements. 

Cow  H-37,  in  the  eighty  second  day  of  her  lactation,  when  grazing 
started,  grazed  for  109  days.  There  were  two  short  periods,  however, 
July  29  to  August  3,  inclusive,  and  August  30  to  September  8,  in- 
clusive, when  she  was  not  on  the  experimental  plot.  (See  table  5.) 
During  these  short  periods  she  was  grazing  on  other  pasture  and  was 
fed  nothing  but  pasture  grass.  As  a  basis  for  comparison  the  92-day 
period  from  May  30  to  August  29,  inclusive,  is  selected  as  being  most 
indicative.  During  85  days  of  this  92-day  period  she  produced  an 
average  of  42.5  pounds  of  milk  per  day,  and  lost  47  pounds  in  body 
weight  during  the  92  days. 

At  the  start  of  the  grazing  season  she  was  probably  producing 
somewhat  more  than  she  could  be  expected  to  maintain  on  pasture 
alone  unless  the  grazing  were  unusually  good.  However,  at  the  end  of 
the  first  30  days  on  pasture  her  production  had  declined  only  about 
12.7  percent  (measured  by  comparing  her  average  production  for  the 
first  3  days  with  that  for  the  last  3  days).     During  that  time  she  lost 

11  pounds  in  weight.  Considering  that  this  was  her  fourth  month 
in  lactation  and  that  she  was  getting  no  other  feed  than  pasture, 
this  decline  was  not  excessive.  The  pasture  during  this  time  was  at 
its  best.  During  the  period  July  1  to  28,  she  declined  16.8  percent 
in  milk  flow  and  7  pounds  in  body  weight.  The  other  pasture  on 
which  she  then  grazed  for  6  days  was  evidently  better  than  the  ex- 
perimental pasture,  for  she  maintained  production  and  gained  18 
pounds  in  weight.  This  brought  her  back  to  the  weight  at  which 
she  started  the  grazing  season  on  May  30.  During  the  next  26  days 
on  the  experimental  pasture  (August  4  to  29)  a  season  when  the 
growth  of  pasture  grasses  is  usually  slowing  up  at  Huntley,  she  lost 
weight  rapidly,  a  total  of  47  pounds.  Until  the  latter  part  of  this 
period  she  maintained  production,  her  decline  for  the  period  being 
7.9  percent. 

GRASS  CLIPPED  AND  FED  GREEN 

YIELD  OF  GREEN  GRASS  FROM  CUPPED  PLOT 

In  1929  the  area  used  for  clipping  was  divided  into  two  plots  (A 
and  B)  to  permit  alternate  clipping  and  irrigating.  Plot  A  contained 
0.478  acre  and  plot  B  contained  0.493  acre.  Each  plot  was  336  feet 
in  length.  Each  day  a  swath  of  different  width,  extending  the  entire 
length  of  the  plot,  was  clipped.  Each  plot  was  clipped  fou  times 
during  the  season.  Table  6  shows  the  yield  of  each  plot  at  each 
cutting,  the  average  number  of  days'  growth  for  each  cutting,  and 
the  average,  amount  clipped  daily. 
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Table  6. — Seasonal  yields  of  clipped  plot,  and  yields  of  each  cutting,  1929 


Plot 


Cutting 


Yield 


Duration  of  clipping  period 


Days 
clipped 


Average 

daily 
clipping 


Average 
days 
growth 


A                

First 

b::  :::::::::::.::  - 

A      

.-do 

Second.... 

B 

A 

¥&:::: 

B 

A                 

...do 

Fourth 

B 

...do 

Prmndt 
3,152 
5,882 
2,581 
2,316 
1,023 
1,084 
827 
999 


May  30-June  7 

June  8-24. 

June  25-July  9. 

July  10-24 

July  26-31 

Aug.  12-18 

Aug.  19-23 

Sept.  9-14 


Number 
9 
17 
16 
16 
7 
7 
5 


PoundB 
360 
34« 
172 
164 
146 
155 
166 
167 


Nun^XT 
»34 
>47 
30 
32 
28 
30 
25 
28 


•  The  combined  area  of  plots  A  and  B  was  0.971  acre.    Total  yield  of  green  grass  on  the  two  plots  was 
17,863  pounds,  or  18,340  pounds  per  acre. 

*  It  is  assumed  that  growth  started  May  1.    There  may  have  been  a  few  days'  variation  from  this. 

The  decided  drop  in  yield  for  the  second  cutting  as  compared  to  the 
first  for  both  plots  is  partly  explained  by  the  fact  that  the  growing 
period  between  the  first  and  the  second  cutting  was  shorter  than  the 
growing  period  before  the  first  cutting.  Assuming  that  growth 
previous  to  the  first  cutting  started  May  1,  the  first  day's  clipping  on 
plot  A  represented  30  days'  growth;  the  second  day's  clipping,  31; 
the  third,  32 ;  the  fourth,  33 ;  etc.,  while  the  ninth  or  last  day's  clipping 
represented  38  days'  growth.  Therefore  the  average  number  of 
days  of  growth  for  the  9  clippings  was  34  days.  In  the  same  manner, 
the  number  of  days  of  growth  for  the  first  cutting  on  plot  B  (assuming 
that  growth  started  May  1)  ranged  from  39  to  55  days  or  an  average 
of  47.  In  fact,  this  erass  was  approaching  maturitv.  Another 
probable  reason  for  the  decreased  rate  of  growth  is  the  higner  tempera- 
tures that  prevailed,  beginning  in  the  5-day  period  of  June  26-30. 
Another  reason  is  the  slowing  down  in  growth  of  perennial  grasses 
after  flowering.  Table  7  shows  the  range  of  temperatures  at  the 
Huntley  station,  by  5-day  periods,  during  the  1929  season. 

Table  7. — Average  mean,  maximum,  and  minimum  temperatures  by  6-day  periods 
during  grazing  season  at  Huntley,  Mont.,  1929 


fi^ay  period 


Average  temperature 


Mean 


Maxi- 
mum 


Mini- 
mum 


6-day  period 


Average  temperatiire 


Mean 


Maxi- 
mum 


Mini- 
mum 


June  1-6. . . 
June  6-10-. 
June  11-16. 
June  16-20- 
June  21-25- 
June  26^30- 
July  1-5-.-. 
July  6-10... 
July  11-15-. 
July  16-20-. 
July  21-26-. 
July  26-31 « 


Aug.  1-6.  - 
Aug.  6-10. . 
Aug.  11-15. 
Aug.  16-20. 
Aug.  21-25. 
Aug.  28-31 
Sept.  1-5.. 
Sept.  6-10. 
Sept.  11-16 
Sept.  16-20 
Sept.  21-26 
Sept.  26-30 


73 
70 
73 
71 
72 
77 
56 
48 
61 
60 
62 
46 


'F. 


6-day  period. 


The  total  yields  of  clipped  grass  by  cuttings  show  that  seasonal 
growth  was  much  greater  in  June  and  early  July,  than  in  August  and 
September.     After  the  high  maximum  temperatures  occurrmg  from 
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July  16  to  31,  growth  was  insufficient  to  permit  clipping  from  August 
1  to  12.  Between  the  fourth  cutting  on  plot  A  and  the  fourth  cutting 
on  plot  B  there  was  another  intermission  in  the  cutting.  This  inter- 
mission from  August  23  to  September  9  also  followed  a  period  of  high 
maximum  temperatures  that  prevailed  from  August  11  to  31. 

The  1929  growing  season  was  slower  in  starting  than  that  of  1928. 
Clipping  was  started  on  May  19  in  1928  and  on  May  30  in  1929,  a 
difference  of  11  days.  Clipping  ended  on  August  25  in  1928  and  on 
September  14  in  1929.  The  growth  was  not  so  uniform  in  1929  as  in 
1928,  and  the  total  yield,  18,340  pounds  per  acre,  was  less. 

COMPOSITION  OF  CUPPED  GRASS 

Table  8  shows  a  marked  difference  in  the  nutrient  content  of  the 
grass  samples  taken  from  the  various  cuttings  as  the  growing  season 
advanced. 

Table  8. — Average  composition  (dry-matter  basis)  of  the  grass  cut  at  different 
periods  of  the  1929  growing  season 


Plot 


Cutting 


Duration  of  clipping 
period 


Sam- 
ples 
ana- 
lyzed 

Aver- 
age 
days 

growth 

Crude 
pro- 
tein 

Fat 

Crude 
fiber 

Nitro- 
gen- 
free  ex- 
tract 

Num- 

Num- 

Per- 

Per- 

Per- 

Per- 

ber 

ber 

cent 

cent 

cent 

cent 

9 

134 

15.8 

3.5 

23 

47 

17 

147 

13.1 

3.1 

30 

44 

15 

30 

16.7 

3.4 

25 

43 

15 

32 

16.4 

3.8 

27 

41 

7 

25 

18.7 

4.1 

24 

41 

7 

30 

19.7 

4.2 

23 

40 

6 

25 

20.5 

4.5 

22 

40 

6 

28 

19.9 

4.6 

21 

42 

Ash 


A 

First 

B 

...do 

A 

Second 

B 

A              .  .-- 

—do 

Third 

B 

A 

—do 

Fourth 

B 

...do 

May  30-June  7 

June  8-24 

June  25- July  9. 

July  10-24 

July  25-31 

Aug.  12-18 

Aug.  19-23 

Sept.  9-14 


Per- 
cent 
9.7 
10.1 
11.7 
12.0 
12.2 
13.4 
12.3 
13.1 


1  It  is  assumed  that  growth  started  May  1. 

There  was  a  distinct  increase  in  crude-protein  content  by  cuttings 
as  the  season  advanced.  This  is  shown  by  the  second  and  fourth 
cuttings  on  plot  A,  which  represent  30-  and  25-day  growing  periods 
respectively.  The  second  cutting  averaged  16.7  percent  crude  protein 
while  the  fourth  cutting  averaged  20.5  percent.  There  was  a  similar 
increase  in  protein  content  from  the  second  to  the  fourth  cutting  on 
plot  B.  This  is  evidence  that  the  number  of  days'  growth  is  not 
always  an  accurate  measure  of  the  stage  of  maturity  or  the  nutritive 
value  of  grasses. 

Possibly  the  change  in  flora  of  the  clipped  plot  as  the  season 
advanced  also  had  an  effect.  Volunteer  alfalfa  was  more  noticeable 
the  latter  part  of  the  season.  It  was  rather  surprising,  however, 
that  a  higher  protein  content  was  not  obtained  in  the  early  clippings. 

The  percentage  of  fat  and  the  percentage  of  ash  also  showed  a 
distinct  tendency  to  increase  as  the  season  advanced.  The  crude  fiber 
and  nitrogen-free  extract  showed  just  the  opposite  tendenc}^  How- 
ever, there  does  not  appear  to  be  any  definite  correlation  between  the 
percentages  for  crude  fiber  and  nitrogen-free  extract  and  the  number 
of  days'  growth. 
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FEEDING  VALUE  OF  THE  CUPPED  GRASS 

The  1929  experimental  work  in  feeding  clipped  grass  differed  some- 
what from  that  in  1928,  in  that  the  cows  were  fed  to  their  capacity 
whereas  in  1928  an  attempt  was  made  to  feed  the  same  number  of 
cows  on  the  clipped  grass  as  were  kept  on  the  grazed  plot.  The  con- 
sumption per  cow  was  much  greater  than  in  1928.  In  1928,  the  cows 
consumed  an  average  of  75.6  pounds  of  clipped  grass  per  day.  Since 
the  same  number  of  cows  were  grazed  as  were  fed  the  clipped  grass 
in  1928  and  since  the  area  was  the  same,  it  may  be  assumed  that  the 
cows  on  pasture  and  the  cows  fed  the  clipped  grass  obtained  approxi- 
mately the  same  quantity  of  grass.  In  1929,  when  the  cows  were  fed 
the  clipped  grass  to  capacity,  however,  they  consumed  an  average  of 
136.6  pounds  per  day.  If  the  cows  on  pasture  in  1928  obtained  as 
much  grass  as  they  wanted  it  may  be  assumed  that  cows  on  pasture 
do  not  consume  as  much  as  when  the  grass  is  cut  and  delivered  to 
them.  Or  it  may  be  that  it  is  not  possible  to  judge  very  closely  just 
how  much  grass  is  available  for  consumption  on  a  pasture,  and  there- 
fore, it  is  difficult  to  allocate  properly  the  niimber  of  animals  for  a 
pasture  of  given  size,  for  different  periods  of  the  growing  season. 

Three  cows  were  required  to  consume  the  grass  from  the  clipped 
plot  during  the  period  of  its  most  rapid  growth  up  to  the  latter  part 
of  June.  After  that  one  cow,  H-32,  was  able  to  consume  the  entire 
growth.  Furthermore,  during  two  periods,  August  1  to  11,  and  Aug- 
ust 24  to  September  8,  it  was  necessary  to  transfer  this  cow  to  pasture, 
because  the  growth  of  grass  was  insufficient  to  permit  clipping. 

Table  9  gives  the  dafly  consumption  of  grass  and  the  daily  produc- 
tion of  milk  for  the  three  cows  that  were  started  on  the  experiment, 
and  table  10  gives  the  consumption  and  production  of  the  cow  that 
replaced  them. 

A  summary  of  the  production,  consumption,  and  nutrient  require- 
ments for  the  four  cows  in  the  experiment  is  given  in  table  1 1 . 

Cow  H-32  (table  10)  received  clipped  grass  from  June  25  to  Sep- 
tember 14,  with  the  exception  of  the  two  short  periods  when  it  was 
necessary  to  put  her  on  pasture  because  of  a  lack  of  sufficient  grass 
to  clip.  For  the  55  days  she  received  clipped  grass  she  was  offered 
8,829  pounds  and  consumed  8,343  pounds,  or  an  average  of  151.6 
pounds  daily.  The  smallest  amount  consumed  in  any  one  day  was 
101  poimds  and  the  largest  was  218  pounds  (fig.  2).  There  was 
considerable  variation  in  the  amount  she  consumed  from  day  to  day. 
She  would  consume  a  large  amoimt  for  one  or  two  days  and  then  a 
small  amount  the  next  day  or  two.  Apparently  she  woidd  gorge  her- 
self and  lose  her  appetite  for  large  amounts  for  a  few  days.  This 
was  also  the  case  with  the  other  cows. 

At  the  beginning  of  the  clipped-grass  experiment  cow  H-32  received 
the  grass  daily  for  37  consecutive  days.  Her  average  daily  milk 
production  at  the  beginning  of  this  period  (average  of  Jime  25,  26, 
and  27)  was  40.7  pounds.  Her  average  at  the  end  of  the  first  37 
days  of  consecutive  feeding  (average  of  July  29,  30,  and  31)  was  37 
pounds,  a  decline  of  only  3.7  pounds,  or  9.1  percent  for  the  37-day 
period. 

From  August  1  to  11  she  grazed  on  pasture  grass  similar  to  that 
clipped.     Her  average  daily  production  declined  from  37  pounds 
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grass  consumed  and  milk  produced  per  d> 
the  clipped-grass  feeding  experiment,  1929 


Table  10. — Clipped  grass  consumed  and  milk  produced  per  day  by  cow  H-32  ^  in 
the    "        '  '     '•  •        •    ^—^ 


Clipped  grass 

Milk 

duc- 
tion 

Body 
weight 

But- 
ter- 
fat 
test 

Date 

Clipped  grass 

Milk 
pro- 
duc- 
tion 

Body 
weight 

But- 

Date 

Of- 
fered 

Con- 
sum- 
ed 

Of- 
fered 

Con- 
sum- 
ed 

ter- 
fat 
test 

June  25 

Lbs. 
ISS 
192 
171 
155 
190 
174 
177 
168 
181 
140 
162 
150 
233 
181 
152 
161 
159 
146 
167 
177 
155 
1.53 
152 
135 
159 
146 
136 
146 
152 
171 
159 
147 
l.'v3 
146 
156 
141 
121 

Lbs. 
155 
192 
166 
149 
190 
174 
173 
163 
171 
113 
158 
138 
218 
181 
128 
151 
144 
143 
165 
166 
143 
144 
139 
127 
155 
143 
128 
137 
147 
159 
145 
122 
140 
131 
148 
128 
103 

Lbs. 
40.2 
39.8 
42.0 
44.8 

Lbs. 
» 1,633 

Pet. 
3.9 

Aug.  8 » 

Lbs. 

Us. 

Lbs. 
32.0 
29.5 
31.3 
32.6 
31.1 
31.2 
34.7 
33.4 
32.6 
33.6 
32.8 
32.9 
33.0 
35.0 
34.1 
35.4 
31.9 
32.1 
32.8 
32.8 
32.7 
32.4 
32.5 
31.6 
30.1 
31.5 
28.8 
28.0 
26.7 
27.9 
27.8 
26.7 
24.7 
30.1 
33.1 
31.6 
32.6 
32.8 

Lbs. 

Pd. 

June  26 

Aug.  9» 

June  27 

Aug.  10 » 

June  28 - 

Aug.  11 ' 

June  29 

41.1 
41.1 
40.0 
38.3 
38.1 
37.3 
39.7 
38.4 
37.9 
36.9 
38.2 
38.5 
37.0 
37.3 
36.2 
37.7 
35.8 
34.9 
36.6 
38.7 
36.4 
38.4 
33.7 
36.4 
34.9 
35.6 
34.9 
34.6 
34.1 
36.2 
37.5 
36.7 
36.7 
37.5 
34.1 
33.4 
35.7 
35.6 
33.1 
34.6 

Aug.  12 

Aug.  13 

Aug.  14 

Aug.  15 

Aug.  16 

Aug.  17 

Aug.  18 

Aug.  19 

Aug.  20 

Aug.  21 

Aug.  22 

Aug.  23 

Aug.  24 »     - 

160 
170 
149 
141 
1&3 
162 
149 
162 
162 
174 
169 
160 

160 
160 
149 
134 
143 
158 
141 
155 
153 
174 
169 
142 

» 1,624 

4.1 

June  30 

Julyl 

July  2 

July  3 

1.663 

3.6 

July  4 

Julys     . 

July  8- 

July? 

Julys 

»i,"622" 

4.6 

July  9 

July  10 

July  11 

i.685 

3.8 

July  12 

Aug.  25 » 

Julv  13 

Aug.  26' 

Julv  14 

Aug.  27  »  .. 

July  15 

Aug.  28  3 

July  16 

Aug.  29  » 

July  17 

1,650 

3.9 

Aug.  30 »     .. 

July  18 

Aug.  31 3 

July  19 

Sept.  1 » 

July  20 

Sept.  2 «      . 

July  21 

Sept.  3  s 

July  22 

Sept.  4» 

July  23 

Sept.  5 » 

July  24 

1,664 

3.9 

Sept.  6» 

July  25 

Sept.  7» 

July  26 

Sept.  8 » 

July  27 

Sept.  9 

Sept.  10 

Sept.  11 

Sept.  12 

Sept.  13 

Sept.  14 

Total  *. 

Daily  av- 
erage <-. 

1 

168 
204 
192 
183 
146 
106 

168 
191 
165 
175 
128 
101 

n,601 

July  28- 

July29 

July  30.. 

July  31 

Aug.  1' 

» 1,628 

3.8 

i,'667' 

4.4 

Aug.  2 » 

Aug.  3»      .1 

8,829 

8,343 

1,975 

Aug  4' 

Aug.  5» 

160.4 

151.6 

35.9 

1.620 

Aug.  6 »      . 

Aug.  7» 

i 

*  Age  6  years  4  months;  stage  of  lactation,  86  days. 
»  Average  of  3  weights. 

*  Cow  on  pasture. 

*  Totals  and  averages  are  for  the  55  days  the  cow  was  fed  clipped  grass. 

Table  11. — Summary  of  production,  consumption,  and  nutrient  requirements  of 
four  cows  fed  clipped  grass,  1929 


Items  of  comparison 


Cow  H-32 

CowH-61 

Cow  H-51 

86 

132 

93 

155 

26 

28 

1,620 

1,183 

1,250 

-26 

-16 

-9 

35.9 

22.5 

37.5 

-8.4 

-2.8 

-4.1 

-20.4 

-11.9 

-11. 0 

3.9 

3.7 

3.6 

151. 6 

122.5 

135.7 

36.1 

29.2 

32.3 

4.86 

3.94 

4.35 

3.42 

2.25 

3.20 

25.79 

20.86 

23.08 

26.18 

16.56 

22.09 

Cow  H-48 


Stage  of  lactation  at  start  of  feeding  period .days 

Duration  of  grass  feeding. do.. 

Average  daily  body  weight pounds 

(Jain  or  loss  in  body  weight do.. 

Average  daily  milk  production. do.. 

Increase  or  <lecline  in  production  over  period: 

Milk do.. 

Do  — percent 

Average  percentage  of  butterfat  in  milk do.. 

.\verage  con.sunipti()n  of  grass  i)er  day pounds 

Average  consumijiion  of  dry  matter  per  day do.. 

Digestible  crude  protein  consununi  per  day do.*.. 

Digestible  crude  protein  required  |)er  day do.*.. 

Total  digestible  nutrients  consumed  i)er  day do.. 

Total  digestible  nutrients  retjuired  per  day do.. 


318 

15 

1,418 

-f2 

24.0 

+.7 

+3.1 

4.4 

136.5 

32.5 

4.38 

2.62 

23.22 

20.18 


1  Not  consecutive. 


<8ee  p.  17. 


*  Savage  feeding  standard. 


16        TECHNICAL  BULLETIN    381,  U.S.  BEPT.  OP  AGRICULTURE 

(average  of  July  29,  30,  and  31)  to  31.1  pounds  (average  of  Aug.  9,  10, 
and  11),  a  decline  of  15.7  percent  in  the  11  days.  From  August  12  to 
23,  when  she  was  again  on  clipped  grass,  her  average  daily  production 
increased  from  31.1  pounds  to  34.8  pounds  (average  of  Aug.  21,  22, 
and  23),  an  increase  of  11.9  percent.  This  increase  was  made  at  the 
time  of  some  of  the  highest  maximum  temperatures  of  the  season. 
(See  table  7.) 

From  August  24  to  September  8,  inclusive,  16  days,  she  was  grazing 
again.  Her  average  daily  production  declined  from  34.8  pounds  to 
27.5  pounds  (average  of  Sept.  6,  7,  and  8),  or  approximately  21  per- 
cent. It  is  probable  that  the  grazed  pasture  was  getting  short  at 
this  time.  When  on  September  9  she  was  placed  on  clipped  grass 
again,  her  average  daily  production  increased  from  27.5  pounds  to 
32.3  pounds  in  6  days,  an  increase  of  17.7  percent. 


Figure  2.— Cow  H-32,  and  218  pounds  of  clipped  grass,  the  largest  amount  she  consumed  in  any  one  day 

In  every  case  when  she  was  shifted  from  the  clipped  grass  to  grazing 
there  was  a  substantial  decline  in  milk  production.  The  same  is 
largely  true  for  her  body  weight.  She  practically  maintained  her 
body  weight  while  being  fed  the  clipped  grass  but  lost  weight  while 
on  the  grazed  pasture,  especially  from  August  24  to  September  8, 
when  she  declined  21  pounds  in  body  weight  for  the  16  days. 

These  figures  appear  to  indicate  that  this  cow  did  not  consume  as 
much  grass  while  grazing  as  she  did  when  the  grass  was  clipped  and 
fed  to  her  in  quantities  as  great  as  she  would  eat.  It  is  believed  that 
there  was  plenty  of  grass  on  the  grazed  plot,  except  possibly  from 
August  24  to  September  8,  when  the  grass  had  become  short  and 
coarse.  Possibly  the  physical  effort  of  grazing  was  so  great  that  this 
cow  did  not  work  hard  enough  to  secure  as  much  grass  as  she  could 
consume. 
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The  COW  in  the  grazing  part  of  this  experiment  that  provides  the 
best  comparison  with  H-32  is  H-37.  (See  table  5.)  Both  were  in 
about  the  same  stage  of  lactation  when  started  on  the  experiment. 
The  grazed  cow  was  producing  10  to  12  pounds  of  milk  a  day  more 
than  the  cow  fed  cUpped  grass,  but  on  the  other  hand  she  was  some 
400  pounds  lighter  and  thus  required  less  nutrients  for  maintenance. 

During  the  first  30  days  cow  H-32  declined  about  the  same  in  milk 
flow  as  the  grazed  cow,  12.4  percent  as  compared  to  12.7  percent,  but 
she  gained  31  pounds  in  weight  whereas  the  grazed  cow  lost  1 1  pounds. 
The  comparison  could  not  be  continued  for  the  remainder  of  the 
season  because  the  slow  growth  of  grass  made  it  necessary  to  switch 
the  fed  cow  to  pasture  at  frequent  intervals. 

The  grazed  cows  lost  slightly  more  body  weight  than  did  the  cows 
fed  clipped  grass  and  their  decrease  in  milk  was  considerably  greater. 
Their  greater  loss  in  weight  and  their  heavier  decrease  in  milk  flow 
indicate  that  the  grazed  cows  did  not  secure  enough  grass  to  meet 
their  calculated  requirements. 

Each  of  the  four  cows  fed  clipped  grass  consumed  more  total  digest- 
ible nutrients  and  digestible  crude  protein  than  they  required.  (See 
table  11.)  In  the  case  of  H-32  and  H-51  the  excess  of  digestible  crude 
protein  was  42  and  36  percent,  respectively.  Both  cows  were  milk- 
ing heavily  and  were  in  early  stages  of  lactation.  The  average  crude- 
protein  content  of  the  cUpped  grass  (dry-matter  basis)  was  17.6 
percent. 

The  results  of  this  experiment  (table  11),  although  not  so  complete 
as  desired,  appear  to  indicate  that  these  cows  had  the  capacity  to 
consume  sufficient  grass  to  meet  their  needs  for  body  mamtenance 
and  for  producing  35  to  40  pounds  of  milk  per  day,  without  any 
unusual  decline.  The  decline  of  20.4  percent  in  milk  flow  for  cow 
H-32,  which  is  for  the  period  from  June  25  to  September  14,  inclusive, 
is  misleading  because  much  of  the  decline  occurred  during  the  two 
periods  when  she  was  on  pasture.  The  percentage  decline  for  this 
cow  that  is  most  comparable  to  that  for  the  other  three  cows  is  for 
the  first  37  days,  when  she  was  fed  the  clipped  grass  continuously. 
Her  percentage  decline  for  this  period  was  9.1,  which  compares 
favorably  with  that  of  cows  H-61  and  H-51,  and  is  somewhat  less  than 
the  decline  expected  under  any  system  of  feeding  for  a  37-day  period 
in  the  fourth  month  of  lactation. 

GRASS  HAY  AND  SILAGE  EXPERIMENTS  IN  1929 

COMPOSITION  AND  FEEDING  VALUE  OF  GRASSES  AT  MATURE  AND  IMMATURE 

STAGES 

Several  investigations  in  England  during  the  last  few  years  have 
drawn  attention  to  the  superior  feeding  value  and  nutritive  composi- 
tion of  grasses  cut  at  immature  stages  of  growth.  When  the  Huntley 
experiments  were  planned  in  1929,  a  search  of  the  Hterature  revealed 
that  investigators  in  the  United  States  had  long  ago  discovered  the 
superior  feeding  value  of  immature  grasses,  but  that  apparently  no 
attempt  has  ever  been  made  to  take  advantage  of  this  most  important 
discovery  in  feeding  livestock.  It  was  planned,  therefore,  in  the 
feeding  experiments  with  grass  hay  and  silage,  to  cut  the  grasses  at 
mature  and  immature  stages  of  growth  and  to  study  the  relatioiiship 
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between  the  nutritive  composition  and  the  feeding  value  for  milk 
production,  of  the  grass  hay  and  silage  at  the  different  stages. 

As  long  ago  as  1883  the  United  States  Department  of  Agriculture 
(9,  p.  231)  ^  reported  the  chemical  composition  of  Phleum  pratense 
(tiniothy)  taken  from  its  own  gardens  and  from  samples  obtained  in 
Indiana.  The  percentages  of  crude  fiber  and  albuminoids  are  shown 
in  table  12,  which  was  compiled  from  that  report. 

Table  12. — Chemical  composition  of  timothy  cut  at  different  stages  of  maturity, 
compiled  from  a  report  by  the  United  States  Department  of  Agriculture,  1888 


United  States  gardens 

Indiana 

Stage  of  maturity 

Crude 
fiber 

Albumi- 
noids 

Crude 
fiber 

Albumi- 
noids 

Heads  not  out.  . .  ...  ..-  .       

PerceTit 

Percent 

Percent 
29.19 
1  29.  65 
32.26 
31.32 
24.70 

Percent 
10.97 

23.95 
27.35 
28.26 
27.08 

14.15 
10.99 

8.74 
8.18 

1  7.80 

In  bloom 

5  52 

After  bloom ..... 

5.57 

Early  seed 

4  84 

1  Reported  as  "before  bloom." 

Morse  {8)  at  the  New  Hampshire  Agricultural  Experiment  Station 
cut  timothy  grass  at  various  stages  of  maturity  in  the  summer  of 
1888.  His  analyses  and  conclusions  on  the  nutritive  constituents  of 
the  grass  at  various  stages  of  maturity  agree  closely  in  many  respects 
with  those  of  investigators  who  have  studied  the  subject  more  recently. 
His  report  appears  to  have  been  the  first  comparatively  complete  work 
on  this  subject. 

Morse  {8,  p.  66-66,  69)  concludes: 

The  percentage  of  dry  matter  increased  as  that  of  water  decreased.  The  ash 
was  more  abundant  during  the  rapid  growth  of  the  plant  than  after  the  growth 
had  ceased.  The  ether  extract  decreased  till  blossoming,  then  increased  until 
the  seed  began  to  form,  when  it  again  decreased,  reaching  its  lowest  point  as  the 
seed  began  to  harden.  The  crude  fiber  increased  steadily,  with  two  exceptions, 
until  the  formation  of  seed,  after  which  there  was  a  slight  decrease.     *     *     * 

The  nitrogen-free  extract  after  the  grass  had  nearly  reached  its  full  height 
remained  nearly  constant,  *  *  *  Crude  protein  steadily  decreased  with  the 
development  of  the  plants,  although  nearly  constant  after  the  bloom  began  to 
fade.  The  increase  at  the  time  of  taking  the  last  sample  I  attribute  to  the 
presence  of  second  growth  caused  by  the  wet  season  of  that  year  (1888). 

The  amount  of  grass  per  acre  increases  until  the  time  of  blossoming.  It  then 
decreases.     The  decrease  is  due  to  loss  of  water. 

Dry  substance  steadily  increases  until  the  plant  forms  seed. 

The  young  grass  is  richest  in  fat  and  protein.  The  mature  grass  is  richest  in 
carbohydrates  or  fiber  and  nitrogen-free  extract. 

Timothy  yields  the  largest  amount  of  digestible  protein  when  cut  at  the  begin- 
ning of  bloom. 

The  total  amount  of  digestible  matter  is  largest  when  the  grass  has  passed  out 
of  bloom  or  gone  to  seed. 

Crozier  (1)  reported  the  results  of  experiments  at  the  Michigan 
Agricultural  Experiment  Station  in  1894  with  orchard  grass  and 
timothy.  A  plot  of  timothy  cut  eight  times  between  Apnl  30  and 
June  24  yielded  15.76  pounds  of  dry  grass  with  a  crude-protein  content 
of  22.62  percent.  A  similar  plot  cut  once,  on  June  24,  yielded  172 
pounds  of  dry  grass  with  a  crude-protein  content  of  7.81  percent. 


2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  47. 
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Ellett  and  Carrier  (4)  report  the  results  of  experiments  started  in 
1908  by  the  Virginia  Agricultural  Experiment  Station  and  the  Office 
of  Forage  Crop  Investigations,  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  in  wliich  plots  in  a  permanent 
bluegrass  pasture  were  cut  with  a  lawn  mower  at  periods  of  7,  10,  20, 
30  days,  and  once  a  year.  Their  data  show  a  gradual  falling  off  in 
the  percentage  of  protein  in  the  grass  cut  everjr  7  days  to  that  cut 
every  30  days.  The  greatest  difference  in  protein  content,  however, 
is  between  the  grass  cut  every  7  days  and  the  grass  cut  once  a  year. 
The  grass  cut  every  7  days  had  almost  twice  as  much  protein  as  the 
grass  cut  once  a  year. 

Woodman,  Norman,  and  French  {12,  p.  310)  in  their  investigations 
on  the  influence  of  the  intensity  of  grazmg  on  the  yield,  composition, 
and  nutritive  value  of  pasture  herbage  found  that  under  conditions 
prevailing  at  the  University  of  Cambridge,  a  drought  severe  enough 
to  give  the  grass  a  scorched  or  brown  appearance  would  have  the 
following  effects  on  the  chemical  composition  of  the  grass: 

(1)  A  very  decided  falling-off  in  the  percentage  of  protein;  (2)  a  slight  increase 
in  the  percentage  of  N-free  extractives  and  crude  fiber;  (3)  an  abrupt  rise  in  the 
percentage  of  lime,  accompanied  by  a  decline  in  the  percentage  of  phosphoric 
acid;  (4)  a  pronounced  reduction  of  the  moisture  content  of  the  herbage  at  the 
time  of  cutting. 

Such  effects,  in  a  more  modified  form,  result  from  such  hot,  droughty 
conditions  as  are  encountered  over  short  periods  in  midseason  accord- 
ing to  their  results.  They  found  also  that  such  scorched  herbage  had 
a  lower  digestion  coefficient,  especially  for  the  protein.  The  explana- 
tion offered  for  this  depressed  coefficient  of  digestion  follows: 

It  is  not  likely  that  the  pronounced  decrease  in  the  digestibility  of  the  protein 
in  the  grass  is  to  be  attributed  to  any  alteration  in  the  chemical  character  of  this 
constituent,  but  is  rather  to  be  put  down  to  the  inevitable  reduction  of  the 
digestibility  of  the  food  nutrients,  contained  in  the  plant  cells,  which  accompanies 
lignification  of  the  fibrous  cell  walls.  It  has  been  shown,  in  the  section  dealing 
with  the  nutritive  value  of  the  1929  and  1930  herbage,  that  under  a  system  of 
monthly  cuts  no  evidence  of  lignification  is  manifested  if  the  weather  condi- 
tions are  such  as  to  encourage  active  and  continuous  growth,  but  that  if  lack  of 
rainfall  leads  to  a  slowing-up  in  the  rate  of  growth,  then  a  stage  may  be  reached, 
within  the  monthly  interval  between  successive  cuts,  when  the  lignification 
processes  will  begin  to  modify  the  character  of  the  herbage.  This  probably 
occurs,  on  an  intensive  scale,  during  a  drought  which  is  of  such  duration  as  to 
cause  the  herbage  to  become  parched  and  brown.  Transportation  of  fresh  food 
material  from  the  soil  into  the  herbage  plants  becomes  impossible  owing  to  lack 
of  the  necessary  moisture,  and,  as  a  consequence,  the  vegetative  phase  of  plant 
development  comes  to  an  untimely  end.  The  processes  of  re-transportation  and 
re-elaboration  of  material  already  within  the  plant,  characteristic  of  the  reproduc- 
tive phase  of  development,  set  in  prematurely,  one  result  of  these  operations  being 
the  gradual  lignification  of  the  cellulose  in  the  cell  walls.  If  this  explanation  be 
correct,  it  would  follow  that  not  only  the  protein,  but  also  the  fibre,  N-free  ex- 
tractives and  ether  extract  in  the  brown  herbage  would  be  of  low  digestibility, 
and  the  material  would  have  a  correspondingly  low  feeding  value  (ii,  p.  Sll). 

Woodman  and  coworkers  {12,  p.  316-318)  also  consistently  obtained 
higher  percentages  of  protein  than  were  obtained  in  the  Huntley  ex- 
periments either  in  the  grass  clipped  at  various  intervals  of  growth  or 
in  that  cut  at  intervals  for  hay  and  silage.  Following  are  some  of 
their  findings  on  the  composition  of  grasses  cut  at  various  intervals  of 
growth: 

Pasture  grass  during  April  and  early  May  contains,  on  the  basis  of  dry  matter, 
well  over  20  percent  of  crude  protein  whether  the  system  of  cutting  is  weekly, 
fortnightly,  3-weekly  or  monthly;  that  is  to  say,  its  richness  in  protein,  and 
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indeed  its  general  composition,  both  organic  and  inorganic,  are,  within  the  limits 
of  the  investigations  so  far  carried  out,  independent  of  the  frequency  of  the  cuts. 

The  distinction  in  composition  between  pasture  herbage  cut  at  weekly  and  at 
monthly  intervals  only  becomes  marked  with  the  advent  of  the  ''flush"  period  of 
growth.  At  this  stage  of  the  1929  season,  for  instance,  the  monthly  cut  grass 
contained  18.71  percent  crude  protein  and  18.84  percent  of  crude  fiber  (dry 
matter  basis)  while  the  weekly  mown  herbage  contained  23.66  and  15.97  percent 
respectively  of  these  constituents.  Over  the  1929  season  (omitting  the  results 
for  the  drougnty  period  of  late  August  and  September)  the  weekly  cut  herbage 
was  some  3  percent  richer  than  the  monthly  cut  grass  in  respect  of  crude  protein, 
slightly  poorer  in  N-free  extractives  and  significantly  poorer  in  crude  fiber. 
This  constituted  the  main  difference  between  the  two  types  of  herbage,  the  dis- 
tinction in  respect  to  ether  extract,  lime  and  phosphoric  acid  being  only  slight. 
The  mean  crude  protein  content  of  the  monthly  cut  grass,  on  the  basis  of  dry 
matter,  for  the  seasons  of  experiment  was  20.23  percent  (1929)  and  19.35  percent 
(1930). 

*  *  *  Pasture  grass  grown  under  a  system  of  3-weekly  cuts  is  equal  to 
weekly  and  fortnigntly  mown  herbage  in  respect  of  digestibility.  If  the  interval 
between  successive  cuts  be  lengthened  to  a  month,  the  grass  obtained  in  the 
early  part  of  the  season  is  as  digestible  as  that  obtained  under  systems  of  weekly, 
fortnightly  and  3-weekly  cutting.  The  cutting  of  the  longer  interval  on  the 
digestibility  of  the  herbage  as  the  season  advances  will  be  determined  largely  by 
the  weather  conditions.  If  conditions  are  eminently  favourable  to  quick  growth, 
as  in  1930,  the  digestibility  of  the  herbage,  including  that  of  the  fiber,  will  remain 
high,  as  under  more  severe  systems  of  cutting,  the  only  noticeable  effect  being  a 
slight  running-off  in  the  digestibility  of  the  protein  constituent  during  the  mid- 
season,  followed  by  recovery  at  a  later  stage.  If,  on  the  other  hand,  the  season  is 
substantially  one  of  drought,  with  consequent  slow  growth,  the  herbage  will  tend, 
as  the  season  advances,  to  suffer  some  degree  of  lignification,  and  its  digestibility 
will  be  lowered.     *     *     * 

Lignification  in  herbage  plants  is  apparently  delayed  until  the  final  stages  of 
fiber  production.  The  process  does  not  occur  during  the  vegetative  phase  of 
development,  but  begins  only  in  the  late-flowering  stage,  or  even  during  the 
period  of  seed  formation,  when  the  stems  and  leaves  are  being  depleted  of  nutri- 
ents. If,  however,  persistent  drought  leads  to  an  untimely  check  or  cessation  in 
the  growth  of  herbage,  then  the  lignification  processes  may  set  in  at  an  earlier 
stage  of  distinctly  lower  fiber  content  than  is  indicated  by  the  results  of  the  quick- 
growing  1930  season. 

Shutt  and  coworkers  (10)  in  Canada  conducted  experiments  to 
determine  the  effect  of  frequency  of  cutting  and  the  stage  of  maturity 
when  cut,  on  the  composition  of  grass.  The  grass  was  mostly  meadow 
foxtail.  They  used  four  plots,  one  of  which  was  cut  16  times  during 
the  season  May  11  to  October  16,  the  second  9  times,  the  third  8  times, 
and  the  fourth  3  times.  The  range  in  percentage  of  crude  protein  for 
the  plot  cut  16  times  was  from  25.24  for  the  cutting  on  June  1  to  32.6 
for  the  cutting  on  July  27 ;  for  the  plot  cut  9  times  the  range  was  from 
17.8  for  the  cutting  on  Jime  1  to  26.04  for  the  cutting  on  May  18;  for 
the  plot  cut  8  times  the  range  was  14.52  for  the  cutting  on  June  15  to 
25.72  for  the  cutting  on  September  28;  for  the  plot  cut  3  times  the 
percentage  of  protein  was  11.96  for  the  cutting  on  July  3,  11.61  for  the 
cutting  on  August  27,  and  16.34  for  the  cutting  on  October  26. 

Ellenberger,  Newlander,  and  Jones  (3)  conducted  pasture  investi- 
gations in  Vermont  in  1924,  1925,  and  1926.  They  fenced  off  1-rod 
squares  in  a  number  of  different  pastures.  The  grass  in  these  squares 
was  cut  with  a  lawn  mower  often  enough  to  simulate  the  condition  of 
the  cropped  pasture  grass  surrounding  the  lots.  For  the  years  1925 
and  1926  these  clippings  had  an  average  chemical  composition  (dry- 
matter  basis)  of  11.68  percent  of  ash,  20.3  percent  of  crude  protein, 
18.69  percent  of  crude  fiber,  46.03  percent  of  nitrogen-free  extract, 
3.3  percent  of  ether  extract,  0.816  percent  of  calcium,  and  0.320  per- 
cent of  phosphorus.    The  composition  of  the  grasses  from  the  various 
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pastures  differed  greatly  with  the  productivity  of  the  pastures.  No 
definite  interval  of  time  is  given  for  these  clippings  but  the  average 
composition  is  not  greatly  different  from  that  given  by  these  authors 
for  grass  plucked  in  the  open  pastures  at  intervals  of  a  month. 

COMPOSITION  OF  HAY  AND  SILAGE  MADE  FROM  VARIOUS  CUTTINGS  OF  GRASS  AT 

HUNTLEY 

The  grass  for  both  the  hay  and  the  silage  at  Huntley  was  taken  from 
the  same  plot,  but  the  plot  was  divided  and  the  grass  from  one  part 
was  cut  at  immature  stages  of  growth  on  June  14,  August  1,  and 
September  13,  representing  a  growth  period  of  45,  48,  and  43  days 
respectively  for  the  three  cuttmgs.  The  growth  period  for  the  first 
cutting  was  calculated  from  May  1,  the  approximate  date  on  which 
CTOwth  started.  Part  of  the  grass  cut  on  these  three  dates  was  cured  as 
hay  and  the  rest  w^as  ensiled.  The  hay  and  silage  made  from  the 
grass  cut  on  these  three  dates  is  referred  to  in  the  text  as  the  first, 
second,  and  third  cutting  "interval"  hay  and  silage. 

The  ^rass  on  the  remaining  part  of  the  plot  was  allowed  to  mature 
before  it  was  cut.  The  first  cutting  was  made  on  July  19,  80  days 
after  the  approximate  start  of  growth  on  May  1,  and  the  second  cut- 
ting was  made  56  days  later,  on  September  13.  Part  of  the  grass  from 
these  two  cuttings  was  cured  for  hay  and  part  was  ensiled.  The  hay 
and  silage  from  these  two  cuttings  of  grass  is  referred  to  in  the  text 
as  the  first  and  second  cutting  ''mature"  hay  or  silage. 

The  grass  made  into  hay  was  cured  in  the  swath  and  then  put  in 
the  bam.  The  grass  that  was  ensiled  was  raked  and  handled  as  soon 
as  possible  after  it  was  cut.  More  or  less  wilting  took  place,  however. 
The  grass  was  run  through  a  silage  cutter  and  no  water  was  added. 
The  silage  kept  well,  with  very  little  spoilage.  The  silage  made  from 
the  mature  grass  was  somewhat  darker  in  color  than  that  made  from 
the  interval-cut  grass,  but  otherwise  appeared  to  be  of  the  same 
quality. 

At  the  time  of  cutting  the  first-cutting  interval  grass,  June  14,  the 
orchard  grass  and  the  bromegrass  averaged  12  inches  in  height  and 
had  some  heads  showing  at  about  18  inches.  The  alsike  clover 
averaged  about  8  inches,  and  the  white  clover  about  5  inches  in  height. 
At  the  time  of  cutting  the  second-cutting  interval  grass,  August  1, 
the  growth  averaged  about  6  inches  and  there  was  considerable  volun- 
teer alfalfa  in  evidence.  The  alfalfa  was  in  full  bloom  and  was  from 
18  to  24  inches  high.  It  was  estimated  that  about  5  percent  of  the 
first-  and  second-cutting  interval  grass,  and  of  the  first-cutting  mature 
^rass  was  alfalfa.  It  was  estimated  that  20  percent  of  the  third-cutting 
mterval  and  10  percent  of  the  second-cutting  mature  was  alfalfa. 
At  the  time  of  cutting  the  third-cutting  interval  grass,  September  13, 
the  grass  was  very  short,  averaging  about  4  inches. 

At  the  time  of  cutting  the  first-cutting  mature  grass,  July  19,  the 
orchard  grass  and  the  bromegrass  averaged  18  inches  in  height  and 
were  fully  headed.  The  clovers  w^ere  in  full  bloom  and  the  heads  were 
turning  brown.  At  the  time  of  cutting  the  second-cutting  mature 
grass,  September  13,  the  grass  was  short,  averaging  only  6  inches  in 
height.  It  was  not  nearly  so  mature  as  the  grass  cut  on  July  19,  but 
all  growth  had  stopped  and  the  tips  of  the  grass  blades  had  been 
nipped  by  frost. 

The  first-cutting  interval  hay  was  exposed  to  a  few  light  showers 
while  it  was  being  cured. 
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The  second-cutting  interval  hay  was  exposed  to  two  light  showers 
and  the  third-cutting  interval  hay  and  the  second-cutting  mature  hay 
were  also  exposed  to  a  light  shower.  The  other  cuttings  were  not 
rained  on.  Probably  only  the  first-cutting  interval  hay  suffered  any 
rain  damage,  and  that  was  not  great. 

Since  the  hay  and  the  silage  were  made  from  grass  from  the  same 
plots  and  cut  at  the  same  stages  of  maturity,  the  only  differences 
between  the  composition  of  the  hay  and  that  of  silage  would  be  those 
caused  through  loss  of  leaves  and  finer  stems  in  the  hay  while  it  was 
being  cured  and  handled  or  through  leaching  by  rain  or  dew,  and  those 
caused  by  seepage,  fermentation,  or  spoilage  in  the  silage.  Then, 
too,  there  is  the  possibility  that  the  samples  analyzed  were  not 
representative. 

Table  13  shows  the  analyses  of  the  silage  and  hay  made  from  the 
various  cuttings  of  grass. 


Table   13. — Composition  {dry-matter  basis)  of  silage  and  hay  made  from  grass  cut 
at  different  stages  of  maturity,  1929 


Stage  of  maturity 


First-cutting  interval-. 
Second-cutting  interval 
Third-cutting  interval. 
First-cutting  mature.-. 
Second-cutting  mature. 


Date  cut 


June  14 
Aug.  1 
Sept.  13 
July  19 
Sept.  13 


Days' 
growth 


Number 
45 
48 
43 
80 
66 


Crude  protein 


Silage      Hay 


Percent 
11.7 
15.3 
17.1 
9.6 
13.6 


Percent 
9.9 
13.4 
14.9 
6.5 
12.6 


Ether  extract 


Silage      Hay 


Percent 
4.1 
4.9 
4.8 
2.8 
5.0 


Percent 
1.9 
2.8 
2.8 
1.6 
3.3 


Crude  fiber 


Silage      Hay 


Percent 
32.0 
31.3 
24.0 
36.0 
25.4 


Percent 
34.0 
29.0 
24.7 
39.0 
27.0 


stage  of  maturity 


Date  cut 


Nitrogen-free 
extract 


Ash 


Days* 
growth 


Silage      Hay 


Silage      Hay 


First-cutting  interval- . 
Second-cutting  interval 
Third-cutting  interval. 
First-cutting  mature... 
Second-cutting  mature. 


June  14 
Aug.  1 
Sept.  13 
July  19 
Sept.  13 


Number 
45 
48 
43 
80 
56 


Percent 
39.8 
36.1 
40.6 
40.0 
42.8 


Percent 
46.0 
44.0 
47.0 
45.0 
46.0 


Percent 
10.2 
12.1 
13.3 
10.6 
13.0 


Percent 
7.8 
10.0 
10.0 
7.7 
10.0 


The  protein  content  (dry-matter  basis)  is  somewhat  higher  in  the 
silage  than  in  the  hay,  in  all  the  cuttings,  the  greatest  differences 
being  in  the  third-cutting  interval  and  the  first-cutting  mature. 

There  is  considerably  more  variation  in  fat  content  in  the  silage 
from  different  cuttings  than  in  the  hay,  but  the  ranking  according  to 
cuttings  is  practically  the  same  for  both  silage  and  hay. 

The  nitrogen-free  extract  content  in  the  hay  is  remarkably  uniform 
for  all  cuttings.  It  is  lower  in  the  silage  but  appears  to  follow  no 
definite  trend  in  relation  to  stage  of  maturity. 

The  ash  content  is  higher  in  the  silage  than  in  the  hay,  but  it 
follows  the  same  general  trend  in  relation  to  the  various  cuttings. 
The  ash  was  not  analyzed  for  calcium  and  phosphorus  in  the  hay  and 
silage,  but  some  idea  of  the  calcium  and  phosphorus  content  of  the 
grass  is  obtained  from  the  analysis  made  of  the  clippings  for  the  first 
10  days  (May  30  to  June  8)  on  plots  A  and  B.  The  grass  clipped  on 
these  dates  had  an  average  growth  period  of  34.5  days.     The  average 
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percentage  of  calcium  was  0.676,  and  the  average  percentage  of  phos- 
phorus was  0.288  (dry-matter  basis). 

While  there  are  these  differences  in  composition  between  the  hay 
and  the  silage  made  from  the  same  cutting  of  grass,  the  trend  of  the 
differences  for  the  various  cuttings  is  fairly  consistent.  The  crude- 
protein  content  for  the  interval  cuttings  is  lowest  in  the  first  cutting 
and  highest  in  the  third  cutting.  The  crude-protein  content  of  the 
first-cutting  mature  hay  is  the  lowest  of  the  whole  series  of  cuttings, 
while  the  second-cutting  mature  hay  has  approximately  the  same 
percentage  of  protein  as  the  second-cutting  interval  hay,  but  is  not  so 
high  as  the  second-cutting  interval  silage.  As  was  to  be  expected  the 
crude-fiber  content  varies  inversely  to  the  protein.  In  both  the  hay 
and  the  silage  the  highest  crude-fiber  content  for  the  interval  cuttings 
is  in  the  first-cutting  interval  where  the  percentage  of  protein  is  lowest, 
and  the  lowest  crude-fiber  content  is  in  the  third-cutting  interval 
where  the  percentage  of  protein  is  highest.  The  percentage  of  crude 
fiber  is  higher  than  was  to  be  expected,  in  view  of  the  fact  that  some 
of  the  grass  was  not  in  a  very  mature  stage  when  cut  and  because  of 
results  obtained  elsewhere  with  immature  grass.  The  percentage  of 
crude  fiber  in  the  first-cutting  mature  hay  seems  very  high.  The  per- 
centage of  crude  fiber  (dry-matter  basis)  given  by  Woodman  and 
coworkers  (12)  for  first-cutting  mature  grass  hay  was  24.63  in  1929, 
and  29.16,  30.84,  and  32.49  for  hay  from  three  different  plots  in  1930. 
However,  the  hay  in  Woodman's  experiments  also  ran  much  higher 
in  percentage  of  crude  protein  than  the  mature  hay  at  Himtley. 

It  appears  from  these  analyses  that  there  was  less  loss  of  nutrients 
in  the  dry  matter  of  the  silage  than  in  the  dry  matter  of  the  hay.  It 
also  appears  that  protein  and  crude  fiber  were  the  constituents  most 
markedly  affected  by  the  stages  of  maturity  entering  into  this  experi- 
ment, with  the  fat  content  and  the  ash  content  also  affected  to  some 
extent.  The  nitrogen-free  extract  apparently  was  affected  less  by 
the  various  stages  of  maturity  of  the  grass  than  by  the  method  of 
preserving.  It  is  rather  surprising  that  the  silage  should  be  as 
greatly  superior  to  the  hay  in  nutritive  value  as  the  averages  for  all 
cuttings  indicate.  With  the  exception  of  the  crude  fiber  and  the 
nitrogen-free  extract,  which  was  reduced  somewhat  in  the  silage  by 
fermentation  of  the  starches  and  their  conversion  into  acid,  the 
nutritive  constituents  in  the  silage  are  greater  by  a  considerable 
margin  than  those  in  the  hay.  The  average  percentage  of  crude 
protein  for  all  cuttings  is  11.4  in  the  hay  and  13.5  in  the  silage,  or  an 
increase  of  18  percent  in  the  silage.  The  average  percentage  of  ether 
extract  for  all  cuttings  in  the  hay  is  2.5  and  in  the  silage  4.3,  or  an 
increase  of  72  percent  in  the  silage.  The  average  percentage  of  ash 
for  all  cuttings  is  9.1  for  the  hay  and  11.8  for  the  silage,  or  an  increase 
of  30  percent  in  the  silage.  The  average  percentage  of  crude  fiber 
for  all  cuttings  is  30.7  for  the  hay  and  29.7  for  the  silage.  The  aver- 
age percentage  of  nitrogen-free  extract  in  all  cuttings  is  45.6  for  the 
hay  and  39.8  for  the  silage,  or  an  increase  of  15  percent  in  the  hay. 

If  the  stage  of  maturity  of  the  grass  when  cut  for  either  hay  or 
silage  is  judged  by  the  higher  protein  content,  the  various  cuttings 
would  rank  from  least  mature  to  most  mature  in  the  following  order: 
(1)  Third-cutting  interval;  (2)  second-cutting  interval;  (3)  second- 
cutting  mature;  (4)  first-cutting  interval;  and  (5)  first-cutting  mature. 
If  judged  by  the  lower  crude-fiber  content,  the  cuttings  would  rank 
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in  the  same  order  except  that  the  rank  of  the  second-cutting  mature 
and  of  the  second-cutting  interval  would  be  reversed. 

While  the  first-cutting  interval  grass  had  about  the  same  number 
of  days  for  growth  (assuming  growth  started  May  1)  as  the  second- 
and  third-cutting  interval,  and  11  days  less  than  the  second-cutting 
mature,  growth  was  so  rapid  from  May  1  to  June  14  that  the  first- 
cutting  interval  grass  reached  a  more  mature  stage  of  growth  in  the 
same  period  of  time,  hence  the  lower  percentage  of  protein.  There 
is,  of  course,  a  possibility  of  error  in  stating  that  growth  did  not 
start  till  May  1.  There  were  periods  in  August  and  early  September 
when  the  growth  was  very  slow.  Thus,  though  the  period  of  growth 
for  the  second-cutting  mature  grass  was  considerably  longer  than 
that  for  the  first-cutting  interval,  the  former  did  not  reach  so  mature  a 
stage  of  growth  as  did  the  latter.  It  is  possible  that  the  greater 
amounts  of  volunteer  alfalfa  appearing  in  the  later  cuttings  may  have 
been  partly  responsible  for  the  higher  percentage  of  protein.  How- 
ever, to  offset  the  influence  of  the  alfalfa  in  the  later  cuttings,  there 
was  a  greater  amount  of  clovers  in  the  first  cutting. 

Data  comparable  to  those  on  the  composition  of  the  grass  silage 
and  grass  hay  made  at  Huntley  are  available  in  the  work  of  Watson 
{11)  in  England.  The  grass  Watson  used  for  making  the  silage  and 
for  making  hay  by  artificial  drying  was — 

from  a  field  of  permanent  grass  which  had  reached  a  stage  when  it  might  have 
been  cut  for  early  hay  and  when  some  of  the  earlier  grasses  were  showing  a 
"head."     There  was  not  much  clover  in  the  herbage. 

Table  14  gives  the  composition  of  the  original  grass,  the  grass 
silage,  and  the  artificially  dried  hay,  reported  by  Watson. 


Table  14. 


■Composition  of  original  grass,  grass  silage,  and  artificially  dried  grass 
{stated  as  percentage  of  dry-matter  basis) — Watson 


Original 
grass 

Silage 

Artifici- 
ally 
dried 
hay 

13.93 
3.46 
23.99 
50.76 
7.86 

14.78 
4.33 
28.28 
42.71 
9.90 

14.55 

Ether  extract                                                                     -  -        

2.35 

Crude  fiber.         .         .-.  -  - - 

25.38 

49.43 

Ash                                                                                             

8.29 

The  composition  of  grass  silage  as  given  by  Watson  is  not  greatly 
different  from  that  of  the  silage  made  from  the  immature  grasses  at 
Huntley,  being  very  similar  to  that  of  the  second-cutting  mature 
silage.  The  composition  of  the  artificially  dried  hay  as  given  by 
Watson  is  very  similar  to  that  of  the  hay  made  from  the  third-cutting 
interval  grass  at  Huntley. 


YIELD  OF  GRASS  CUT  AT  DIFFERENT  STAGES  OF  MATURITY 

The  yields  in  green  weight,  dry  matter,  and  protein  of  plots  that 
were  cut  twice,  three  times,  and  four  times  during  the  1929  season,  are 
given  in  table  15. 
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Table  15.^-Green  weight  and  yield  of  dry  matter  and  protein,  of  grass  from  plots 
cut  2,  3,  and  4  times  during  the  growing  season,  1929 


Size  of  plot  and  use  made 
of  grass 

Date  cut 

Days'  > 
growth 

Green 
weight 

Dry  matter 

Protein 

0  347-acre,  cut  at  maturity 

fJuIy  19       

Days 
80 
56 

Pounds 

4.280 

690 

Percent 
23.1 
35.0 

Pounds 
988.7 
241.5 

Percent » 
9.6 
13.6 

Pound? 
94  9 

\Sept.  13 

32.8 

Total 

4.970 
14,323 

1,230.2 
3,  545.  2 

127  8 

Total  per  acre 

368.2 

June  14 

0.998-arre,  cut  at  intervals 

45 
48 
43 

9,600 
6,640 
2.188 

25.2 
25.7 
26.6 

2, 419. 0 

1. 449. 0 

560.0 

11.7 
15.3 
17.1 

283.0 

Aug.  1 

221  7 

Sept.  13 

Total 

17,428 
17,463 

4.  428. 0 
4.436.9 

600.5 

Total  per  acre. 

601  7 

fMay30toJune7...- 

Jjune  25  to  July  9 

)July25toJuly31--. 
lAug.  19to  Aug.23-_- 

0.47S-acre,  used  for  clip- 
ping (plot  A) 

3  34 
330 
325 
825 

3,152 

2,581 

1.023 

827 

22.8 
23.1 
25.5 
23.4 

723.8 
587.1 
261.9 
198.5 

15.8 
16.7 
18.7 
20.5 

112.7 
97.7 
49  6 

39.5 

Total    

7.683 
15.864 

1.  766.  3 
3.  695.  2 

299  5 

Total  per  acre 

626.6 

June  8  to  June  24 — 
July  10  to  July  24... 
Aug.  12  to  Aug.  18.. 
Sept.  9  to  Sept.  14 

0.493-acre,  used  for  clip- 
ping (plot  B) 

3  47 
3  32 
3  30 
328 

5.882 

2,  315 

1,084 

999 

22.4 
25.9 
24.4 
23.0 

1.308.3 
596.8 
264.6 
223.6 

13.1 
16.4 
19.7 
19.9 

171.4 
97.4 
52.1 
44.0 

Total 

10,280 
20,852 

2.  393.  3 
4,  854.  6 

364  9 

Total  per  acre 

740  2 

»  Assumed  that  growth  started  May  1. 

»  On  dry-matter  basis. 

>  Average  number  of  days  between  clippings. 

The  plots  on  which  the  various  cuttings  were  made  were  not  of 
uniform  size,  and  the  yields  are  calculated  on  an  acre  basis  to  make 
them  comparable.  Not  all  the  variation  in  yield  of  dry  matter  per 
acre  can  be  attributed  to  the  number  of  times  the  grass  was  cut,  nor 
to  the  maturity  of  the  grass,  since  the  yields  of  dry  matter  do  not  fol- 
low any  definite  order  of  frequency  of  cutting.  Plot  B  cut  four  times, 
with  an  average  of  34  days  between  cuttings,  had  the  greatest  yield  of 
dry  matter  on  an  acre  basis.  The  plot  cut  three  times,  with  an  average 
of  45  days  between  cuttings,  had  the  second  highest  yield  of  dry 
matter;  plot  A  cut  four  times,  with  an  average  of  29  days  between  cut- 
tings, had  the  third  highest  yield  and  the  plot  cut  twice,  with  an 
average  growth  period  of  68  days,  had  the  lowest  yield. 

The  yield  of  protein  per  acre  followed  definitely  the  number  of 
cuttings.  Plot  B  cut  four  times,  with  an  average  of  34  days  between 
cuttings,  had  the  greatest  yield  of  protein,  followed  by  plot  A  cut  four 
times,  with  an  average  of  29  days  between  cuttings.  The  plot  cut 
twice,  with  an  average  growth  period  of  68  days  per  cutting,  had  the 
lowest  yield  of  protein  per  acre.  The  yield  of  protein  per  acre  on 
plot  B  (cut  four  times)  was  a  little  more  than  double  the  yield  on  the 
plot  that  was  cut  twice. 

The  ranking  of  the  average  percentage  of  protein  for  the  different 
plots  follows  definitelv  the  average  days'  growth  between  cuttings. 
The  grass  from  plot  A,  with  29  days'  growth  between  cuttings,  had 
an  average  of  17.9  percent  protein  (dry-matter  basis);  the  grass  from 
plot  B,  with  an  average  of  34  days'  growth  between  cuttings,  had  an 
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average  of  17.3  percent  protein;  the  grass  from  the  plot  cut  three 
times,  with  an  average  of  45  days'  growth  between  cuttings,  had  an 
average  of  14.7  percent  protein  and  the  grass  from  the  plot  cut  twice, 
with  an  average  growth  period  of  68  days  between  cuttings,  had  an 
average  of  11.6  percent  protein. 

These  high  percentages  of  protein  are  not  due  to  fertilizer  treatment. 
It  will  be  recalled  that  the  soil  on  which  these  plots  were  located  had 
received  no  fertilizer  treatment,  other  than  the  droppings  from 
animals  pastured  on  alfalfa. 

It  is  significant  that  increasing  the  number  of  cuttings  to  four, 
during  the  growing  season,  thereby  cutting  the  grasses  at  more  imma- 
ture stages  of  growth,  resulted  in  greater  yields  of  dry  matter  and  in 
marked  increases  in  both  the  percentage  and  the  total  yield  of  protein. 

RESULTS  OF  FEEDING  HAY  AND  SILAGE  MADE  FROM  GRASS  CUT  AT  INTERVALS  AND 

AT  MATURITY 

Because  of  limited  storage  space  it  was  necessary  to  store  the  hay 
from  each  succeeding  cutting  on  top  of  that  from  the  preceding  cut- 
ting. The  various  cuttings  had  to  be  fed  in  the  reverse  order  to  that 
in  which  they  were  put  in  the  barn.  Because  of  the  small  quantities 
of  hay  available  from  some  of  the  cuttings,  the  abrupt  changes  from 
one  cutting  to  another  have  brought  out  the  differences  in  palatability 
more  clearly,  perhaps,  than  would  a  feeding  experiment  in  which  the 
hays  were  fed  simultaneously. 

The  ensiled  grass  was  placed  in  two  small  experimental  silos.  In 
one  silo  the  first-cutting  interval  grass,  the  first-cutting  mature  grass, 
and  the  second-cutting  interval  grass  was  ensiled  in  the  order  named. 
In  the  other  the  second-cutting  mature  grass  and  the  third-cutting 
interval  grass  was  ensiled  in  the  order  named.  The  silage  was  not 
fed  in  the  same  order  as  the  hay.  The  second-cutting  interval  silage 
was  fed  first,  and  then  for  some  undetermined  reason,  the  third- 
cutting  interval  and  the  second-cutting  mature  were  fed  from  the 
second  silo  before  feeding  was  continued  with  the  first-cutting  mature 
and  the  first-cutting  interval  silage  that  remained  in  the  first  silo. 

Three  cuttings  of  grass  for  hay  were  from  a  plot  of  0.964  acre, 
and  two  cuttings  were  from  a  plot  of  0.275  acre.  The  total  yield  of 
hay  from  the  total  area  (1.239  acres)  was  5,965  pounds,  with  a  dry- 
matter  content  of  4,968.8  pounds. 

Three  cuttings  of  grass  for  silage  were  from  a  plot  of  0.998  acre  and 
two  cuttings  were  from  a  plot  of  0.347  acre.  The  total  jdeld  of  silage 
from  the  total  area  (1.345  acres)  was  22,398  pounds,  with  a  dry-matter 
content  of  5,658  pounds.  Thus  there  was  somewhat  more  silage  than 
hay  available  for  feeding. 

Three  cows,  H-53,  11-48,  and  H-37,  were  started  on  the  second- 
cutting  mature  hay  on  October  30  and  were  continued  on  hay  of  the 
various  stages  of  maturity  for  20  days.  They  received  no  other  feed 
while  they  were  being  fed  the  grass  hay.  As  soon  as  one  lot  of  hay 
was  consumed  the  cows  were  started  on  another.  Because  of  the 
varying  amounts  of  hay  available  the  results  of  both  the  hay  and 
silage  feeding  are  measured  only  in  terms  of  increase  or  decline  in 
hay  and  silage  consumption,  milk  yield,  and  body  weight.  The 
three  hay-fed  cows  averaged  1,379  pounds  in  weight  and  117  days 
in  lactation. 


GRASSES   AS   FEEDING   VALUE   FOR   MILK   PRODUCTION  27 

Three  cows,  H-49,  H-51,  and  H-52,  were  fed  the  grass  silage. 
They  averaged  1,312  pounds  in  weight  and  117  days  m  lactation. 
They  were  started  on  the  second-cutting  interval  silage  October  10 
and  were  fed  continuously  on  silage  of  various  stages  of  maturity  for 
40  days.  They  received  no  other  feed  during  the  silage-feeding 
experiment. 

A  sufficient  amount  of  the  first-cutting  mature  hay,  of  the  first- 
cutting  interval  hay,  and  of  the  first-cutting  interval  silage,  was  held 
for  use  in  a  24-day  feeding  test  with  two  cows,  H-49  and  H-53,  in  which 
both  grass  hay  and  grass  silage  constituted  the  entire  ration.  Cow 
H-49  had  been  in  the  grass-silage  feeding  test,  and  cow  H-53  in  the 
grass-hay  feeding  test. 

FEEDING  GRASS  HAY  ALONE 

Table  16  gives  the  daily  consumption  of  hay,  the  milk  production, 
and  the  body  weights  of  the  three  cows  used  in  the  feeding  experiment 
with  grass  hay  cut  at  intervals  and  at  mature  stages.  A  summary  of 
the  average  consumption  of  hay  and  the  average  yield  of  milk  for 
the  three  cows  during  the  various  periods  is  given  in  table  17. 

There  was  a  marked  difference  in  the  rate  of  consumption  of  the 
hay  cut  at  different  periods  of  growth  by  the  individual  cows  and  with 
this  difference  in  consumption  there  was  a  decided  variation  in  pro- 
duction, as  shown  by  table  17. 

The  three  cows  were  started  on  hay  made  from  the  second-cutting 
mature  grass,  representing  56  days'  growth  and  having  a  crude-protein 
content  of  12.5  percent.     The  feeding  period  was  2  days. 

They  were  then  changed  abruptly  to  the  third-cutting  interval  hay. 
This  feeding  period  was  also  2  days.  The  hay  represented  43  days* 
growth  and  had  a  crude-protein  content  of  14.9  percent.  During  this 
2-day  period  the  average  daily  consumption  increased  by  about  11 
pounds  for  cows  H-53  and  H-37,  and  19  pounds  for  cow  H-48. 

The  cows  were  then  put  on  second-cutting  interval  hay  for  a  period 
of  8  days.  This  hay  represented  48  days'  growth  and  had  a  crude- 
protein  content  of  13.4  percent.  They  declined  in  both  consumption 
and  milk  production  during  this  feeding  period  (table  17). 

They  were  next  fed  first-cutting  mature  hay  for  4  days.  This  hay 
represented  80  days'  growth  and  had  a  crude-protein  content  of  6.5 
percent,  and  the  change  was  accompanied  by  a  sharp  decline  in  daily 
consumption  (table  17).  It  is  unfortunate  that  there  was  not  a  great- 
er supply  of  this  hay  so  that  the  extent  of  the  decline  in  consumption 
and  production  might  have  been  determined. 

With  the  next  change  (from  the  first-cutting  mature  to  the  first- 
cutting  interval  hay)  there  was  a  decided  increase  in  consumption  and 
a  slight  increase  in  production  (table  17).  This  hay  represented  a 
growth  of  45  days  (computed  from  May  1)  and  had  a  crude-protein 
content  of  9.9  percent. 

As  was  brought  out  in  the  discussion  of  the  chemical  composition 
of  the  hay  and  silage  of  the  various  cuttings,  the  second-cutting 
mature  hay  was  more  like  the  second-  and  third-cutting  interval  hays 
in  composition  than  was  the  first-cutting  interval.  The  first-cutting 
interval  hay  was  also  more  like  the  first-cutting  mature  hay  in  com- 
position than  was  the  second-cutting  mature.  That  being  the  case 
these  three  cows  were  fed  on  the  three  most  immature  hays  during  the 
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first  12  days  of  the  test  and  on  the  two  most  mature  hays  during  the 
last  8  days.  During  the  first  12  days  the  cows  consumed  an  average 
of  45.9  pounds  of  hay  per  day,  and  produced  an  average  yield  of  42.8 
poimds  of  milk.  During  the  last  8  days  they  consumed  an  average  of 
41.3  pounds  of  hay  per  day,  and  produced  an  average  yield  of  37.3 
pounds  of  milk. 

The  cows  reacted  very  quickly  in  both  consumption  and  production 
to  the  changes  in  quality  in  the  different  hays.  It  is  probable  that 
with  longer  feeding  periods  the  cows  would  have  become  adjusted  to 
these  differences  in  quality,  and  the  resulting  differences  in  consump- 
tion and  production  would  have  been  measured  more  accurately. 

The  experiment  does  bring  out  the  marked  differences,  in  palata- 
bility  and  in  value  for  milk  production,  of  hay  cut  from  the  same  fields 
and  cured  under  the  same  conditions  but  differing  in  the  stage  of 
maturity  when  cut.  It  also  shows  clearly  that  the  number  of  days 
of  growth  is  not  an  accurate  gage  of  maturity  for  grass  cut  at  different 
periods  of  the  growing  season.  The  45-day  growth  of  grass,  cut  June 
14,  had  a  very  different  composition  and  palatability  from  the  48-day 
growth  of  grass,  cut  August  1,  and  the  43-day  growth  of  grass,  cut 
September  13.  Apparently  the  more  rapid  growth  early  in  the  season 
resulted  in  a  more  mature  plant  than  the  slower  growth  for  the  same 
length  of  time  later  in  the  season  and  the  hay  made  from  this  more 
mature  grass  was  less  palatable  and  had  less  value  for  milk  production. 

It  is  probable  that  the  cows  would  have  done  better  on  the  second- 
cutting  mature  hay,  on  which  the  experiment  was  started,  had  they 
been  accustomed  to  grass  hay.  These  cows  had  always  been  fed 
alfaKa  hay. 

FEEDING    GRASS    SILAGE    ALONE 

The  individual  consumption  and  production  data  for  the  cows 
H-49, 11-51,  and  H-52  that  were  on  the  silage  feeding  test  are  given  in 
table  18.  Cow  H-51  had  previously  been  in  the  clipped-grass  feeding 
group.  A  smnmary  giving  the  average  consumption  of  silage  and  the 
average  milk  yield  for  the  various  periods  of  the  test  is  given  in 
table  19. 

Cow  11-49  (table  18)  consumed  an  average  of  102.7  pounds  of 
silage  per  day.  Her  lowest  day's  consumption  was  46  pounds  (the 
first  day)  and  her  highest  was  144  pounds  of  the  third-cutting  interval 
silage.  Her  milk  production  for  the  40-day  feeding  period  dropped 
from  41.8  pounds  (average  of  second,  third,  and  fourth  days)  to  33.4 
pounds  (average  of  the  last  3  days).  This  is  a  decline  of  8.4  pounds. 
She  had  been  in  milk  only  39  days  when  the  test  started.  This  cow 
was  badly  physicked  throughout  the  entire  period,  with  only  occa- 
sionally a  day  that  the  droppings  appeared  normal.  The  other  two 
cows  were  normal  after  the  first  few  days.  During  the  40-day  period 
H-49  declined  82  pounds  in  body  weight,  or  about  2  pounds  per  day. 

Cow  H-51  (table  18)  consumed  an  average  of  104.9  pounds  of  silage 
per  day,  with  136  pounds  the  highest  day's  consumption.  She  pro- 
duced an  average  of  20.5  pounds  of  milk  per  day,  declining  3.7  pounds. 
Her  decline  in  body  weight  was  61  pounds. 

Cow  H-52  (table  18)  consumed  an  average  of  104.2  pounds  of  silage 
per  day.  Her  liighest  day's  consumption  was  159  pounds  of  the 
third-cutting  interval  silage.  The  highest  day's  consumption  for 
each  of  the  three  cows  was  during  the  time  they  were  fed  the  third- 
cutting  interval  silage. 
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The  three  cows  were  started  on  silage  made  from  the  second-cutting 
interval  grass  (table  19),  representing  48  days'  growth  and  having  a 
crude-protein  content  (dry-matter  basis)  of  15.3  percent.  The  feed- 
ing period  was  11  days.  The  three  cows  consumed  an  average  of 
106.6,  98.4,  and  98.8  pounds,  respectively,  of  this  silage  per  day. 

The  cows  were  next  fed  for  4  days  on  third-cutting  interval  silage, 
representing  43  days'  growth  and  having  a  crude-protein  content  of 
17.1  percent.  Their  average  daily  consumption  during  these  4  days 
was  136.4  pounds,  by  far  the  highest  rate  of  consumption  obtained 
in  the  silage-feeding  test,  and  the  rate  of  consumption  was  still  increas- 
ing when  the  supply  of  this  silage  was  exhausted.  The  average  daily 
mSk  production  also  increased  by  4.7  percent,  3.7  percent,  and  12.3 
percent,  respectively.  This  silage  was  more  palatable  than  that 
made  from  any  other  cutting.  With  a  longer  feeding  period  on  this 
silage  a  much  greater  increase  in  production  might  have  been  obtained. 

The  cows  were  then  changed  to  the  second-cutting  mature  silage 
for  2  days.     This  silage  represented  56  days  of  growth  and  analyzed 

13.6  percent  crude  protein.  This  change  was  accompanied  by  a  10.9 
percent,  13  percent,  and  13.4  percent  decrease  respectively  in  con- 
sumption of  silage  by  the  3  cows,  but  by  a  slight  increase  in  produc- 
tion. Since  this  feeding  period  lasted  for  only  2  days,  the  increase 
in  production  is  probably  due  to  a  carry-over  effect  from  the  feeding 
of  the  third-cuttmg  interval  silage. 

The  cows  were  next  fed  the  first-cutting  mature  silage  for  a  period 
of  12  days.  This  silage  represented  80  days  of  growth  and  the  pro- 
tein content  was  9.6  percent.  The  average  daily  consumption,  which 
was  129.5,  125.2,  and  143.3  pounds,  respectively,  while  the  cows  were 
on  the  third-cutting  interval  silage  and  the  second-cutting  mature 
silage,  dropped  to  78,  94.5,  and  75.1  pounds,  respectively,  during  this 
feeding  period. 

Durmg  the  last  1 1  days  of  the  feeding  experiment  the  cows  were  fed 
first-cutting  interval  silage,  representing  45  days'  growth  and  having 

11.7  percent  crude  protein.  This  first-cutting  interval  silage,  like 
the  first-cutting  interval  hay,  had  a  comparatively  low  crude-protein 
content  and  in  composition  was  more  like  the  first-cutting  mature 
silage  than  like  the  second-  and  tliird-cutting  interval  sUage.  Like- 
wise the  second-cutting  mature  silage  resembled  the  second-  and  third- 
cutting  interval  silage  more  closely  than  it  did  the  first-cutting  mature 
silage.  The  first-cutting  interval  silage  was  better  in  quality,  how- 
ever, than  the  first-cuttiug  mature  silage,  as  is  shown  by  the  marked 
increase  in  consumption  and  production.  The  increase  in  con- 
sumption during  tliis  11-day  period  was  38.1,  26.2,  and  41.2  percent, 
respectively,  for  the  three  cows,  wliile  the  increase  in  daily  milk 
production  was  18.5,  18.4,  and  20  percent,  respectively. 

In  this  study  the  first  day  on  silage  feeding  was  excluded  because  the 
cows  were  not  yet  accustomed  to  the  silage  ration  and  the  consunap- 
tion  on  that  day  was  abnormally  low.  The  average  consumption 
for  16  days  on  the  sUage  for  the  three  cuttings  that  were  most  imma- 
ture, namely,  the  third-cutting  interval,  the  second-cutting  interval, 
and  the  second-cutting  mature,  was  117  pounds  per  day  wliile  that  on 
the  silage  from  the  most  mature  grass,  namely,  the  first-cutting  mature 
and  the  first-cutting  interval,  was  97.8  pounds  for  23  days.  The 
consumption  was  20  percent  greater  on  the  silage  made  from  the  less 
mature  grass. 
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FEEDING    VALUE    OF    HAY    AND    OF    SILAGE    COMPARED 

The  hay  from  all  cuttings  of  grass  had  an  average  dry-matter  con- 
tent of  83.3  percent,  and  the  silage  had  an  average  dry-matter  content 
of  25.2  percent.  Computing  the  dry-matter  content  of  the  hay  con- 
sumed daily  by  the  three  cows  in  the  hay-feeding  experiment  and  the 
dry-matter  content  of  the  silage  consumed  daily  by  the  three  cows  in 
the  silage-feeding  experiment  gives  a  basis  for  comparing  the  relative 
amounts  of  dry  matter  consumed  in  the  form  of  hay  and  in  the  form 
of  silage. 

Table  20  shows  the  relative  amounts  of  dry  matter  consumed  in  hay 
and  in  silage  made  from  the  different  cuttings  of  grass. 

Table  20. — Dry  matter  consumed  in  hay  and  silage  made  from  the  different  cuttings 

of  grass 


Stage  of  maturity 


Second-cutting  mature. 
Third-cutting  interval.. 
Second-cutting  interval 
First-cutting  mature. .. 
First-cutting  interval... 


Average 
hay  con- 
sumed 
per  day 
per  cow 


Pounds 
36.0 
50.1 
47.4 
38.4 
44.1 


Dry  mat- 
ter con- 
sumed in 
hay  per 
'    day 
per  cow 


Pounds 
29.9 
41.7 
39.5 
32.0 
36.7 


Average 


consumed 
per  day 
per  cow 


Pounds 
125.2 
136.4 
101.3 
82.5 
114.4 


Dry  mat- 
ter con- 
sumed in 
silage 
per  day 
per  cow 


Pounds 
31.5 
34.4 
25.5 
20.8 
28.8 


It  is  apparent  that  the  cows  consumed  a  larger  amount  of  dry 
matter  in  the  form  of  hay  than  in  silage.  The  relative  amounts  of 
dry  matter  consumed  in  hay  and  silage  do  not  follow  the  same  rankings 
for  the  various  cuttings,  however.  This  may  be  due  in  part  to  dif- 
ferences in  palatability  of  the  hay  and  silage  that  resulted  from  the 
curing  and  handling  of  the  grass,  but  it  is  also  due  in  part  to  the  fact 
that  the  cows  in  the  hay-feeding  experiment  were  not  accustomed  to 
grass  hay,  when  they  were  started  on  second-cutting  mature  hay,  and 
did  not  have  an  opportunity  to  become  accustomed  to  it  before  the 
supply  was  exliausted.  Nor  were  the  cows  in  the  silage-feeding 
experiment  accustomed  to  grass  silage  when  they  started  on  the 
second-cutting  interval  silage,  though  in  this  case  the  cows  had  a 
longer  feeding  trial  and  a  better  chance  to  become  accustomed  to  the 
silage.  It  is  doubtful  if  there  was  much  difference  between  the  silage 
and  the  hay  made  from  the  second-cutting  interval  grass  or  between 
the  silage  and  hay  from  the  second-cutting  mature  grass.  There  is 
no  question  but  that  the  third-cutting  interval  grass  was  cut  at  the 
stage  of  maturity  that  made  both  the  hay  and  silage  far  more  palatable 
than  the  hay  or  silage  of  any  other  cutting.  But  even  in  this  case  the 
silage-fed  cows  consumed  7  pounds  less  dry  matter  per  day.  It  is 
unfortunate  that  the  supply  of  both  hay  and  silage  from  this  cutting 
was  so  limited.  The  difference  in  consumption  of  dry  matter  in  silage 
and  hay  is  reflected  in  the  loss  in  body  weight  in  the  two  groups  of 
cows.  One  of  the  three  cows  in  the  hay-fed  group  gained  in  weight 
but  the  average  loss  for  the  three  was  17  pounds  during  their  20-day 
test.  All  three  cows  in  the  silage-fed  group  lost  weight,  the  average 
loss  for  the  three  being  62  pounds  during  their  40-day  test. 
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Even  though  the  silage-fed  cows  consumed  less  dry  matter  than  the 
hay-fed  cows,  and  even  though  they  lost  more  than  three  times  as 
much  in  body  weight,  their  rate  of  decline  in  milk  yield  was  just  a 
little  less  during  the  40  days  they  were  on  the  silage  ration  than  was 
that  of  the  cows  that  were  on  hay  for  20  days.  Comparing  the  aver- 
age milk  yield  of  each  group  for  the  second,  third,  and  fourth  days 
with  that  of  the  last  3  davs  of  their  respective  feeding  periods  shows 
that  the  silage-fed  group  decUned  an  average  of  14.66  percent  and  the 
hav-fed  group  declined  an  average  of  14.83  percent.  This  appears  to 
indicate  that  the  silage  (pound  for  pound  of  dry  matter)  had  a  greater 
feeding  value  for  milk  production  than  the  hay.  It  was  not  possible 
to  conduct  digestion  trials  on  the  hay  and  silage.  Watson  (11) 
conducted  digestion  trials  with  sheep  on  grass  silage  and  on  grass  hay 
that  was  artificially  dried,  and  secured  the  digestibility  coefficients 
given  in  table  21. 

Table  21. — Coefficients  of  digestibility  on  grass  silage  and  artificially  dried  grass 
as  reported  by  Watson,  in  trials  with  sheep 


Grass  hay 

(artificially 

dried) 


Dry  matter 

Organic  matter 

Ether  extract 

Crude  fiber 

Nitrogen-free  extractives. 

Crude  protein 

True  protein 


Percent 
71.74 
73.02 
77.68 
77.26 
71.73 
67.70 
49.66 


Percent 
71.63 
73.64 
61.05 
77.69 
74.29 
67.08 
67.86 


Watson  points  out  that  the  two  points  of  difference  in  digestibility 
between  grass  silage  and  grass  hay  are  in  the  digestibiUty  of  the  ether 
extract  and  the  true  protein.  He  believes  that  the  higher  digestibility 
of  the  ether  extract  is  due  to  the  fact  that  it  includes  the  organic  acids 
formed  as  a  result  of  the  fermentation  processes,  all  of  which  are 
soluble  and  thus  completely  digestible.  He  has  found  in  other  experi- 
ments that  the  digestibility  of  the  true  protein  is  depressed  during  the 
making  of  silage.  Watson  points  out,  too,  that  artificially  dried  grass, 
the  digestibility  of  which  is  given  in  table  21,  is  superior  to  good  field- 
cured  hay. 

The  digestibility  coefficients  given  by  Watson  for  grass  silage  and 
grass  hay  are  not  entirely  applicable  to  the  grass  silage  and  grass  hay 
in  the  Huntley  experiment,  particularly  because  his  figures  apply  to 
artificially  dried  hay,  whereas  the  hay  used  in  the  Huntley  experiment 
was  field  cured.  They  do  offer  some  support,  however,  for  the  beUef 
that  the  silage  in  this  experiment  (pound  for  pound  of  dry  matter) 
was  better  for  milk  production  than  the  hay. 

The  hay-fed  cows  were  on  about  a  27  percent  higher  level  of  pro- 
duction at  the  start  of  the  experiment  than  the  silage-fed  cows.  This 
may  account  in  part  for  the  more  rapid  rate  of  decline  in  milk  yield 
by  the  hay-fed  cows.  Comparing  the  milk  vield  of  the  silage-fed  cows 
on  the  second,  third,  and  fourth  days  of  the  test  with  their  yield  on 
the  fifteenth,  sixteenth,  and  seventeenth  days,  the  period  during  which 
they  were  fed  the  silage  made  from  the  most  immature  grass,  shows 
an  mcrease  in  milk  yield  of  8.8  percent.     On  the  other  hand,  the  hay- 
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fed  COWS  declined  4.6  percent  from  the  second,  third,  and  fourth  days 
to  the  tenth,  eleventh,  and  twelfth  days  of  their  test,  the  period  during 
which  they  were  fed  the  hay  made  from  the  most  immature  grass. 

A  comparison  of  the  milk  yield  of  the  silage-fed  group  for  the  last 
3  days  they  received  silage  made  from  the  most  immature  grass  with 
the  yield  for  the  last  3  days  they  received  silage  made  from  the  most 
mature  grass,  shows  a  decline  of  21.6  percent.  During  this  period  the 
silage-fed  cows  consumed  a  much  smaller  amount  of  dry  matter  than 
the  hay-fed  cows.  The  decline  in  milk  yield  for  the  hay-fed  cows 
during  the  same  period  was  10.7  percent. 

FEEDING   GRASS  HAY  AND   GRASS  SILAGE  TOGETHER 

At  the  conclusion  of  the  feeding  trials  with  hay  alone  and  with  silage 
alone,  2  cows,  1  from  the  hay-fed  group  and  1  from  the  silage-fed  group, 
were  continued  in  a  feeding  experiment  in  which  they  received  both 
grass  hay  and  grass  silage.  It  was  planned  to  feed  them  at  the  rate  of 
2  pounds  of  silage  to  each  pound  of  hay  consumed.  Sufficient  silage 
was  offered  to  meet  this  ratio,  but  neither  cow  consumed  enough  silage 
to  maintain  the  balance.  Because  of  the  shortage  of  both  hay  and 
silage,  the  trial  was  continued  only  24  days,  from  November  19  to 
December  12,  inclusive.  During  the  last  3  days,  when  both  the  hay 
and  the  silage  were  offered  in  unrestricted  quantities,  the  cows  ate 
more  hay  and  less  silage. 

Table  22  gives  the  essential  data  on  the  hay  and  silage  consumption 
and  daily  milk  production  for  these  two  cows,  H-49  and  H-53. 

Cow  H-49  had  been  on  first-cutting  interval  silage  alone  just  previ- 
ous to  this  hay-and-silage  feeding  test.  This  cow  had  scoured  almost 
continuously  on  silage  alone  and  she  continued  to  scour  on  hay  and 
silage.  Her  average  consumption  during  the  last  3  days  she  was  on 
silage  alone  was  111  pounds  per  day  and  her  average  milk  production 
for  the  3  days  was  33.4  pounds.  She  was  continued  on  first-cutting 
interval  silage  in  the  hay-and-silage  feeding  test,  and  was  fed  first- 
cutting  mature  hay,  in  addition,  for  the  first  9-day  period,  November 
19-27.  She  consumed  an  average  of  21.3  pounds  of  grass  hay  and 
40.9  pounds  of  grass  silage  per  day  for  the  9-day  period.  The  ratio 
of  consumption  was  1  pound  of  hay  to  1.9  pounds  of  silage.  Her 
consumption  of  hay  increased  slightly  from  the  first  3  days  of  this 
period  to  the  last  3  days,  but  her  consumption  of  silage  remained 
about  the  same.  Her  milk  production  declined  from  33.4  poimds  per 
day  (average  of  the  last  3  days  on  silage  alone)  to  31.1  pounds  per 
day  (average  of  last  3  days  of  first  9-day  period  on  hay  and  silage). 
This  was  a  decline  of  about  7  percent  in  9  days.  It  will  be  recalled 
that  the  first-cutting  mature  hay  fed  during  this  period  was  the 
poorest  in  quality  of  any  cutting. 

On  November  28  the  hay  for  cow  H-49  was  changed  from  first- 
cutting  mature  to  first-cutting  interval,  but  the  silage  remained  the 
same.  This  feeding  period  was  for  12  days.  Her  average  daily 
consumption  of  first-cutting  interval  hay  was  28.9  pounds,  an  increase 
of  7.6  pounds  per  day  over  her  consumption  of  first-cutting  mature 
hay.  Her  daily  consumption  of  silage  was  37.2  pounds,  a  decrease 
of  3.7  pounds  per  day.  Apparently  she  preferred  the  first-cutting 
interval  hay  to  the  first-cutting  interval  silage.  The  ratio  of  con- 
sumption during  this  period  was  at  the  rate  of  1  pound  of  hay  to  1.3 
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Table  22. — Consumption  of  hay  and  silage,  milk  production,  and  changes  in  body 
weight  by  two  cows  in  the  hay-and-silage  feeding  experiment 


1 

Cow  H-49 

Cow  H-53 

Kind  of  hay  and 

Hay 

Silage 

M 

t 

>> 

I 

Hay 

Silage 

silage  fed 

1 

O 

E 

6 

o 

1 

1 

O 

1 

>» 

First-cuttinK    inter- 
val hay  and  silage.. 

Nov.  14 
Nov.  16 
Nov.  16 
Nov.  17 
iNov.  18 

Nov.  19 
Nov.  20 
Nov.  21 
Nov.  22 
Nov.  23 
Nov.  24 
Nov.  25 
Nov.  26 
Nov.  27 
Nov.  28 
Nov.  29 
Nov.  30 
Dec.     1 
Dec.     2 
Dec.     3 
Dec.     4 
Dec.     5 
Dec.     6 
Dec.     7 
Dec.    8 
Dec.    9 
Dec.   10 
Dec.  11 
Dec.  12 

L 

ft«. 

ii 

Lbs. 
0) 

Us. 
142.0 
118.0 
127.0 
131.0 
140.0 

Lbs. 

111.0 
98.0 
98.0 

113.0 

122.0 

Lbs. 
34.6 
34.0 
34.6 
31.9 
33.8 



Lbs. 
Vi;287 

Lbs. 
63.6 
60.0 
63.6 
64.0 
.58.5 

Lbs. 
35.0 
42.5 
43.5 
46.0 
41.0 

Lbs. 
(t) 

Lbs. 
(i) 

Lbs. 
40.0 
37.9 
42.2 
43.1 
43.0 

Us. 
ii,'345 

First-cutting  mature 
hay  and  first-cut- 
ting interval  silage. 

20.0 
23.0 
28.0 
32.6 
32.6 
35.0 
32.0 
28.6 
33.0 
34.6 
30.6 
37.0 
34.5 
39.5 
32.5 
34.0 
32.0 
34.0 
36.0 
33.0 
43.0 
33.6 
43.0 
31.6 

16.0 
!8.6 
21.0 
23.0 
22.6 
25.0 
21.0 
21.6 
23.0 
28.5 
25.5 
30.0 
20.6 
32.5 
29.6 
31.0 
28.0 
27.0 
27.0 
31.0 
36.0 
28.5 
37.0 
25.0 

40.0 
40.0 
42.0 
46.0 
45.0 
50.0 
42.0 
43.0 
46.0 
67.0 
72.0 
60.0 
41.0 
66.0 
62.0 
62.0 
66.0 
64.0 
54.0 
62.0 
72.0 
60.0 
46.0 
18.0 

40.0 
40.0 
40.5 
43.0 
43.0 
45.0 
40.0 
40.0 
37.0 
39.0 
42.0 
40.0 
30.0 
37.0 
32.5 
28.0 
37.0 
43.0 
38.0 
43.0 
37.0 
30.0 
30.0 
12.0 

35.1 
33.3 
31.4 
28.9 
30.0 
31.4 
33.0 
31.6 
28.8 
30.5 
33  5 



"  1,277 

20.0 
23.0 
25.5 
31.5 
35.0 
34.0 
35.5 
30.5 
28.5 
33.5 
30.0 
36.0 
38.0 
34.5 
34.0 
32.0 
32.0 
31.5 
33.0 
36.0 
36.6 
41.0 
44.0 
27.0 

13.5 
19.0 
20.0 
23.5 
26.0 
22.0 
19.5 
22.5 
18.5 
31.5 
27.0 
27.0 
27.0 
26.0 
30.0 
27.0 
30.0 
28.6 
29.0 
32.0 
31.5 
38.0 
39.0 
24.0 

40.0 
40.0 
40.0 
48.0 
62.0 
44.0 
39.0 
46.0 
37.0 
63.0 
74.0 
54.0 
64.0 
62.0 
60.0 
64.0 
60.0 
57.0 
58.0 
64.0 
63.0 
39.0 
35.0 
27.5 

40.0 
40.0 
40.0 
48.0 
52.0 
44.0 
39.0 
45.0 
37.0 
50.0 
57.0 
42.0 
33.0 
49.0 
51.0 
33.0 
3.3.0 
33.0 
47.0 
37.0 
44.0 
14.0 
11.0 
20.5 

43.7 
38.8 
38.6 
36.7 
38.2 
37.6 
37.0 
36.6 
33.7 
34.9 
37.7 
42.9 
41.0 
40.7 
39.0 
40.2 
40.6 
40.7 
41.7 
42.7 
40.1 
40.5 
39.7 
39.7 

"i'296 

First-cutting    inter- 
val hay  and  silage.. 

First-cutting    inter- 
val hay  and  silage  V 

37.0 
33.5 
33.1 
32.2 
32.1 
32.4 
32.2 
32.7 
34.2 
33.4 
32.6 
30.9 
31.3 

"i,"266 
Vi;274 

i.'320 

31,' 297 

Total  for  24  days 

792.0 
33.0 

628.6 
26.2 

1,  224. 0 
51.0 

887.0 
36.5 

775.0 
32.3 

1,280 

782.5 
32.6 

632.0 
26.3 

1, 199.  5 
19.9 

939.5 
39.1 

942.8 
39.3 

Average   for    24 
days 

Dec.  13 
Dec.  14 
Dec.   15 
Dec.  16 
Dec.  17 
Dec.  18 

1,321 

31.3 
32.4 
36.1 
36.3 
37.6 
39.4 

39.4 
41.8 
44.8 
46.0 
45.6 
46.2 

Alfalfa  hay,  corn  si- 
lage, and  grain 

'  No  hay  fed. 
)  No  silage  fed. 


»  Average  of  3  weights. 

*  Hay  and  silage  offered  in  unrestricted  quantities. 


pounds  of  silage.  Her  daily  milk  production  increased  7  percent 
from  the  last  3  days  she  was  on  first-cutting  mature  hay  to  the  last  3 
days  on  first-cutting  interval  hay.  Her  average  production  during  the 
last  3  days  of  this  period  returned  to  the  same  level  as  that  of  the  last 
3  days  on  silage  alone.  It  should  be  noted  that  this  cow  that  had 
scoured  throughout  the  test  declined  only  20  percent  in  milk  yield 
from  the  second,  third,  and  fourth  days  on  silage  alone  to  the  nine- 
teenth, twentieth,  and  twenty-first  days  on  hay  and  silage — a  period 
of  59  days. 

Table  22  gives  similar  data  for  cow  H-53.  Just  previous  to  starting 
on  this  hay-and-silage  feeding  test  this  cow  was  on  first-cutting  inter- 
val hay  alone.  During  the  last  3  days  on  hay  alone,  her  average 
daily  consumption  was  43.5  pounds  and  her  average  daily  milk 
production  was  42.8  pounds. 
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During  the  first  9  days  of  the  test,  when  fed  first-cutting  mature 
hay  and  first-cutting  interval  silage,  this  cow  consumed  an  average 
of  20.5  pounds  of  hay  per  day  and  42.8  pounds  of  silage.  She  con- 
sumed all  the  silage  that  was  given  her  and  refused  a  considerable 
portion  of  the  hay.     The  ratio  of  consumption  was  1  pound  of  hay  to 

2  pounds  of  silage.     Her  average  daily  milk  production  declined  16 
percent,  as  measured  from  the  last  3  days  on  hay  alone  to  the  last 

3  days  of  this  9-day  feeding  period. 

On  November  28  she  was  started  on  first-cutting  interval  hay, 
and  the  first-cutting  interval  silage  was  continued.  This  feeding 
period  was  for  12  days.  Her  average  daily  consumption  of  hay 
increased  by  more  than  50  percent  from  the  last  3  days  on  first- 
cutting  mature  hay  and  first-cutting  interval  silage  to  the  last  3 
days  of  this  12-day  period.  The  average  daily  consumption  of  silage 
increased  slightly  during  the  same  period.  Her  average  daily  pro- 
duction increased  from  35.8  pounds  to  41.5  pounds,  an  increase  of 
16  percent.  Her  milk  yield  at  the  close  of  this  12-day  period  was 
back  to  within  3  percent  of  her  yield  at  the  close  of  her  period  on  hay 
alone. 

Starting  December  10,  the  plan  was  to  allow  the  cows  to  eat  as 
much  hay  or  silage  as  they  desired.  No  attempt  was  made  to  control 
the  ratio.  The  hay  and  silage  were  exhausted  on  the  third  day, 
before  the  cows  were  accustomed  to  the  method  of  feeding,  or  the 
relative  amounts  of  hay  and  silage  they  would  have  consumed  were 
known.  During  the  first  2  days  cow  H-53  greatly  increased  her 
consumption  of  hay  at  the  expense  of  the  silage.  Cow  H-49  showed 
some  indications  of  doing  the  same,  though  not  to  the  same  extent. 
Neither  cow  consumed  as  much  dry  matter  on  these  2  days  when 
the  hay  and  silage  was  offered  in  unrestricted  quantities  as  they  had 
on  the  last  2  days  of  the  preceding  period,  when  the  ratio  of  hay  to 
silage  was  controlled. 

Table  23  shows  the  relative  amounts  of  dry  matter  consumed  when 
the  cows  received  both  hay  and  silage  and  when  they  received  hay  or 
silage  alone. 

Table  23. — Dry  matter  consumed  by  two  cows  when  the  ration  was  hay  or  silage 
alone,  compared  with  the  amount  consumed  when  the  ration  contained  both  hay 
and  silage 


Ration  and  feeding  period 

Average      daily      con- 
sumption of  dry  mat- 
ter by  cow— 

H-53 

H-49 

Last  3  days  on  hay 

Pounds 
36.20 

Pounds 

Last  3  days  on  silage ..  ..-  ..  .  -- 

27.97 

27.39 
36.60 

28.20 

Last  2  days  on  first-cutting  interval  hay  and  silage 

37.90 

Cow  H-53  consumed  considerably  less  dry  matter  while  she  was 
receiving  the  first-cutting  mature  hay  and  the  first-cutting  interval 
silage  than  while  she  was  receiving  the  first-cutting  interval  hay 
alone.  When  the  first-cutting  mature  hay  was  replaced  by  first- 
cutting  interval  hay,  however,  her  consumption  of  dry  matter  in 
hay  and  silage  retui-ned  to  the  same  level  as  when  she  was  receiving 
the  hay  alone,     So  far  as  this  cow  is  concerned,  it  cannot  be  said 
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that  adding  silage  to  the  ration  increased  the  amount  of  dry  matter 
consumed  over  the  amount  consumed  when  hay  was  the  entire 
ration.  This  is  not  true,  however,  of  cow  H-49  who  had  been  on 
a  ration  of  silage  alone.  Even  on  the  hay-and-silage  ration  in 
which  the  relatively  unpalatable  first-cutting  mature  hay  was  fed, 
her  consumption  of  dry  matter  increased  slightly  over  her  consump- 
tion when  she  was  on  sUage  alone;  but  when  the  hay  was  changed 
to  first-cutting  interval  there  was  a  marked  increase  in  the  consump- 
tion of  dry  matter  over  that  on  the  ration  of  silage  alone. 

These  very  meager  data  appear  to  indicate  that  good  hay  added 
to  a  ration  consisting  entirely  of  silage  will  increase  the  consumption 
of  dry  matter,  but  that  silage  added  to  a  ration  consisting  entirely 
of  hay  will  not  necessarily  increase  the  consumption  of  dry  matter. 

At  the  close  of  the  hay-and-silage  experiment  both  cows  were  put 
on  the  herd  ration  to  which  they  were  accustomed — alfaKa  hay,  com 
silage,  and  a  grain  mixture.  Table  22  shows  the  milk  production  by 
these  two  cows  on  this  ration  for  the  6  days  following  the  hay-and- 
silage  feeding  test.  The  two  cows  made  a  sharp  increase  in  milk 
flow  during  tnese  6  days.  This  was  probably  because  (1)  they  were 
again  on  the  ration  to  which  they  were  accustomed;  and  (2)  they 
received  a  grain  mixture  in  addition  to  hay  and  silage.  Cow  H-49 
received  27  pounds  of  alfalfa  hay  and  30  pounds  of  corn  silage  a  day. 
Cow  H-53  received  31  pounds  of  alfalfa  hay  and  30  pounds  of  com 
silage  a  day.  These  amounts  do  not  differ  greatly  from  the  amounts 
of  first-cutting  interval  hay  and  silage  they  were  consuming,  but  the 
grain  was  increased  from  4  to  8  pounds  per  day  during  the  6  days. 

The  results  of  this  experiment  are  in  line  with  those  obtained  in  a 
feeding  experiment  with  Sudan-grass  hay  and  Sudan-grass  silage  at 
the  United  States  Dairy  Experiment  Station  at  Woodward,  Okla.  (2). 
They  are  also  supported  by  the  results  of  an  experiment  (13,  p.  12) 
at  the  United  States  Dairy  Experiment  Station  at  BeltsviUe,  Md., 
in  which  the  value  for  milk  production  of  beet  pulp  fed  dry  and  beet 
pulp  fed  wet  was  compared. 

Experiments  conducted  over  much  longer  feeding  periods  will  be 
required  to  settle  definitely  the  question  whether  there  is  any  advan- 
tage in  feeding  both  hay  and  silage  when  the  dry  matter  of  the  hay 
and  silage  are  of  equal  value,  but  these  experiments  do  indicate  that 
there  is  no  value  in  adding  silage  to  the  ration  when  hay  that  has  a 
dry-matter  content  of  equal  value  to  that  of  the  silage  is  available. 

THE  1928  AND  1929  EXPERIMENTAL  RESULTS  COMPARED 

The  results  of  the  grazing  experiments,  and  of  feeding  the  grass  in 
the  green  form,  and  as  hay  and  as  silage  for  the  1928  and  the  1929 
seasons  are  summarized  in  table  24. 

In  order  to  make  the  results  as  nearly  comparable  as  possible,  most 
of  the  items  of  comparison  have  been  computed  on  an  acre  basis. 
Even  so,  the  results  for  the  2  years  are  not  strictly  comparable 
because  of  (1)  the  more  favorable  conditions  for  growth  of  grass  in 
1928;  (2)  the  differences  in  producing  capacities  for  milk  and  butter- 
fat  yields  of  the  animals  used  in  1928  and  in  1929;  (3)  the  animals  not 
being  fed  to  capacity  on  the  green  grass,  hay,  or  silage  in  1928;  and 
(4)  the  variation  in  the  milk  yields  resulting  from  the  variation  in 
consumption  of  hay  and  silage  made  from  grass  of  the  various  stages 
of  maturity. 
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Table  24. — Summary  of  yields  of  feed,  and  of  milk  and  hutterfat  production  of  the 
cows  fed  grass  in  the  different  forms,  for  1928  and  1929  seasons 


Items 

Grazed 

Grass  clipped 
and  fed  green 

Grass  hay 

Grass  silage 

1928 

1929 

1928 

1929 

1928 

1929 

1928 

1929 

Duration  of  grazing  season  or 

feeding  trial days.. 

Average  daily  number  of  cows 

per  acre number- 
Production  per  acre: 

Milk pounds.. 

Butterfat do 

Decline  in  milk  yield-percent.. 

Loss  in  body  weight  per  acre 

pounds.. 

99 

1.84 

4, 676. 0 
177.4 
135.2 

314.0 

109 

1.46 

5,609.0 
205.2 
2  30.6 

196.6 

99 

2.6 

4, 041. 0 
171.1 
3  18.6 

238.0 

5,669.0 

76.6 

19.8 

92 

1.33 

3,896.0 
149.7 
*20.4 

48.0 

4,270.0 

136.6 

32.5 

37 

2.3 

6,195.0 
180.9 
6  18.6 

101.0 

6,501.0 

32.8 

27.3 

20 
1.18 

4,420.0 

186.9 
14.8 

96.0 

3,991.0 

44.1 

36.7 

11 

3.0 

7,993.6 

309.2 

4.9 

40 

1.66 

4,  762. 0 

184.9 

14.7 

238.2 

Yield  of  dry  matter  per  acre 
pounds 

5, 676. 0 
83.9 

21.2 

3,991  0 

Average  consumption  of  feed 

103.6 

Average  consumption  of  dry 

matter   per   cow    per    day 

pounds 

26.1 

1  By  cow  H-32  during  84  consecutive  days  on  pasture,  from  June  3  to  Aug.  25,  inclusive.  She  freshened 
May  29  and  reached  full  flow  of  milk  on  June  3. 

2  By  cow  H-37  for  the  92-day  period,  May  30  to  Aug.  29,  inclusive  (tables  4  and  5). 

3  By  cow  no.  13  for  the  69-day  period  from  June  1  to  Aug.  8,  inclusive.  This  cow  started  on  clipped  grass 
May  19,  freshened  May  28,  but  did  not  reach  the  peak  of  her  milk  flow  until  the  last  3  days  in  June.  She 
gained  15  percent  in  milk  production  from  the  first  3  days  to  the  last  3  days  in  June,  and  declined  29.2  per- 
cent thereafter. 

♦  By  cow  H-32  for  the  65  days  she  received  clipped  grass  (tables  10  and  11). 
6  See  text  p.  6. 

The  effects  of  the  stage  of  maturity  of  the  grass  when  cut  for  hay 
and  silage  on  the  amounts  consumed  and  the  resulting  milk  yields  are 
perhaps  the  most  striking  results  of  the  entire  experiment,  but  because 
of  the  limited  amounts  of  hay  and  silage  of  the  various  cuttings  avail- 
able, it  is  not  possible  to  show  the  results  of  feeding  only  the  best  hay 
and  the  best  silage.  Consequently  the  figures  given  in  table  24  are 
for  all  the  hay  and  all  the  silage,  regardless  of  stage  of  maturity  of 
the  grass  at  time  of  cutting  or  of  the  quality  of  the  roughage,  except 
for  that  part  of  the  1928  grass  silage  that  spoiled  and  was  not  fed. 

The  carrying  capacity  for  an  acre  of  grass,  in  all  forms  in  which  the 
grass  was  consumed,  was  higher  for  the  1928  season  because  of  the 
much  higher  yield  of  grass  that  year.  This  is  also  shown  in  the  yields 
of  dry  matter  per  acre,  the  average  yield  for  1928  in  all  forms  being 
approximately  3  tons  as  compared  to  2  tons  in  1929.  The  carrying 
capacity  per  acre  for  the  clipped  grass,  hay,  and  silage  was  somewhat 
greater  than  that  for  the  pasture  in  1928,  for  the  reason  that  the  cows 
were  not  fed  to  capacity  on  the  grass  hay  and  silage. 

The  carrying  capacities  for  the  four  forms  of  feeding  for  the  1929 
season  agree  fairly  closely.  The  variations  are  due  to  the  differences 
in  the  amounts  of  dry  matter  consumed.  The  consumption  of  dry 
matter  was  greatest  for  the  hay,  followed  by  the  clipped  grass  and 
the  silage  in  that  order.  The  fact  that  the  carrying  capacity  for  the 
grazed  pasture  was  second  only  to  that  of  the  grass  silage  probably 
indicates  that  the  amount  of  dry  matter  consumed  by  the  grazed 
cows  was  between  the  amount  consumed  by  the  cows  fed  silage  and 
the  amount  consumed  by  the  cows  fed  clipped  grass. 

The  yields  of  milk  and  butterfat,  calculated  to  the  amount  that 
would  be  obtained  from  an  acre  of  grass  when  fed  in  each  of  the  four 
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form  of  feeding,  are  remarkably  uniform  for  the  cows  that  were 
grazed  and  for  the  cows  that  were  fed  green  grass  and  hay,  but  they 
are  high  for  the  silage-fed  cows.  The  higher  yield  of  the  silage-fed 
cows  in  1928  is  probably  due  to  the  fact  that  they  were  on  a  higher 
level  of  production  and  that  the  feeding  trial  was  short,  lasting  only 
11  days.  The  yields  for  the  1929  season  are  also  very  uniform,  except 
that  from  green  grass,  which  is  much  lower  than  those  from  the  other 
three  forms.  This  low  yield  from  green  grass  is  partly  due  to  the  fact 
that  the  cow  on  this  experiment  was  put  on  pasture  at  several  periods 
during  the  season  when  there  was  not  enough  grass  available  for 
clipping,  and  that  during  these  periods  on  pasture  she  suffered  a 
marked  decline  in  production.  Attention  is  called  to  the  closeness 
of  the  yields  on  the  hay  and  the  silage. 

The  percentage  of  decline  in  milk  yield  is  probably  more  indicative  of 
the  value  of  the  grass  in  each  of  the  four  forms  of  feeding  than  is  the 
total  milk  yield  calculated  on  an  acre  basis,  since  it  is  not  influenced  to 
the  same  extent  by  the  level  of  production  of  the  cows.  The  decline 
in  milk  yield  by  the  silage-fed  cows  was  just  a  little  greater  in  1928  than 
in  1929,  if  the  difference  in  length  of  the  two  feeding  trials  is  consid- 
ered. This  is  to  be  expected  in  view  of  the  lower  consumption  in  1928. 
The  percentage  of  decline  in  milk  yield  for  the  silage-fed  cows  in  1929 
was  practically  the  same  for  a  40-day  feeding  trial  as  for  the  hay-fed 
cows  during  a  20-day  trial.  In  view  of  the  lower  consumption  of  dry 
matter  by  the  silage-fed  cows,  this  appears  to  indicate  that  the  silage 
was  superior  to  the  hay  in  feeding  value  for  milk  production.  The 
percentages  of  decline  in  milk  yield  by  the  cows  fed  the  green  grass 
and  bv  those  grazed  are  greater  than  for  those  fed  hay  or  silage,  if  no 
consideration  is  given  to  the  length  of  the  feeding  trial.  Considering 
the  length  of  time  cow  H-37  was  grazed,  92  days  in  1929,  the  per- 
centage of  decline  was  no  greater  than  for  the  cows  fed  silage  for  40 
days.  The  decline  of  9.1  percent  for  the  cow  fed  the  green  grass  for 
37  consecutive  days  is  less  than  that  for  the  grazed  cow  when  length 
of  time  is  considered.  On  the  other  hand,  the  percentage  of  decline 
for  the  cows  fed  hay  and  silage  covers  the  period  when  they  were  fed 
both  the  good  and  the  poor  hay  and  silage. 

To  determine  the  actual  feeding  value  of  hav  and  silage  as  com- 
pared to  that  of  the  green  grass  or  pasture,  feeding  trials  should  be 
carried  out  over  a  period  of  a  year  with  hay  and  silage  as  good  as 
that  made  from  the  third-cuttmg  interval  m  1929.  If  the  hay  or 
silage  does  not  lose  any  of  its  nutritive  content  during  the  process  of 
curing  or  fermentation  and  is  made  from  grass  cut  at  the  most  desira- 
ble stage  of  maturity,  the  milk  yield  should  be  maintained  better 
when  cows  are  on  a  ration  of  hay  or  silage  than  when  they  are  grazed, 
or  when  they  are  fed  grass  cut  from  a  permanent  stand  throughout 
the  growing  season,  for  the  reason  that  the  quaUty  and  quantity  of 
the  hay  or  silage  would  be  more  uniform  than  pasture  or  clipped  grass 
over  a  long  period  of  time. 

One  of  the  facts  developed  from  the  2  years'  work  is  that  cows  can 
consume  enough  green  grass,  grass  hay,  or  grass  silage,  without  the 
addition  of  other  feeds  to  the  ration,  to  supply  the  nutrients  needed 
for  body  maintenance  and  a  good  flow  of  milk.  The  nutritive 
requirements  of  the  cows  in  the  various  phases  of  the  experiment  have 
been  calculated  from  their  average  weignt  and  average  production  by 
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the  Savage  feeding  standards.  The  nutrients  consumed  were 
calculated  from  the  average  consumption  of  dry  matter  and  from  the 
analyses  for  the  grass,  hay,  and  silage. 

The  samples  analyzed  in  1928  were  so  few  that  the  1929  analyses 
have  been  used  for  the  1928  computations.  An  average  analysis 
of  the  interval  and  mature  cuttings  was  used  for  the  1929  hay,  and 
for  the  silage  both  years,  while  the  analysis  for  the  interval-cut  hay 
alone  was  applied  to  the  1928  hay,  since  the  hay  was  cut  at  an  earlier 
stage  that  year  than  in  1929.  The  digestibiUty  coefficients  were 
taken  from  several  sources. 

Woodman  (12)  and  associates  conducted  digestion  trials  with  sheep 
on  grass  cut  at  monthly  intervals  during  the  1929  season.  A  digestion 
trial  was  run  on  the  grass  representing  each  month  from  April  to 
August,  inclusive.  An  average  of  these  five  digestion  trials  is  used 
as  the  coefiicient  of  digestibility  for  the  green  grass  fed  in  the  Huntley 
experiment.     These  digestibility  coefficients  are: 

Percent 

Crude  protein 76,  6 

Ether  extract 48.  6 

Nitrogen-free  extract 81.  7 

Crude  fiber 78.  4 

Unfortunately  there  are  no  digestibility  coefficients  entirely  satis- 
factory for  application  to  the  grass  hay  used  in  this  experiment. 
Lindsey  and  associates,  as  reported  by  Henry  and  Morrison  {6,  p.  724), 
conducted  a  digestion  trial  on  grass  hay  that  was  cut  when  very 
mature. 

Hodgson  and  Knott  (7)  conducted  a  digestion  trial  on  pasture 
herbage  cut  at  biweekly  intervals  and  artificially  dried  by  a  process 
that  required  12  minutes  at  temperatures  of  100°  to  200°  F.  Two-year- 
old  Holstein  heifers  were  used  for  this  digestion  trial. 

Watson  {11)  conducted  a  digestion  trial  on  pasture  herbage  arti- 
ficially dried  by  a  process  that  required  approximately  20  minutes. 
The  air-inlet  temperature  was  200°  C.  The  hay  was  made  from 
grass  that  had  received  a  dressing  of  nitrogen  4  weeks  before  cutting, 
and  was  described  as  being  ''short  leafy  grass, '*  which  indicates  that  it 
was  quite  immature.     The  digeston  trial  was  conducted  with  sheep. 

The  coefficients  of  digestibility  obtained  from  these  three  sources 
are  shown  in  table  25. 

Table  25. — Coefficients  of  digestibility  for  grass  hay  as  reported  by  other  investigators 


Reported  by— 

Crude 
protein 

Ether 
extract 

Nitrogen- 
free  ex- 
tract 

Crude 
fiber 

Lindsey  and  associates      

Percent 
55.00 
74.92 
76.36 

Percent 
48.00 
21.90 
59.61 

Percent 
62.00 
74.55 
76.94 

Percent 
63  00 

Hodgson  and  Knott 

72  68 

Watson 

79.16 

Since  the  hay  fed  at  Huntley  was  made  from  grass  cut  before  it 
reached  an  advanced  stage  of  maturity,  and  since  it  was  field  cured, 
its  digestibility  probably  would  fall  somewhere  between  that  reported 
by  Lindsey  and  that  reported  by  Watson  or  Hodgson.  The  total 
digestible  nutrients  and  digestible  protein  consumed  are  calculated 
for  the  hay  for  each  of  the  above  coefficients. 
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The  coefficients  for  digestibility  of  silage,  taken  from  Watson,  have 
been  cited. 

The  data  showing  the  average  body  weight,  and  the  average  pro- 
duction, with  the  calculated  requirements  and  the  consumption  for 
the  cows  fed  the  cUpped  grass,  the  grass  hay,  and  the  grass  silage,  are 
given  in  table  26. 

Table  26. — Digestible  nutrients,  digestible  protein,  calcium  and  phosphorus  con- 
sumed and  required  per  day  by  cows  on  clipped  grass,  grass  hay,  and  grass  silage, 
1928  and  1929 


Items 


A  veraee  amount  of  feed  consumed  per  cow 

per  day pounds.. 

Average  amount  of  dry  matter  consumed 

per  cow  per  day pounds.. 

Average  daily  body  weight .do — 

'Average  daily  milk  production do 

Average  percentage  of  butterfat  in  milk 

percent.. 

Average  amount  of  nutrients  consumed 

per  cow  per  day. pounds.. 

Average  amount  of  nutrients  required  per 
cow  per  day pounds.. 

Digestible  crude  protein  consumed  per 
oow  per  day pounds.. 

Digestible  crude  protein  required  per  cow 

per  day .pounds.. 

Calcium  consumed  per  cow  per  day 

ounces.. 
Phosphorus  consumed  per  cow  per  day 

ounces.. 


Clipped  grass 


1928' 


86.8 

20.6 
1,105 
33.4 

8.7 

14.71 

2a  63 

2.78 

2.94 

2.228 

.949 


1929 


136.6 

32.6 
1.368 
30.0 

3.9 

23.21 

21.00 
4.38 

2.88 
3.520 


Grass  hay 


32.8 

27.3 
1,332 
22.7 

3.6 
U6.44 
U8.06 
*  19. 61 

17.79 
U.91 
»2.60 
«2.64 

2.32 

2.963 

1.258 


1929 


44.1 


40.6 

4.1 
'20.79 
'24.27 
'26.26 

26.^ 
»2.30 
»3. 13 
<3.19 

3.63 

3.969 


Grass  silage 


83.9 

21.2 
1,320 
30.3 

3.9 

14.46 

20.88 
1.93 

2.86 

2.288 

.977 


1929 


103.6 

26.1 
1,281 
31.1 

3.9 

17.80 

2a  84 
2.38 

2.89 
2.816 
1.203 


>  J"or  cow  13,  fed  clipped  grass  for  82  days. 

*  Calculated  by  the  Watson  coefficient  of  digestibility. 

»  Calculated  by  the  Hodgson  and  Knott  coefficient  of  digestibility. 

*  Calculated  by  the  Lindsey  and  associates  coefficient  of  digestibility. 

In  1928  the  cows  fed  the  clipped  grass  did  not  consume  enough 
grass  to  provide  the  protein  or  total  digestible  nutrients  required  for 
maintenance  and  production.  It  will  be  recalled,  however,  that  these 
cows  were  not  fed  to  capacity  in  1928.  In  1929  the  cows  were  fed  to 
capacity,  and  with  an  average  daily  production  of  30  pounds  of  3.9 
percent  milk,  thev  consumed  enough  grass  to  give  them  a  slight  margin 
m  total  digestible  nutrients  and  an  excess  of  some  44  percent  over 
requirements  in  protein.  There  was  a  very  slight  loss  in  weight  in 
1929  as  compared  to  that  in  1928. 

The  hay-fed  cows  in  1928  consumed  enough  hay  on  the  average  to 
supply  the  required  amount  of  total  digestible  nutrients  and  protein 
when  the  Linasey  and  Hodgson  and  Knott  coefficients  of  digestibility 
are  used.  In  1929  the  cows  on  the  grass-hay  ration  had  an  average 
production  of  40.6  pounds  of  4.1  percent  milk  per  day.  Their  average 
daily  consumption  of  44.1  pounds  of  hay  was  sufficient  to  provide 
them  with  the  required  amount  of  total  digestible  nutrients  only,  if 
the  Lindsey  coefficient  of  digestibility  is  used.  These  calculations 
are  based  on  average  consumption  and  average  composition  for  all 
the  various  cuttings  of  hay.  When  receiving  the  third-  and  second- 
cutting  interval  hay  the  consumption  was  much  greater  and  the  hay 
was  of  much  better  quaUty  than  the  average  composition  for  all  cut- 
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tings.  Consequently,  on  the  better  hay,  even  with  the  higher  milk 
yield,  these  cows  obtained  enough  nutrients  from  hay  alone  to  meet 
their  requirements. 

In  1928  the  silage-fed  cows  did  not  eat  enough  silage  to  provide 
nutrients  for  their  requirements.  This  probably  accounts  for  some 
of  the  loss  in  weight  of  the  silage-fed  cows  in  1928,  though  it  appears 
that  not  all  the  abnormally  large  loss  in  weight  can  be  accounted  for 
in  this  way.  In  1929  the  increased  consumption  of  the  silage-fed 
cows  was  still  insufficient  to  provide  enough  nutrients  for  their 
requirements,  though  the  shortage  in  protein  was  slight. 

As  stated  previously,  calcium  and  phosphorus  determinations  were 
made  on  the  first  10  samples  of  the  clipped  grass  secured  in  1929  only. 
The  average  for  those  10  samples  was  0.676  percent  calcium  and  0.288 
percent  phosphorus,  on  a  dry-matter  basis.  This  average  has  been 
apphed  to  the  1928  and  1929  consumption  figures  for  green  grass, 
grass  hay,  and  grass  silage  in  table  26.  These  calculations  for  calcium 
and  phosphorus,  especially  for  the  hay  and  silage,  are  only  indicative. 
Estimates  as  to  the  calcium  and  phosphorus  requirements  of  cows  in. 
milk  differ  considerably.  Ellenberger  {3)  states  that  results  of  his 
experiments  check  fairly  closely  with  the  estimate  of  Kellner  that  a 
1,000-pound  cow  producing  20  pounds  of  4  percent  milk  would  require 
2.25  oimces  of  calcium  and  1  ounce  of  phosphorus.  On  this  basis,  the 
cows  fed  the  green  grass  in  1928  did  not  receive  enough  calcium  or 
phosphorus.  In  1929,  however,  the  grass  consumed  contained 
approximately  the  amount  of  calcium  and  phosphorus  estimated  as 
required  by  Kellner.  The  1928  hay-fed  cows  consumed  enough  hay 
to  exceed  their  requirements  for  calcium  and  phosphorus,  while  the 
1929  hay-fed  cows  consumed  a  little  more  calcium  and  phosphorus 
than  was  needed  to  meet  their  requirements.  The  silage-fed  cows 
were  considerably  below  their  mineral  requirements  in  both  1928 
and  1929. 

These  experiments  indicate  that  cows  can  consume  enough  grass  to 
meet  their  nutritive  requirements  for  body  maintenance  and  for  a  milk 
flow  of  at  least  30  pounds  per  day.  If  grass  hay  is  of  good  quality, 
and  is  made  from  grass  at  an  immature  stage  of  growth,  the  grass  hay 
alone  will  supply  nutrients  for  maintenance  and  a  milk  yield  of  some- 
what more  than  40  pounds  of  4  percent  milk.  (See  production  of 
cows  when  fed  hay  of  the  most  immature  stages  of  growth.)  The 
cows  did  not  consume  enough  grass  silage  to  provide  the  nutritive 
requirements  for  maintenance  and  30  pounds  of  4  percent  milk, 
though  the  slower  rate  of  decline  in  milk  yield  of  the  cows  receiving 
the  grass  silage  as  compared  with  those  receiving  the  grass  hay  indi- 
cates that  the  grass  silage  may  be  somewhat  superior  to  the  grass  hay 
in  stimulating  milk  flow. 

SUMMARY  AND  CONCLUSIONS 

The  fact  that  immature  grasses  are  high  in  protein  and  low  in 
crude  fiber  and  that  the  percentage  of  protein  declines  and  the  per- 
centage of  crude  fiber  increases  as  the  plant  matures  was  discovered 
as  far  back  as  1883  by  research  workers  in  the  United  States  Depart- 
ment of  Agriculture,  was  studied  in  more  detail  by  Morse  at  New 
Hampshire  in  1888,  and  has  been  confirmed  by  other  investigators 
from  time  to  time  since  then;  but  apparently  no  attempt  has  ever 
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been  made  to  take  advantage  of  this  most  important  discovery  in 
feeding  livestock.  The  work  of  Woodman  and  associates,  on  the 
chemical  composition  of  grasses  at  different  stages  of  maturity,  at 
the  University  of  Cambridge  in  more  recent  years,  has  emphasized 
the  value  of  immature  grasses  for  feeding  purposes. 

So  far  as  the  authors  know  the  investigational  work  reported  in 
tliis  bulletin  is  the  first  work  with  livestock — outside  of  digestion 
trials — to  compare  the  feeding  value  of  the  immature  grass  and  its 
products,  hay  and  silage,  with  that  of  the  mature. 

Stage  of  maturity  oi  grass  cannot  always  be  accurately  measured 
in  terms  of  ''days'  growth.''  Temperature  or  moisture  conditions 
may  hasten  or  retard  the  growth. 

The  marked  preference  of  the  cows  for  hay  or  silage  made  from 
immature  grass  as  compared  to  that  made  from  mature  grass  is  shown 
by  the  great  difference  in  rate  of  consumption  and  production.  A 
change  from  immature  to  mature  hay  or  silage  resulted  in  a  prompt 
decrease  in  consumption  and  production. 

The  gain  in  milk  yield  and  loss  in  body  weight  of  cow  H-37  during 
the  1929  season  when  she  was  pastured  on  the  experimental  plot,  and 
the  decline  in  milk  yield  and  gain  in  body  weight  when  she  was  on 
other  pasture,  suggests  that  grasses  at  different  stages  of  maturity 
may  have  very  different  effect  on  the  stimulation  of  milk  flow  and  the 
gain  in  body  weight. 

The  experimental  cows  consumed  more  dry  matter  in  the  form  of 
hay  than  in  silage.  The  consumption  of  both  hay  and  silage  was 
greatest  when  the  hay  or  silage  was  made  from  the  third-cutting 
mterval  grass.  The  average  daily  consumption  for  this  cutting  was 
50.1  pounds  of  hay  containing  41.7  pounds  dry  matter,  and  136.4 
pounds  silage  containing  34.4  pounds  dry  matter.  The  consumption 
of  dry  matter  in  the  form  of  green  grass  was  between  that  of  the  hay 
and  silage. 

The  cows  fed  the  grass  hay  in  1929  were  on  a  higher  level  of  produc- 
tion than  the  cows  fed  green  grass  or  grass  silage.  Their  average 
milk  yield  per  day  was  40.6  pounds.  On  the  basis  of  the  Hodgson- 
Knott  digestibility  coefficient  their  consumption  of  digestible  nutri- 
ents and  protein  did  not  quite  meet  their  requirements;  on  the  basis 
of  the  Watson  coefficient  of  digestibility  there  was  a  considerable 
shortage  of  digestible  nutrients  under  requirements;  and  on  the  basis 
of  the  Lindsey  coefficient  there  was  a  slight  excess  of  nutrients 
consumed  over  requirements. 

The  silage-fed  cows  lost  weight  more  rapidly  than  the  hay-fed  cows 
but  their  decline  in  milk  flow  was  approximately  the  same  in  40  days 
as  that  for  the  hay-fed  cows  in  20  days.  These  declines  are  for  the 
entire  feeding  period,  however,  and  therefore  include  the  time  when 
the  cows  were  receiving  both  the  good  and  the  poor  hay  and  silage. 

There  is  some  indication  that  the  grass  silage  v.as  more  stimulating 
to  milk  flow  than  the  grass  hay. 

Adding  grass  silage  to  the  ration  of  a  cow  receiving  grass  hay  did 
not  increase  the  consumption  of  dry  matter,  but  adding  ^rass  hay 
to  the  ration  of  a  cow  receiving  grass  silage  did  result  in  an  mcreased 
consumption  of  dry  matter. 

Green  grass,  whether  grazed  or  cut  and  fed  green,  can  be  consumed 
in  quantities  large  enough  to  supply  the  nutrients  for  body  mainte- 
nance and  for  a  large  now  of  milk  when  the  grass  is  available  in 
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sufficient  quantities  and  at  an  immature  stage.  The  difficulty  in 
maintaining  a  large  flow  of  milk  over  a  considerable  period  on  grass 
alone  is  caused  by  the  great  variation  in  rate  of  growth  at  different 
seasons,  even  where  moisture  is  available.  The  variation  in  the 
growth  of  the  grass  results  in  an  oversupply  of  nutrients  at  one  period 
and  an  undersupply  at  another.  This  is  apparently  the  main  cause 
of  decline  in  milk  flow  of  cows  grazed  or  fed  green  grass. 

In  1928  the  same  number  of  cows  were  fed  the  clipped  grass  as 
were  being  pastured  on  a  plot  of  the  same  size  as  that  furnishing  the 
clipped  grass.  The  1928  cows  consumed  an  average  of  only  75.6 
pounds  of  green  grass  per  day.  Since  the  same  number  of  cows  were 
grazed,  it  may  be  assumed  that  the  grazed  cows  obtained  approxi- 
mately the  same  amount  of  grass.  The  1929  cows  when  fed  to 
capacity,  however,  consumed  an  average  of  136.6  pounds  of  green 
grass  per  day.  This  may  indicate  the  impossibility  of  properly 
determining  the  number  of  cows  that  should  graze  a  plot  of  given 
size,  or  it  may  indicate  that  a  cow  will  eat  a  great  deal  more  when 
the  grass  is  cut  and  brought  to  her  than  when  she  has  to  harvest  it 
herself. 

Comparisons  of  the  yields  of  dry  matter,  protein,  and  the  per- 
centage of  protein,  of  the  four  plots  in  1929,  show  that  the  two  plots 
that  were  cut  four  times  had  the  first  and  third  highest  yields  of  dry 
matter,  the  plot  cut  three  times  had  the  second  highest  yield,  and  the 
plot  cut  twice  had  the  lowest  yield.  The  yield  of  protein  and  the 
percentage  of  protein  are  definitely  related  to  the  number  of  cuttings, 
the  plots  cut  four  times  having  both  the  greatest  yield  of  protein  and 
the  highest  percentage  of  protein,  while  the  plot  cut  twice  had  the 
lowest.  The  yield  of  protem  (on  an  acre  basis)  on  one  of  the  plots  cut 
four  times  was  a  little  more  than  double  that  of  the  plot  cut  twice. 

Although  the  incompleteness  of  these  experiments  is  recognized, 
the  results,  together  with  those  of  other  experiments  by  this  Bureau, 
point  the  way  to  possible  changes  in  methods  of  livestock  feeding. 
Some  of  these  methods  or  changes  are — 

The  livestock  man  may  have  most  of  his  land  in  permanent  grass 
and  l^umes.  He  may  graze  his  animals,  but  the  surplus  growth  of 
grasses  and  legumes  may  be  saved  in  the  form  of  hay  or  silage,  to  be 
fed  as  supplements  to  the  pastures  and  to  form  either  the  entire 
ration  or  the  main  part  of  the  ration  during  that  part  of  the  year 
when  grazing  is  not  available. 

To  make  such  a  system  possible  the  grass  would  have  to  be  cut  at 
an  immature  stage  of  growth  such  as  that  of  the  third-cutting  interval. 
This  would  be  true  at  least  for  milk  production. 

The  hay,  silage,  or  grazed  grass  would  be  the  basal  ration.  Grain 
could  be  added  in  such  amounts  as  increased  production  would  war- 
rant. These  experiments  and  others  carried  out  by  this  Bureau  and 
under  way,  show  that  dairy  cows  can  consume  an  amount  of  hay, 
silage,  or  green  grass  sufficient  to  support  body  maintenance  and  a 
good  flow  of  milk. 

The  advantages  of  such  a  system  of  livestock  farming  would  be: 
Less  cultivation  of  soil;  conservation  of  soil  fertility  and  reduction  of 
soil  erosion;  farms  would  keep  the  number  of  animals  they  could 
support;  when  prices  of  products  were  low,  more  dependence  could  be 
put  on  the  hay  or  silage  ration,  with  perhaps  a  lower  but  more  profit- 
able production. 
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Animals  that  have  been  accustomed  to  a  heavy  grain  ration  cannot 
be  changed  abruptly  to  a  ration  of  roughage  alone  without  a  marked 
loss  in  production.  Such  animals  must  develop  the  ability  to  consume 
large  amounts  of  roughage.  In  any  event  a  roughage  ration  will  not 
be  successful  unless  the  roughage  is  of  fine  quality  in  every  respect. 
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INTRODUCTION 

Sweetclover  has  become  increasingly  important  during  the  last  10 
years  in  many  sections  of  the  Great  Plains  area.  Because  of  its 
adaptability  to  a  wide  range  of  soil  and  climatic  conditions  it  is 
better  suited  to  the  cropping  systems  of  that  area  than  are  any  of  the 
true  clovers.  It  is  being  used  to  restore  productiveness  in  many  of 
the  older  farming  sections  in  which  grain  farming  has  depleted  soil 
fertility,  and  has  become  an  important  pasture  and  hay  crop  in  more 
recently  developed  sections  in  which  native  pastures  and  meadows 
have  been  broken  up  and  destroyed  during  the  great  expansion  in 
small-grain  production. 

Accurate  figures  on  the  acreage  of  sweetclover  for  all  purposes  in 
this  area  are  not  available.     Census  data  on  the  acreage  pastured  and 
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the  acreage  cut  for  hay  are  available  for  the  year  1929,  and  estimates 
of  the  Crop  Reporting  Board  of  the  acreage  cut  for  hay  and  the  acre- 
age harvested  for  seed  are  available  for  some  States.  These  figures 
do  not  present  the  true  picture,  however,  since  they  do  not  take  into 
consideration  the  acreage  plowed  under  for  soil  improvement.  More- 
over, there  probably  is  considerable  duplication  in  the  acreages  given 
since  in  many  instances  a  seed  crop  is  harvested  from  a  field  that  was 
pastured  early  in  the  season,  or  from  the  second  growth  following  the 
removal  of  a  hay  crop. 

The  acreage  reported  as  harvested  for  seed  has  decreased  during 
the  last  few  years,  largely  as  a  result  of  rapidly  declining  prices.  It 
is  obvious  that  in  some  States  the  total  acreage  of  sweetclover  for  all 
purposes  has  increased  rapidly  during  the  last  10  years.  Nebraska, 
for  example,  reported  54,000  acres  in  1921  and  1,126,000  acres  in  1930, 
an  increase  of  over  1,000,000  acres  in  10  years.  The  acreage  in  South 
Dakota  increased  more  than  50  percent  from  1927  to  1930. 

PURPOSE  AND  SCOPE  OF  THE  STUDY 

This  study  is  a  continuation  of  a  cooperative  effort  of  the  Division 
of  Farm  Management  and  Costs,  Bureau  of  Agricultural  Economics, 
and  the  Division  of  Forage  Crops  and  Diseases,  Bureau  of  Plant 
Industry,  to  determine  the  most  effective  practices  in  the  production 
and  utilization  of  sweetclover  and  the  place  this  crop  occupies  in  the 
farm  organization  of  different  regions.  Results  of  the  first  of  these 
regional  studies,  which  was  completed  in  1930,  are  given  in  a  mimeo- 
graphed preliminary  report,^  and  in  Farmers'  Bulletin  1653  (1).^ 

In  the  present  study  particular  attention  was  given  to  seeding 
methods  and  practices,  cost  and  quantity  of  seed  used  and  labor  and 
power  requirements  in  seeding  under  different  methods;  the  amount 
of  pasture  provided  by  sweetclover;  hay-making  practices  and  yields 
of  hay;  harvesting  practices  and  yields  of  seed;  effect  of  sweetclover 
on  crop  yields;  and  the  place  sweetclover  occupies  in  the  cropping 
systems  of  different  sections.  Attention  was  also  given  to  the  matter 
of  bloat  trouble  from  pasturing  the  crop,  and  the  so-caUed  ''sweet- 
clover disease"  or  ''sweetclover  poisoning"  from  feeding  sweetclover 
hay. 

Information  was  obtained  in  selected  sections  from  500  farmers  who 
had  had  several  years'  experience  with  growing  and  using  sweetclover 
on  their  farms.^  The  location  of  the  sections  in  which  the  study  was 
made  is  shown  in  figure  1.  The  number  of  farm  records  obtained  in 
each  State  is  shown  in  table  1. 


1  Crosby,  M.  A.  cost  of  production  and  effective  utilization  of  sweetclover  on  corn-belt 
FARMS.    U.S.  Dept.  Agr.,  Bur.  Agr.  Econs.    25  p.    1930.     [Mimeographed.] 

2  Italic  numbers  in  parentheses  refer  to  literature  cited,  p.  53. 

3  Officials  of  the  State  agricultural  colleges  and  experiment  stations  in  each  State  helped  to  plan  the 
field  work  and  selected  the  areas  in  which  the  study  was  to  be  conducted,  and  the  county  agents  in  each 
of  the  counties  in  which  data  were  obtained  rendered  invaluable  assistance  in  making  contacts  with  sweet- 
clover growers, 
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Table  1. — Method  of  utilizing  sweelclover  on  500  farms ^  by  Stales 


Farmers  reporting  use  of  sweetclover  for— 

1 

Farms  using  sweetclover  for— 

State 

Pasture 
only 

1 

a 

CO 

3 

OS 

Hay 
only 

>> 

1 

1 

§ 

>> 

a 

Pasture 

Hay 

=3 

I 

.^1 

T3 

a  u 

CO 

Seed 

North  Dakota 

South  Dakota 

No. 

No. 
22 
4 
3 
8 
15 
15 
7 
3 
4 

No. 

7 

14 
18 

No. 

37 
5 

15 
5 

14 
9 
9 
3 
5 

No. 
7 
6 

.... 

11 
4 
23 
18 
1 

No. 

17 
5 

16 
2 
3 
6 

22 
5 

No. 
"5 

No. 
4 

1 
8 
2 
1 
4 
2 

No. 
3 
2 

1 
1 
10 

"'5' 
1 

No. 
1 
4 
3 
3 
1 
1 
5 

No. 
2 
2 

"2' 
3 
3 

7 
1 
2 

No. 

100 
35 
47 
27 
81 
50 

101 
39 
20 

No. 
90 
26 
3.") 
19 
61 
42 
81 
37 
18 

Pet. 

90 
74 
74 
70 
75 
84 
80 
95 
90 

No. 
59 
19 
42 
12 
24 
20 
39 
8 
6 

Pet. 
59 
54 
89 
44 
30 
40 
39 
21 
30 

No. 

28 

16 

20 

7 

25 
11 
65 
24 
1 

Pet. 
28 
46 

43 

Wyoming      .  .  .  . 

26 

Nebraska 

4 
3 
2 

1 

31 

Colorado 

22 

KAn)^<i 

M 

Oklahoma 

62 

Texas . 

5 

Total 

10 

81 

69 

102 

70 

77 

6 

22 

23 

18 

22 

500 

409 

81.8 

229 

45.8 

187 

37.4 

In  the  cost  data  herein  presented  only  ''cash  costs"  and  quantities 
of  man  labor  and  horse  work  are  considered.     Materials  like  seed, 


LOCATION  OFCOUNTIES  IN  WHICH  SWEETCLOVER 

Studies  were  Made 


Figure  1.— Sweetclover  is  well  distributed  over  the  Great  Plains  area.  The  sections  studied  are  repre- 
sentative of  conditions  of  soil,  climate,  and  type-of-farming  existing  in  different  parts  of  the  various 
States. 

lime,  and  inoculating  culture  are  given  at  cost  if  bought  and  at  farm 
value  if  furnished  by  the  farm.  The  quantities  of  man  labor  and  horse 
work  required  for  seeding  are  given  in  hours.  In  cases  in  which  sweet- 
clover was  seeded  with  smafl  grain  no  attempt  has  been  made  to 
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allocate  the  labor  between  the  two  crops,  only  such  additional  labor 
as  was  required  for  seeding  sweetclover  being  charged  to  that  crop. 
No  charge  for  depreciation  or  interest  on  investment  in  equipment 
has  been  included.  Such  charge  would  be  difficult  to  determine  and 
so  small  as  to  be  negligible. 

All  data  relative  to  seeding  costs,  carrying  capacity  of  pasture, 
acreage  and  production  of  hay,  and  acreage  and  production  of  seed 
are  for  the  year  1930  unless  otherwise  indicated. 

HOW  SWEETCLOVER  IS  USED 

Sweetclover  has  a  wide  range  of  uses.  In  the  more  humid  eastern 
portion  of  the  Great  Plains  and  in  the  irrigated  sections  it  is  used  to 
maintain  or  restore  soil  fertility,  as  a  pasture,  as  a  hay  crop,  and  as  a 
seed  crop.  In  the  subhumid  to  semiarid  sections  it  is  more  generally 
grown  for  pasture  and  for  hay,  soil  improvement  being  a  minor 
consideration. 

Records  from  500  farms  show  sweetclover  being  used  more  generally 
for  pasture  than  for  any  other  purpose  (table  1).  In  combination 
with  other  uses,  it  was  utilized  for  pasture  on  more  than  four  fifths  of 
the  farms,  and  was  used  exclusively  for  this  purpose  on  approximately 
one  third  of  the  farms.  The  practice  of  using  the  crop  for  hay  was 
more  general  in  the  northern  Great  Plams  States — the  Dakotas, 
Montana,  and  Wyoming — where  proportionately  more  roughage  is 
needed  for  carrying  livestock  through  the  winter.  Although  used 
incidentally  for  soil  improvement  on  the  majority  of  farms,  it  was 
used  exclusively  for  this  purpose  on  less  than  5  percent  of  the  farms 
studied. 

From  more  than  one  third  of  all  the  farms  was  the  harvesting  of 
some  seed  reported,  but  on  relatively  few  was  seed  production  an 
important  phase  of  sweet-clover  production.  On  many  farms  seed 
was  harvested  principally  for  home  use  or  to  supply  local  demand. 
The  largest  percentage  of  farms  harvesting  seed  were  reported  from 
Kansas  and  Oklahoma  respectively,  and  the  smallest  percentage 
from  Texas. 

VARIETIES  GROWN 

Two  species  and  one  botanical  variety  of  sweetclover  are  grown 
on  Great  Plains  farms.  Biennial  white  {Melilotus  alba)  the  common 
white  blossom,  and  biennial  yellow  (M.  officinalis)  the  common  yellow 
blossom  are  the  species,  and  Hubam,  an  annual  variety  of  the  biennial 
white,  is  the  botanical  variety.  Grundy  County  white,  Essex,  and 
Arctic  are  smaller  and  earlier  maturing  varieties  of  the  biennial  white, 
and  Albotrea  and  Switzer  are  varieties  of  the  biennial  yellow. 

Biennial  white,  usually  called  ** common  white",  ''large  white", 
or  ''common"  sweetclover  is  most  widely  grown  and  was  reported 
from  356  or  71  percent  of  the  farms  studied  (table  2).  Biennial  yellow, 
usually  referred  to  as  "yellow  blossom",  or  "yellow",  was  grown  on 
117  or  approximately  23  percent  of  the  farms.  Grundy  County  white 
was  reported  from  25  farms,  and  Hubam  from  2  farms.  On  13  farms 
a  mixture  of  biennial  white  and  biennial  yellow  was  grown. 
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Table  2. — Varieties  of  sweetclover  grown 

States, 

on  500  farms  in  the  Great  Plains,  by 
1930 

Farms 

in- 
cluded 

Farms  growing— 

State 

Wliite  biennial 

Yellow  biennial 

Qrundy  County 

Ilubani 

North  Dakota 

Num- 
ber 

100 
35 
47 
27 
81 
50 

101 
39 
20 

Num- 
ber 
01 
28 
21 
16 
72 
11 
89 
39 
19 

Per- 

cent 
61.0 
80.0 
44.7 
59.2 
88.9 
22.0 
88.1 

100.0 
95.0 

Num- 
ber 
23 
1 
29 
11 
7 
38 
8 

Per- 
cent 
23.0 
2.9 
61.7 
40.7 
8.6 
76.0 
7.9 

Num- 
ber 
16 

7 

1 

Per- 
cent 
16.0 
20.0 
2.1 

ber 

Per- 
cent 

South  Dakota  ' 

1 

2.9 

Montana  ' 

Nnhraska  > 

1 

1.2 

1 

2.0 

Kansas  * 

Oklahoma 

Texas ' 

...- 

Total 

500 

356 

71.2 

117 

23.4 

25 

5.0 

2 

.4 

»  More  than  1  variety  was  grown  on  some  farms. 

*  On  some  farms  a  mbcture  of  white  biennial  and  yellow  biennial  was  grown. 

The  kind  of  sweetclover  grown  depends,  to  some  extent,  on  the 
use  to  be  made  of  the  crop.  Many  farmers  were  growing  a  certain 
kind  because  it  best  suited  them  for  some  special  use ;  others  expressed 
no  preference  and  were  growing  a  certain  kind  because  they  first 
started  with  it  and  had  never  grown  any  other. 

In  general,  those  growing  the  common  biennial  white  preferred  it 
because  its  larger  growth  and  longer  growing  season  provides  a  greater 
quantity  of  pasture  and  a  longer  grazing  period,  and  because  it  is 
generally  considered  best  for  soil  improvement.  This  species  pre- 
dominates in  the  more  humid,  eastern  part  of  the  area,  and  in  the 
irrigated  sections  of  Montana  and  the  North  Platte  Valley  in  Ne- 
braska and  Wyoming.  Growers  of  the  biennial  yellow  prefer  it 
because  it  is  more  persistent  in  reseeding  in  pastures,  because  it 
makes  a  finer  quality  of  hay  than  the  common  white,  and  because  it 
is  easier  to  handle  as  a  hay  or  seed  crop.  This  species  is  in  most 
common  use  in  Colorado,  and  in  the  dry-farming  sections  of  Montana 
and  Wyoming.  Grundy  County  white  was  found  principally  in  the 
Dakotas.  This  variety  is  preferred  because  it  makes  a  finer  hay,  and 
because  its  shorter  growth  and  more  uniform  seeding  habits  make  it 
easier  to  harvest  for  seed.  Growing  a  mixture  of  comnaon  white  and 
yellow  blossom  in  some  instances  was  accidental,  but  in  some  cases 
it  was  intentional  because  the  growers  regarded  the  mixture  as 
superior  for  pasture  to  either  sort  when  grown  alone.  As  compared 
with  biennial  white  or  biennial  yellow,  Hubam  is  inferior  as  a  pasture, 
hay,  or  soil-improvement  crop  and  has  little  to  recommend  its  more 
extensive  use.  Its  greatest  usefulness  is  as  a  green-manuring  crop 
for  plowing  under  in  the  fall  and  as  a  fall  pasture  crop  for  bees. 

PRODUCTION  REQUIREMENTS 

The  principal  physical  and  biological  requirements  for  the  successful 
production  of  sweetclover  are  an  alkaline  or  neutral  soil,  the  presence 
of  phosphorus  in  the  soil,  and  inoculation.  Fortunately,  over  most 
of  the  vast  area  of  the  Great  Plains  the  soils  are  found  to  meet  these 
requirements,  and  in  only  comparatively  few  districts  is  liming  or 
inoculation  found  to  be  necessary  for  sweetclover  production.     An 
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exception  is  found  in  southwestern  Kansas,  where  many  soils  will  not 
successfully  grow  sweetclover  without  liming.  In  other  districts  in 
the  eastern  third  of  Kansas  and  in  southwestern  Nebraska  the  soils 
of  certain  limited  areas  have  become  deficient  in  lime  through  con- 
tinuous cropping,  washing,  and  leaching;  they  need  an  application  of 
lime  in  order  to  produce  sweetclover  economically.  Long-continued 
cropping  to  corn  and  small  grain  has  greatly  depleted  some  soils  of 
their  phosphorous  content;  where  this  condition  exists  an  application 
of  superphosphate  in  addition  to  lime  has  brought  highly  satisfactory 
results.  Most  soils  of  the  Great  Plains  are  naturally  supplied  with 
the  bacteria  required  for  inoculating  sweetclover,  and  in  no  part  of 
the  area  except  in  the  eastern  half  of  Kansas  and  central  Oklahoma 
was  it  foimd  that  artificial  inoculation  was  considered  essential  for 
sweetclover  production. 

UMING 

Data  relative  to  the  quantity  of  lime  used  and  the  amount  of  labor 
required  in  hauling  and  spreading  lime  were  obtained  from  six  farms, 
all  located  in  Anderson  Coimty,  Kans.  An  abundant  supply  of  lime 
rock  is  available  for  crushing  in  this  locality,  and  with  one  exception 
the  limestone  used  was  obtained  on  the  farm  on  which  it  was  applied. 
The  crusher  was  hired,  but  the  tractor  for  operating  the  crusher  and 
the  crew  used  in  crushing  were  furnished  by  the  farmer.  The  usual 
crew  used  was  4  men  for  crushing  and  3  men  and  4  horses  for  hauling 
and  spreading.  In  most  instances  the  operations  of  crushing,  hauling, 
and  spreading  were  performed  at  the  same  time,  and  exchange  labor 
was  used  to  make  up  the  crew. 

The  average  application  on  these  farms  was  2.54  tons  per  acre,  and 
the  average  amount  of  labor  required  for  hauling  the  rock  to  the 
crusher,  crushing,  hauling  the  crushed  rock  to  the  field,  and  spreading, 
was  4.5  man-hours  and  2.8  horse-hours  per  acre.  The  average  short 
haul  in  getting  the  limestone  to  the  crusher  and  the  crushed  limestone 
to  the  field  is  reflected  in  the  relatively  small  amount  of  horse  work 
required.  The  limestone  was  crushed  in  a  portable  crusher,  and  the 
only  cash  outlay  was  a  charge  of  $1  per  ton  for  the  use  of  the  crusher. 
In  localities  where  crushed  Emestone  has  to  be  purchased  and  hauled 
from  town  or  railway  siding,  both  the  cash  outlay  and  the  expenditure 
of  labor  would  undoubtedly  be  much  greater  than  on  these  farms. 
In  a  study  of  liming  costs  on  31  Corn  Belt  farms  on  which  an  average 
of  2.65  tons  of  lime  per  acre  was  applied,  the  average  cost  of  lime  was 
$4.83  per  acre,  and  the  average  amount  of  labor  required  for  hauling 
and  spreading  was  4.4  man-hours  and  8.2  horse-hours  per  acre  (1). 

PHOSPHORUS 

In  many  of  the  older  farming  sections  it  has  been  found  that  appli- 
cations of  superphosphate  are  as  essential  to  successful  sweetclover 
production  as  are  applications  of  Hme.  This  is  particularly  true  of 
land  on  which  alfalfa  has  been  grown  for  several  years.  Several 
instances  were  reported  in  Oklahoma  and  Kansas  in  which  failure  to 
obtain  a  stand  of  sweetclover  was  first  attributed  to  the  exhaustion 
of  Hme  in  the  soil  and  later  found  to  result  from  phosphorous  defi- 
ciency. Field  experiments  conducted  by  County  Agent  J.  A.  Hen- 
dricks in  Anderson  County,  Kans.,  show  that  applications  of  lime 
alone  are  seldom  sufficient  to  insure  a  satisfactory  stand  but  that 
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when  both  lime  and  superphosphate  are  applied  a  stand  is  practically 
assured.  Cooperating  farmers  who  applied  150  pounds  of  16  per- 
cent superphosphate  per  acre  when  seeding  sweetclover  in  1930 
succeeded  in  holding  their  stands,  while  in  practically  all  instances  in 
which  no  superphosphate  was  applied  stands  were  lost  because  of  the 
severe  drought  in  that  year.  The  Kansas  Agricultural  Experiment 
Station  recommends  an  application  of  150  pounds  of  superphosphate 
per  acre  when  sweetclover  is  seeded  (10).  Farmers  in  central  and 
west-central  Oklahoma  were  obtaining  satisfactory  results  from  the 
use  of  400  pounds  of  hme  phosphate  per  acre  applied  at  the  time 
sweetclover  was  seeded. 

INOCULATION 

Data  on  the  cost  of  inoculating  sweetclover  seed  were  obtained 
from  34  Kansas  farms  and  7  Oklahoma  farms.  On  many  of  these 
farms  sweetclover  could  have  been  grown  without  the  use  of  artificial 
inoculation,  but  the  farmers  had  found  that  inoculation  was  good 
economy  even  when  the  required  bacteria  was  already  present  in  the 
soil  and  that  when  inoculation  was  resorted  to  the  growth  of  sweet- 
clover was  thriftier  and  better  stands  were  obtained.  In  Kansas,  most 
of  the  inoculating  culture  was  obtained  through  the  farm  bureau, 
the  average  cost  being  47  cents  for  a  quantity  sufficient  to  inoculate 
1  bushel  of  seed.  In  Oklahoma,  the  average  cost  was  80  cents  for 
culture  for  1  bushel  of  seed.  Part  of  the  culture  was  obtained  through 
the  coimty  agents  and  part  bought  from  dealers.  The  average  cost 
of  inoculation  for  1  acre  was  11.2  cents  in  Kansas  and  19.24  cents  in 
Oklahoma.  The  amount  of  labor  required  for  inoculating  was 
insignificant  and  amounted  to  only  0.03  man-hour  per  acre  in  Kansas 
and  0.05  man-hour  per  acre  in  Oklahoma. 

It  is  usually  advisable  to  inoculate  when  seeding  sweetclover  on  a 
particular  tract  of  land  for  the  first  time.  The  cost  is  relatively  small, 
and  inoculation  may  mean  the  difference  between  success  and  failure. 
Should  the  first  seeding  in  a  field  be  thin  and  scattering,  it  is  advisable 
to  let  it  stand  and  reseed,  for  farm  experience  teaches  that  once 
sweetclover  has  been  grown  on  land,  later  seedings  are  more  likely 
to  succeed. 

SEEDING  METHODS 

Seeding  methods  vary  in  different  sections  and  appear  to  be  gov- 
erned to  a  considerable  extent  by  the  kind  of  seeding  equipment 
available  on  the  farm,  by  weather  conditions,  and  by  cultural  practices 
most  Ukely  to  result  in  obtaining  and  holding  a  satisfactory  stand  under 
existing  conditions.  Seeding  was  usually  done  with  such  equipment 
as  was  available  on  the  farm.  In  most  instances  this  was  a  grain  drill  ; 
in  others  an  end-gate  seeder,  a  wheelbarrow  seeder,  a  seeder  attach- 
ment for  a  harrow,  cultipacker,  or  roller,  or  a  hand  seeder  was  used. 
The  manner  of  seeding  was  to  some  extent  determined  by  the  annual 
rainfall  and  the  amount  of  soil  moisture  available  at  seeaing  time,  by 
the  likelihood  of  midsummer  drought,  and  by  the  danger  of  loss  of 
stand  from  weed  competition  or  soil  blowing.  Many  farmers  change 
their  seeding  practices  to  meet  varying  weather  conditions  or  changes 
in  their  cropping  systems. 
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SEEDING  WITH  A  NURSE  CROP 

The  most  common  method  of  seeding  sweetclover  is  with  a  nurse 
crop  in  the  spring  (table  3).  This  practice  is  the  usual  rule  in  the 
more  humid,  eastern,  portion  of  the  area  and  in  the  irrigated  sections. 
It  is  most  economical  in  the  use  of  labor  and  permits  of  greatest 
effectiveness  in  the  utilization  of  land.  Approximately  80  percent  of 
the  farms  included  in  this  study  were  seeding  in  this  manner;  about 
70  percent  were  seeding  with  spring  grain — oats,  barley,  spring  wheat, 
or  flax — and  10  percent  were  seeding  on  winter  grain  in  the  spring. 


Table  3. — Acreage  seeded,  seed  required,  cost  of  seed,  man  labor,  and  horse  work  used, 
according  to  method  of  seeding  sweetclover  on  4^2  farms  ^ 


Method  of  seeding 


Farms 
report- 
ing 


Acre- 
age 
seeded 


Seed  used 


Aver- 
age 
per 
acre 


Aver- 
age 
cost 
per 

pound 


Aver- 
age 

cost 
per 

acre 


Man 

labor 

per 

acre 


Horse 
work 
per 
acre 


Seeded  with  nurse  crop: 

Seed  broadcast  ahead  of  drill 

Seed  drilled  in  with  grain 

Seed  broadcast  behind  drill  and  covered, 
or  drilled  in  after  grain  is  seeded 

Seed  broadcast  on  winter  grain  and  left 
uncovered 

Seed  broadcast  on  spring  grain  and  left 
uncovered 

Drilled  in  winter  grain  in  spring  or  broad- 
cast and  harrowed  in - 

Seeded  with  grain  in  fall. 

Seeded  alone: 

Drilled  or  broadcast  and  harrowed  in  on 
prepared  land 

Drilled  in  row-crop  or  small-grain  stubble 
without  preparation 

Drilled  in  rows. 


Number 
143 

118 

55 

25 

24 

18 
3 


Acres 
6,921 
7,395 

1,741 

837 

574 

541 
181 

1,392 

937 
13 


Pounds 
11.1 
11.1 

12.7 

13.3 

13.3 

13.7 
10.1 


13.8 
9.2 


Cents 

7.5 
7.0 

7.3 

7.2 

8.2 

8.1 
6.2 

8.0 

7.8 


Dollars 
0.83 

.78 

.92 

.96 

1.09 

1.11 
.63 

1.14 

1.08 


Hours 

0.05 

.02 

.72 

.35 

.41 

.65 
.12 

1.83 

3!  23 


Hours 
0.12 


1.66 

.11 

.05 

2.14 
.33 

6.23 

2.06 
6.92 


The  method  of  seeding  on  18  farms  did  not  fall  within  any  of  these  groups. 


Farms  reporting  located  in- 

Method  of  seeding 

North 
Dakota 

South 
Dakota 

Mon- 
tana 

Wyo- 
ming 

Ne- 
braska 

Colo- 
rado 

Kansas 

Okla- 
homa 

Texas 

Seeded  with  nurse  crop: 
Seed  broadcast  ahead  of 
drill 

Number 
42 
47 

4 

1 

Number 
13 
10 

10 

Number 
12 

27 

1 

Number 
12 
3 

5 

Number 
29 
11 

18 
5 
8 
1 

Number 
21 
13 

2 
4 
2 

1 

Number 

7 
6 

14 
5 
13 

7 

Number 

7 

1 

7 

Number 

Seed  drilled  in  with  grain- 
Seed   broadcast   behind 
drill  and  covered,  or 
drilled  in  after  grain  is 
seeded 

1 

Seed  broadcast  on  winter 
grain  and  left  uncov- 
ered 

3 

Seed  broadcast  on  spring 
grain  and  left  uncov- 
ered 

1 

Drilled  in  winter  grain 
in  spring  or  broadcast 
and  harrowed  in 

1 

5 

3 

Seeded  with  grain  in  falL 
Seeded  alone: 

Drilled  or  broadcast  and 
harrowed   in   on   pre- 

3 

3 

3 
3 

7 

5 

23 
24 

8 
9 

9 

Drilled  in  row-crop  or 
small-grain       stubble 
without  preparation 

Drilled  in  rows 
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Two  methods  were  outstanding  when  the  sweetclover  was  seeded 
with  a  nurse  crop  in  the  spring:  (1)  Broadcasting  the  seed  ahead  of  the 
drill  at  the  time  of  seeding  the  grain  and  (2)  driUing  the  seed  in  with 
the  grain.  Another  common  method  in  some  sections  was  to  seed 
immediately  after  the  grain  was  put  in  by  drilling  the  clover  seed  in 
or  by  broadcasting  the  seed  and  covering  with  a  harrow,  cultipacker, 
or  roller. 

Several  different  practices  were  followed  when  the  seed  was  broadcast 
ahead  of  the  drill.  Those  using  a  grain  drill  with  a  seeder  attachment 
allowed  the  clover  seed  to  fall  ahead  of  the  drill  disks  or  shoes.  Others 
broadcast  the  seed  ahead  of  the  drill  with  a  hand  seeder,  a  wheel- 
barrow seeder,  or  an  end-^ate  seeder.  Broadcasting  the  seed  ahead  of 
the  drill  was  usually  satisfactory  where  ample  spring  moisture  was 
available.  It  was  a  common  practice  in  the  eastern  part  of  the 
Dakotas  and  Nebraska  and  in  the  irrigated  sections  of  Nebraska, 
Colorado,  and  Wyoming. 

Two  practices  were  followed  when  the  clover  seed  was  drilled  in 
with  the  grain.  If  a  grain  drill  equipped  with  a  seeder  attachment 
was  available  the  clover  seed  was  run  in  the  same  spout  with  the 
grain.  If  the  driU  had  no  seeder  attachment  the  clover  seed  was 
rriLxed  with  the  grain  and  both  were  drilled  in  together.  An  advantage 
of  this  method  is  that  all  the  clover  seed  gets  covered.  A  disadvantage 
is  that  the  clover  seed  is  sometimes  covered  too  deeply  foi*  satisfactory 
results.  Many  farmers  obviate  this  difficulty  by  drilling  the  grain 
only  about  an  inch  deep  and  following  with  a  cultipacker  or  roller. 

Broadcasting  the  seed  behind  the  drill  and  covering  with  a  weeder, 
harrow,  cultipacker,  or  corrugated  roller  was  practiced  mostly  in 
South  Dakota,  central  Nebraska,  and  central  Kansas.  Aside  from 
requiring  more  man  labor  and  horse  work  than  the  foregoing  methods 
this  practice  has  some  advantages  and  usually  brings  satisfactory 
results.  The  operation  of  drilling  in  the  grain  tends  to  make  a  firmer 
seed  bed  for  the  clover  seed,  and  the  latter  is  not  covered  so  deeply 
as  when  broadcast  ahead  of  the  driQ.  In  one  Nebraska  community 
most  of  the  seeding  was  done  with  a  seeder  attachment  which  dropped 
the  seed  ahead  of  a  cultipacker  or  double  corrugated  roller;  no  diffi- 
culty in  obtaining  a  satisfactory  stand  was  reported  when  this  method 
was  followed. 

The  practice  of  broadcasting  the  seed  on  winter  grain  and  leaving 
it  uncovered  was  confined  mostly  to  the  winter-wheat  sections.  The 
seeding  was  usually  done  during  the  winter  in  order  that  the  alternate 
freezings  and  thawings  of  early  spring  might  cover  the  seed. 

The  method  of  seeding  sweetclover  in  winter  grain  is  confined  mostly 
to  the  winter-wheat  territory  of  southern  Nebraska,  Kansas,  and 
northern  Oklahoma.  Some  follow  the  practice  of  broadcasting  the 
seed  in  winter  and  letting  the  alternate  freezings  and  thawings  cover 
the  seed,  and  others  practice  seeding  in  early  spring  by  drilling  or  by 
broadcasting  the  seed  and  covering  it  with  a  harrow. 

SEEDING  ALONE 

Seeding  sweetclover  alone — that  is,  without  a  nurse  or  companion 
crop;— was  reported  from  approximately  20  percent  of  the  farms 
studied.  This  practice  was  most  common  in  the  drier  sections  of 
western  Nebraska,  Kansas,  and  Oklahoma,  in  eastern  Colorado,  and 
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in  northwestern  Texas — sections  in  which  a  shortage  of  spring 
moisture  usually  occurs.  In  these  normally  dry  sections  a  nurse  crop 
usually  is  detrimental  to  sweetclover,  robbing  the  young  plants  of 
moisture  and  shading  them  so  that  they  perish  when  exposed  to  the 
hot  sun  after  the  nurse  crop  is  removed.  Under  such  conditions 
stands  are  obtained  with  greater  certainty  if  sweetclover  is  seeded 
alone  early  in  the  spring.  Spring  freezes  may  occasionally  injure  the 
stand,  but  this  risk  is  more  than  offset  by  the  advantage  gained  from 
an  early  start  which  minimizes  the  danger  of  damage  from  weed 
competition  and  from  hot,  dry,  summer  weather. 

On  some  farms  the  land  was  plowed  or  disked  and  harrowed  before 
being  seeded,  and  on  others  the  sweetclover  seed  was  drilled  in  row- 
crop  or  grain-stubble  land  with  little  or  no  previous  preparation. 
Because  of  the  firm  seed  bed  thus  provided,  more  satisfactory  stands 
usually  were  obtained  where  seedings  were  made  on  reasonably  clean 
row-crop  stubble  land,  on  summer-fallow,  or  on  land  that  had  been 


Figure  2.— This  5-acre  field  on  a  Texas  farm  was  seeded  to  sweetclover  in  3-foot  rows  the  1st  of  April  and 
furnished  pasture  for  18  cows  on  alternate  weeks  from  June  1  to  November  15. 

plowed  long  enough  before  seeding  time  to  permit  the  soil  to  become 
thoroughly  settled  and  packed.  Satisfactory  stands  were  obtained 
on  some  farms  where  grain  stubble  was  burned  off  and  the  land  lightly 
disked  before  seeding. 

On  two  Texas  farms  sweetclover  seed  was  drilled  in  rows  in  the 
spring  on  specially  prepared  land.  This  method  has  some  advantages 
for  northern  and  northwestern  Texas  and  similar  sections  in  that  weeds 
and  grass  may  be  controlled  by  one  or  two  cultivations  and  so  make 
it  possible  for  the  sweetclover  to  utilize  all  the  moisture  (fig.  2). 

MISCELLANEOUS  SEEDING  PRACTICES 

Aside  from  the  usual  seeding  methods  mentioned,  a  number  of 
farmers  were  found  who  were  following  other  practices  to  suit  certain 
conditions  of  climate  or  soil,  or  certain  uses  of  the  crop.  In  some  sec- 
tions sweetclover  seeded  alone  is  likely  to  be  crowded  out  by  aggres- 
sive weeds,  such  as  the  Russian  thistle.  Under  such  conditions  a 
satisfactory  practice  followed  by  many  farmers  was  to  seed  with  a 
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light  seeding  of  oats  and  then  pasture  off  both  oats  and  sweetclover. 
Another  practice  was  to  drill  the  seed  in  winter  rye  early  in  the  spring 
and  pasture  oflF  both  rye  and  clover.  The  oats  and  rye  hold  weeds  in 
check,  and,  being  pastured  off,  are  not  so  exhaustive  of  soil  moisture 
and  do  not  leave  the  young  clover  plants  suddenly  exposed  to  the  hot 
sun  as  is  the  case  when  the  oats  or  rye  are  harvested  for  grain.  When 
moisture  conditions  are  unusually  favorable,  and  especially  in  sections 
in  which  the  soil  is  exceptionally  fertile,  it  is  not  unusual  for  sweet- 
clover  to  grow  so  rank  as  to  be  troublesome  in  the  ^rain  at  harvest 
time.  Under  such  conditions  farmers  have  found  it  advantageous 
to  delay  sowing  sweetclover  until  2  or  3  weeks  after  the  grain  is  seeded. 

SEEDING  IN  PERMANENT  PASTURE 

Many  farmers  reported  having  tried  seeding  sweetclover  in  native 
pasture,  but  in  the  majority  of  cases  these  attempts  met  with  failure. 
This  practice  is  rarely  successful  except  when  the  seeding  is  made  on 
low,  moist  land,  or  at  a  time  when  soil-moisture  conditions  are 
exceptionally  favorable  to  seed  germination  and  to  giving  the  young 
plants  a  good  start.  Several  reported  fairly  satisfactory  results 
from  seeding  in  salt-grass  pasture,  or  in  sloughs  and  draws,  or  on 
bottom  land  where  considerable  moisture  was  available.  Best 
results  were  obtained  where  the  native  sod  was  burned  over  and 
scarified  with  a  disk  either  before  or  after  being  seeded.  When 
fairly  satisfactory  stands  were  obtained  the  sweetclover  reseeded  to 
some  extent  and  lasted  from  3  to  7  years. 

Satisfactory  results  from  seeding  sweetclover  with  bromegrass 
{Bromus  inermis)  were  reported  by  several  farmers.  If  the  sweet- 
clover was  not  grazed  too  closely  the  first  year,  and  was  allowed  to 
mature  some  seed  the  second  year,  it  usually  reseeded  itself  for  3  to 
5  years,  or  until  the  bromegrass  formed  a  heavy,  tight  sod.  What 
appears  to  be  a  satisfactory  method  of  handling  such  pasture  is  to 
plow  up  and  reseed  the  pasture  to  sweetclover  when  the  bromegrass 
becomes  sodbound.  This  combination  of  bromegrass  and  sweet- 
clover makes  a  highly  satisfactory  pasture. 

Several  farmers  in  the  Dakotas  reported  satisfactory  results  from 
seeding  sweetclover  on  land  that  was  badly  infested  with  quackgrass. 
This  combination  makes  a  good  pasture  for  3  to  4  years,  and  the 
practice  appears  to  be  one  that  might  well  be  adopted  on  a  consider- 
able acreage  of  quack-infested  land  in  the  northern  Great  Plains 
States. 

SEEDING  COSTS 

The  out-of-pocket  costs  of  seeding  sweetclover  are  determined  by 
the  rate  of  seeding  and  the  cost  per  pound  of  seed.  The  amount  of 
man  labor  and  horse  work  required  is  governed  by  the  method  of 
seeding  and  to  some  extent  by  the  equipment,  used.  Data  relative 
to  the  acres  seeded,  rate  of  seeding,  and  the  amount  of  man  labor  and 
horse  work  used  in  seeding  were  obtained  from  492  farms  (table  4). 
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Table  4. — Acreage  seeded,  seed  used  per  acre,  cost  of  seed,  and  the  hours  of  labor 
required  for  seeding  sweetclover  on  492  farms,  by  selected  States,  1930 


Farms 
report- 
ing 

Acre- 
age 
seeded 

Seed 
used 
per 
acre 

Cost  of  seed 

Man  labor 

Horse  work 

State 

Per 
pound 

Per 

acre 

Total 

Per 
acre 

Total 

Hours 

452 

932 

1,004 

538 

1,724 

640 

6,706 

2,760 

1,338 

Per 
acre 

North  Dakota 

Number 
100 
33 
45 
27 
79 
50 
101 
39 
18 

Acres 
6.902 
1,603 
2,383 

779 
2,330 
2,298 
3,052 
1,308 

397 

Pounds 
10.7 
11.1 
10.2 
10.3 
12.6 
13.1 
14.2 
14.7 
13.0 

Cents 
6.4 
7.2 
8.6 
8.1 
8.4 
7.5 
7.6 
6.9 
8.3 

Dollars 
0.68 
.80 
.88 
.83 
1.06 
.98 
1.08 
1.01 
1.08 

Hours 
309 
338 
352 
254 
719 
286 
2,349 
1,016 
587 

Hours 
0.04 
.21 
.15 
.33 
.   31 
.12 
.77 
.78 
1.48 

Hours 
0  07 

South  Dakota. .     .     .  ..  .  . 

58 

Montana 

42 

Wyoming 

69 

.74 

Colorado 

28 

Kansas.-  .     

2.20 

Oklahoma 

2  11 

Texas 

3  37 

Total  or  average 

492 

21, 052 

11.9 

7.4 

.88 

6,210 

.29 

16, 094 

.76 

RATE  OF  SEEDING 

Although  the  rate  of  seeding  varied  widely  between  different  farms 
— ranging  from  4  to  25  pounds  per  acre — the  average  for  the  different 
States  does  not  show  a  striking  difference. 

The  rate  of  seeding  was  influenced  to  some  extent  by  the  use  to 
be  made  of  the  crop.  Heavier  seedings  were  the  rule  where  the  crop 
was  used  mainly  for  pasture,  or  for  hay,  and  lighter  seedings  where 
the  crop  was  grown  primarily  for  the  production  of  seed,  or  where  it 
had  been  grown  on  the  farm  through  one  or  more  rotation  periods, 
and  more  or  less  volunteering  had  occurred.  The  quantity  of  seed 
sown  per  acre  was  also  governed  to  some  extent  by  the  method  of 
seeding  (table  3).  Where  the  crop  was  seeded  alone  the  rate  of 
seeding  averaged  higher  than  where  it  was  seeded  with  a  nurse  crop, 
and  slightly  heavier  seedings  were  made  where  the  seed  was  broadcast 
and  left  uncovered  on  winter  grain,  or  after  spring  grain  had  been 
drilled  in,  than  where  the  seed  was  drilled  in  with  the  grain  or  broad- 
cast ahead  of  the  drill. 

COST  OF  SEED 

The  cost  of  seed  was  rather  uniform  in  each  section,  but  varied 
considerably  between  different  sections,  the  range  being  from  5  to  10 
cents  per  pound.  The  former  figure  usually  represented  the  farm 
price  and  the  latter  the  price  the  farmer  had  to  pay  when  buying 
the  seed  from  a  seed  house  or  local  dealer.  Lower  seed  costs  pre- 
vailed in  sections  in  which  considerable  seed  was  produced  for  sale, 
and  in  which  farmers  who  produced  seed  made  a  practice  of  supplying 
their  neighbors  with  seed  at  the  same  price  they  would  receive  from 
brokers  or  wholesalers. 

The  average  price  of  seed  in  North  Dakota  was  low  because  the 
production  of  sweetclover  seed  is  an  important  enterprise  in  that 
State.  The  higher  price  level  in  Montana  was  undoubtedly  caused 
by  the  severe  drought,  which  greatly  reduced  seed  production. 
Prices  in  Wyoming,  Nebraska,  and  Texas  were  above  the  average 
because  in  those  States  most  of  the  farms  from  which  information 
was  obtained  were  located  in  sections  in  which  relatively  little  seed 
was  produced. 

The  cost  of  seed  used  in  seeding  an  acre  to  sweetclover  shows  a 
spread  of  40  cents.  A  relatively  low  rate  of  seeding,  coupled  with 
low  price  of  seed,  is  responsible  for  the  low  seeding  cost  per  acre  in 
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North  Dakota,  and  higher  seeding  rates,  together  with  higher  than 
average  prices,  are  reflected  in  the  higher  acre  costs  in  Kansas  and 
Texas. 

LABOR  USED  IN  SEEDING 

Man-labor  and  horse-work  reouirenients  for  seeding  sweetclover 
vary  widely  and  depend  principally  on  the  method  of  seeding  (tables 
3  and  4).  Where  the  seed  was  sown  with  a  nurse  crop,  only  the 
labor  in  excess  of  that  required  for  putting  in  the  grain  was  charged 
to  sweetclover.  For  example:  Where  the  clover  seed  was  distributed 
with  a  seeder  attachment  on  the  drill  the  only  additional  labor  used 
in  seeding  sweetclover  was  that  of  hauling  the  seed  to  the  field  and 
filling  the  seed  box,  and  this  was  too  small  to  measure.  Where  the 
seed  was  broadcast  ahead  of  the  drill  with  some  implement  other 
than  the  seeder  attachment  on  the  drill,  or  was  drilled  in  winter  grain 
in  the  spring,  these  operations  required  additional  labor,  all  of  which 
was  charged  to  the  sweetclover  crop.  Where  the  crop  was  seeded 
alone  all  labor  used  in  preparing  the  land  and  in  seeding  was  charged 
to  sweetclover. 

Where  sweetclover  was  drilled  in  with  spring  grain,  and  where  the 
seed  was  broadcast  ahead  of  the  drill  when  seeding  grain,  both  man- 
labor  and  horse-work  requirements  were  relatively  insignificant. 
This  is  reflected  in  the  small  amount  of  labor  used  in  the  Dakotas  and 
Montana,  in  which  States  85  percent  of  the  seeding  reported  was  by 
these  two  methods. 

Broadcasting  the  seed  and  leaving  it  uncovered  after  seeding 
spring  grain,  and  broadcasting  without  covering  on  winter  grain  in 
the  spring  required  but  a  small  amount  of  man  labor  and  horse  work. 
Broadcasting  and  covering  the  seed  after  drilling  in  spring  grain, 
drifling  the  seed  in  winter  grain,  or  broadcasting  in  winter  grain  in 
the  spring  and  covering  the  seed  with  a  harrow,  required  considerably 
more  man  labor  and  horse  work  than  drilling  the  seed  in  with  the 
grain  or  broadcasting  ahead  of  the  drill. 

Labor  requirements  were  highest  in  Kansas,  Oklahoma,  and  Texas. 
This  was  mainly  due  to  the  fact  that  the  majority  of  the  farms  on 
which  sweetclover  was  seeded  alone  were  located  in  these  three  States. 

FACTORS  AFFECTING  THE  STAND 

Where  ample  moisture  normally  is  available  there  usually  is  little 
or  no  difficulty  in  obtaining  a  stand  of  sweetclover,  but  where  rain- 
fall is  hmited  or  falls  below  normal — as  is  likely  to  be  the  case  over  a 
large  proportion  of  the  Great  Plains  area — considerable  difficulty  is 
likely  to  be  encoimtered  in  holding  a  stand.  Seasonal  distribution  of 
rainfall  and  the  amount  of  evaporation  are  important  factors  in 
maintaining  stands  of  sweetclover.  As  loss  of  soil  moisture  by 
evaporation  increases  as  one  goes  southward,  less  difficulty  is  en- 
countered from  this  source  in  sections  in  North  Dakota,  in  wliich 
the  annual  precipitation  is  from  15  to  20  inches,  than  in  sections  of 
Kansas  having  an  average  of  20  to  25  inches  or  in  sections  of  Texas 
having  an  average  of  25  to  30  inches. 

During  the  last  few  years,  and  particularly  in  1930  and  1931,  many 
farmers  m  the  northern  Great  Plains  States  experienced  considerable 
difficulty  in  holding  satisfactory  stands  of  sweetclover.  This  was 
especially  true  in  drought-stricken  sections  of  North  Dakota  and 
South  Dakota,  and  special  inquiry  was  made  in  these  States  in  an 
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effort  to  determine  the  factors  that  contribute  to  loss  of  stand  as  well 
as  the  practices  most  likely  to  result  in  maintaining  a  satisfactory 
stand  under  unfavorable  conditions. 

Although  relatively  few  complete  failures  were  reported,  a  con- 
siderable number  reported  partial  failure  or  stands  too  badly  damaged 
to  be  worth  saving.  In  the  majority  of  instances  in  which  complete 
or  partial  failure  was  reported  the  trouble  was  attributed  to  extremely 
dry  weather  in  the  summer  and  early  fall.  The  usual  practice  in 
these  States  is  to  seed  with  a  nurse  crop;  although  in  most  cases  the 
clover  came  up  to  a  good  stand,  the  young  plants  could  not  compete 
with  the  grain  crop  for  mositure,  and  when  the  latter  was  harvested 
the  clover  seedlings  were  weak  and  unable  to  survive  the  burning 
sunshine  and  dry  weather  which  followed.  In  a  few  instances  stands 
were  reported  to  have  been  injured  by  soil  blowing  or  by  cutworms. 

EFFECT  OF  NURSE  CROP  ON  STAND 

Inquiry  failed  to  reveal  any  significant  relation  between  the  kind 
of  nurse  crop  with  which  sweetclover  was  seeded  and  the  stand  of 
clover  obtained.  As  a  rule  sweetclover  is  considered  of  secondary 
importance  to  the  grain  crop  with  which  it  is  sown.  It  is  usually 
seeded  wherever  wanted,  regardless  of  the  nurse  crop,  and  on  many 
farms  was  seeded  with  several  different  crops  in  one  year.  The 
majority  of  farmers  interviewed  expressed  no  special  preference  as  to 
the  nurse  crop  and  stated  that  the  supply  of  moisture  at  seeding  time 
and  in  midsummer  following  the  removal  of  the  grain  crop  had  more 
to  do  with  obtaining  and  holding  a  stand  than  did  the  kind  of  crop 
with  which  the  clover  was  seeded.  Where  ample  moisture  is  avail- 
able satisfactory  stands  are  usually  obtained  by  seeding  with  any  of 
the  usual  nurse  crops,  but  in  sections  in  which  a  shortage  of  moisture 
is  likely  to  occur  it  is  advisable  to  reduce  the  rate  of  seeding  of  the 
nurse  crop  from  one  third  to  one  half,  and  to  use  early-maturing 
rather  than  late-maturing  varieties  of  grain.  However,  several 
farmers  expressed  a  preference  for  seeding  with  certain  nurse  crops, 
provided  it  was  convenient  and  expedient  to  do  so.  Of  these,  34 
percent  preferred  seeding  with  flax,  31  percent  with  wheat,  17  per- 
cent with  oats,  and  17  percent  with  barley. 

EFFECT  OF  METHOD  OF  SEEDING 

The  method  of  seeding  sweetclover,  especially  when  coupled  with 
weather  conditions,  appears  to  bear  some  relation  to  the  stand  ob- 
tained. Data  showing  the  relation  of  method  of  seeding  to  the  per- 
centage of  stand  of  the  1930  seeding  remaining  in  1931  were  obtained 
from  118  farms  (table  5).  These  data  show  that  the  percentage  of 
stand  was  appreciably  better  where  the  seed  was  drilled  in  with  the 
grain  than  where  it  was  broadcast  either  ahead  of  or  behind  the  drill. 
It  will  be  observed,  however,  that  method  of  seeding  had  less  influence 
on  the  percentage  of  stand  maintained  in  the  more  humid  eastern 
sections  than  in  the  drier  central  and  western  sections. 

One  of  the  principal  requirements  for  obtaining  and  holding  a  stand 
of  sweetclover  was  found  to  be  a  firm  seed  bed  with  just  enough  loose 
surface  soil  to  enable  the  seed  to  be  well  covered.  This  is  important 
in  the  more  humid  sections  and  doubly  necessary  in  dry-farming 
sections.     An  over-loose  seed  bed  dries  out  quickly  and  is  one  of  the 
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main  causes  of  failure  to  hold  a  stand.  For  this  reason  freshly  plowed, 
mellow  land  should  be  thoroughly  packed  before  it  is  seeded  to  sweet- 
clover.  A  striking  example  of  this  was  observed  in  a  drought- 
stricken  district  of  North  Dakota.  On  three  farms  sweetclover  had 
been  seeded  on  land  that  was  thoroughly  packed  before  seeding.  On 
two  farms  the  clover  seed  was  mixed  with  flax,  and  on  the  other  it 
was  mixed  with  spring  wheat  and  the  grain  and  clover  seed  drilled  in 
together.  On  each  of  these  farms  an  Excellent  stand  of  sweetclover 
was  maintained  through  the  severe  drought,  whereas  on  other  farms 
in  that  district  seedings  were  a  partial  or  total  failure. 

Table  5. — Relation  of  method  of  seeding  sweetclover  in  1930  to  the  stand  in  19S1 
on  118  farms  in  North  Dakota  and  South  Dakota 


Seed  drilled  in 
with  grain 

Seed  broadcast 
ahead  of  drill 

Seed  broadcast 
behind  drill 

Seed  drilled  in 

winter  grain  in 

spring 

Area 

Farms 
report- 
ing 

Stand 
in  1931 

Farms 
report- 
ing 

Stand 
in  1931 

Farms 
report- 
ing 

Stand 
in  1931 

Farms 
report- 
ing 

Stand 
in  1931 

Eastern: 

North  Dakota 

Number 
26 

7 

Percent 
73 
79 

Number 
25 
6 

Percent 
69 
71 

Number 
3 
3 

Percent 
60 
83 

Number 

Percent 

South  Dakota 

Total                

33 

74 

31 

69 

6 

66 

Central  and  western: 
North  Dakota 

20 

1 

65 
25 

15 
6 

38 
71 

5 

44 

South  Dakota 

1 

0 

Total 

21 

63 

21 

47 

1 

0 

6 

44 

Total  for  both  areas 

64 

70 

52 

61 

7 

57 

5 

44 

In  dry-farming  sections  where  seeding  alone  is  practiced,  and  where 
soil  blowing  is  likely  to  occur,  some  protection  is  needed  for  the  young 
plants  until  they  become  firmly  rooted.  Under  these  conditions 
drilling  the  seed  in  rather  high  stubble  of  sorgo,  sudan  grass,  or  grain 
increases  the  chances  of  holding  a  stand  of  sweetclover. 

SWEETCLOVER  PASTURE 

Sweetclover  is  in  more  general  use  for  pasture  than  for  any  other 
purpose.  On  409,  or  82  percent,  of  the  500  farms  from  which  data 
were  obtained  it  was  used  for  pasture,  and  on  160  of  these  farms  it 
was  used  exclusively  for  grazing  purposes.  Sweetclover  will  carry 
from  two  to  four  times  as  many  head  of  livestock  per  acre  as  will 
bluegrass  or  other  tame  pasture,  and  in  the  Great  Plains  States  it  is 
variously  estimated  that  an  acre  of  sweetclover  will  provide  as  much 
grazing  as  will  4  to  15  acres  of  native  pasture. 

In  the  more  humid  sections  of  the  Great  Plains,  as  well  as  in  the 
irrigated  areas,  sweetclover  pasture  is  usually  grown  in  rotation  with 
other  crops.  Under  these  conditions  the  crop  provides  the  pasture 
needed  and  also  is  used  to.maintain  soil  fertility.  In  the  dner  sec- 
tions it  is  the  common  practice  to  keep  a  field  in  sweetclover  pasture 
as  long  as  a  stand  can  be  maintained. 

Although  sweetclover  is  of  outstanding  value  as  a  pasture  crop  it 
has  some  disadvantages,  particularly  on  farms  on  which  little  or  no 
other  pasture  is  available  and  sweetclover  is  the  main  dependence  for 
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grazing.  There  is  the  threat  of  trouble  from  bloat,  although  the  dan- 
ger is  less  with  this  crop  than  with  alfalfa,  red  clover,  or  alsike  clover. 
In  the  northern  part  of  the  Great  Plains  there  is  a  lack  of  balance 
between  the  amount  of  grazing  supplied  by  a  given  acreage  of  the 
first-year  crop  and  that  of  the  second-year  crop,  and  a  proportionately 
larger  acreage  of  the  former  is  required  to  carry  a  given  number  of 
livestock.  In  the  southern  Great  Plains  States  the  first-year  and 
second-year  crops  are  more  evenly  balanced  as  regards  the  quantity 
of  grazing  furnished.  Earlier  seeding  enables  the  first-year  crop  to 
make  sufficient  growth  to  provide  an  abundance  of  fall  pasture.  In 
districts  in  which  a  disparity  in  carrying  capacity  between  the  two 
crops  exists,  many  farmers  overcome  the  difficulty  by  seeding  a  much 
larger  acreage  than  will  be  necessary  to  meet  the  pasture  requirements 
the  second  year.  The  entire  acreage  of  new  seeding  is  pastured  in  the 
fall,  usually  in  connection  with  grain  stubble  and  cornstalk  fields. 
By  having  this  large  acreage,  an  abundance  of  fall  pasture  is  supplied, 
and  the  danger  of  injuring  the  stand  of  sweetclover  by  close  grazing  is 
reduced  to  a  minimum.     The  following  spring  an  acreage  sufficient  to 
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Figure  3.— sweetclover  grazing  periods  by  states.  Season  of  1930  and 

Normal  season. 

In  the  northern  Great  Plains  there  is  likely  to  be  an  interval  of  1  to  3  weeks  between  the  end  of  the  grazing 
period  of  second-year  sweetclover  and  the  time  the  new  seeding  can  be  grazed.  In  the  southern  Plains 
States  new  seedings  can  be  pastured  earlier,  and  under  favorable  conditions  continuous  sweetclover  pas- 
ture throughout  the  growing  season  is  possible.  In  1930  the  severe  drought  lengthened  the  period  of 
pasture  shortage  in  some  sections,  particularly  in  South  Dakota  and  Kansas 

meet  the  farm's  pasture  requirements  is  retained,  and  the  remainder  is 
cut  for  hay,  harvested  for  seed,  or  plowed  under  for  soil  improvement. 
A  further  drawback  is  the  period  of  pasture  shortage  that  is  likely 
to  occur  between  the  end  of  the  grazing  period  of  the  second-year 
crop  and  the  time  when  the  new  seedings  will  supply  the  required 
amount  of  pasture.  Under  normal  conditions  this  gap  extends  over  a 
period  of  1  to  3  weeks  in  the  northern  States,  and  in  time  of  severe 
drought  it  may  be  considerably  longer.  Many  farmers  avoid  this 
difficulty  by  having  a  supplemental  pasture  of  annual  grazing  or 
soiling  crops,  or  by  having  a  reserve  pasture  of  native  grass.  In 
the  southern  part  of  the  Great  Plains,  especially  in  sections  in  which 
sweetclover  is  seeded  along,  the  new  seeding  can  be  pastured  much 
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earlier,  and  under  favorable  conditions  the  two  crops  will  provide 
continuous  grazing  for  6  to  8  months.  The  average  length  of  the 
grazing  periods  in  1930  on  the  farms  studied,  and  the  estimated 
normal  or  usual  grazing  periods  by  States,  is  shown  in  figure  3. 

On  the  majority  of  farms  studied  sweetclover  was  grazed  in  connec- 
tion with  other  pasture.  For  this  reason  data  on  the  length  of  the 
grazing  period  and  the  number  of  animals  pastured  exclusively  on 
sweetclover  were  obtained  from  only  82  farms  on  which  the  first-year 
crop  was  pastured,  and  172  farms  on  which  the  second-year  crop  was 
pastured  (table  6). 

Table  6. — Grazing  period  and  number  of  animal  units  *  pastured  on  sweetclover 
on  82  farms  on  which  the  first-year  crop  was  pastured,  and  172  farms  on  which 
the  second-year  crop  was  pastured,  by  States,  1930 

FIRST-YEAR  CROP 


State 

Farms 

X'- 

Sweet- 
clover 
pastured 

Grazing  period 

Animal  units  on 
pasture 

Animal-unit  days 
on  pasture 

Begin- 
ning date 

End 
date 

Total 

Total 

Per  acre 

Total 

Per  acre 

North  Dakota. 
South  Dakota. 

Wyoming 

Nebraska 

Colorado 

Kansas 

Oklahoma 

Texas 

Number 
4 
6 
3 
17 
3 

22 
19 
8 

Acres 
235 
317 

42 
486 

43 
720 
689.5 
231 

Sept.    9 
Aug.  27 
Sept.  10 
Sept.    1 
Aug.  22 
Aug.  10 
July    15 
May  20 

Nov.    6 
Oct.    22 
Oct.    18 
Oct.    31 

...do 

...do.-.. 
Nov.  28 
Nov.  17 

Days 
59 
57 
39 
61 
71 
83 
137 
182 

Number 
188 
271 

45 
671 

45 
621 
637.6 
248.6 

Number 

0.8 

.85 

1.07 

1.38 

1.05 

.86 

.92 

1.08 

Number 
11,036 
14,930 
1,550 
42, 973 
3,975 
44,563 
74,889 
62, 124 

Number 
47 
47 
37 
88 
92 
62 
109 
226 

SECOND-YEAR  CROP 


North  Dakota 
South  Dakota 

Montana 

Wyoming 

Nebraska 

Colorada 

Kansas 

Oklahoma 

Texas 


33 

1,412 

May  19 

Sept.    2 

107 

1,403.3 

0.99 

138,183 

10 

339 

May    3 

Aug.    3 

93 

383.5 

1.13 

34,450 

6 

134 

...do..... 

Aug.  20 

110 

146.9 

1.1 

13,008 

9 

131 

Apr.   27 
May    1 

Aug.  26 

122 

142 

1.08 

18,260 

32 

681.5 

Aug.  17 

109 

1,061.6 

1.56 

lll,8a3 

23 

966 

...do..-. 

Aug.  20 

112 

1,018.5 

1.07 

104,505 

27 

559.5 

Apr.     4 

July     7 

95 

791.1 

1.41 

67,103 

23 

725 

Mar.  21 

July   14 

110 

827.7 

1.14 

88.492 

9 

271 

Mar.  28 

July   16 

111 

258.5 

.95 

21. 110 

102 
97 
139 
164 
109 
120 
122 


«  An  animal  unit  is  1  horse,  mule,  or  cow;  or  2  yearlings;  or  4  calves  or  colts;  or  5  hogs;  or  10  pigs;  or 
7  sheep  or  goats;  or  14  lambs  or  kids. 


FIRST-YEAR  PASTURE 

In  the  Dakotas,  Montana,  Wyoming,  and  Colorado  the  practice  of 
pasturing  new  seedings  of  sweetclover  is  less  common  than  in  the 
southern  part  of  the  Great  Plains.  Frequently  new  seedings  are  pas- 
tured in  connection  with  native  pasture  or  stubble,  or  cornstalk  fields, 
but  the  first-year  growth  often  fails  to  provide  much  pasturage  in  the 
northern  Great  Plains  except  in  localities  favored  with  considerable 
rainfall  or  in  irrigated  sections.  Moreover,  farmers  generally  reaUze 
that  heavy  grazing  of  new  seeding  in  the  fall  tends  to  restrict  root 
development  and  is  likely  to  injure  the  stand  for  the  following  year. 
Although  new  seedings  of  sweetclover  were  being  used  along  with  other 
pasture  on  many  farms  the  first-year  crop  was  used  tor  grazing, 
exclusive  of  other  pasture,  on  only  16  out  of  the  81  farms  in  the  Dako- 
tas, Montana,  Wyoming,  and  Colorado  on  which  the  second-vear 
crop  of  sweetclover  was  pastured  (table  6),    The  majority  of  tnesQ 
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16  farms  were  located  in  the  eastern  part  of  the  Dakotas,  and  on 
irrigated  land  in  Wyoming  and  Colorado  where  moisture  conditions 
were  favorable  to  a  maximum  first-year  growth. 

In  Nebraska  more  than  one  half  the  farms  on  which  sweetclover 
was  pastured  were  grazing  the  first-year  crop.  The  relatively  high 
carrying  capacity  of  first-year  sweetclover  in  this  State  was  due  to 
the  fact  that  several  of  the  pastures  were  on  irrigated  farms  and  on 
many  of  the  nonirrigated  farms  moisture  conditions  were  exception- 
ally favorable  in  1930. 

In  Kansas,  Oklahoma,  and  Texas  the  practice  of  pasturing  the 
first-year  crop  is  general.  In  these  States  the  longer  growing  season, 
the  earlier  seeding  time,  and  a  more  general  practice  of  seeding  sweet- 
clover alone — particularly  in  the  drier  sections — enable  the  crop, 
under  normal  conditions,  to  make  growth  sufficient  to  provide  con- 
siderable pasture  the  first  year.  In  fact,  in  both  central  Oklahoma 
and  northern  Texas,  the  first-year  crop  was  pastured  for  a  greater 
number  of  days  than  was  the  second-year  crop  (fig.  3).  In  Kansas, 
because  of  drought,  the  first-year  crop  was  pastured  for  an  average 
of  only  83  days,  whereas  the  usual  grazing  period  in  that  State  is 
about  100  to  110  days.  The  average  grazing  period  in  Oklahoma  was 
137  days.  However,  of  the  19  records  obtained  in  this  State,  17  were 
from  the  more  humid  central  part  of  the  State  where  the  usual  grazing 
period  is  considerably  longer  than  in  the  western  part  of  the  State. 
The  exceptionally  long  period  over  which  the  crop  was  grazed  in 
Oklahoma  and  Texas  was  partly  due  to  the  fact  that  on  many  farms 
sweetclover  was  seeded  alone  and  pasturing  began  at  a  much  earher 
date  than  would  have  been  possible  had  it  been  seeded  with  a  nurse 
crop.  In  fact,  on  several  farms  the  clover  was  overgrazed  and  the 
stand  so  injured  that  the  capacity  of  the  second-year  crop  was  reduced. 
This  was  particularly  true  on  some  of  the  Texas  farms  on  which  there 
was  a  shortage  of  other  pasture. 

The  length  of  the  period  during  which  the  first-year  crop  of  sweet- 
clover may  be  pastured  increases  gradually  from  the  northern  to  the 
southern  part  of  the  area  and,  under  normal  conditions,  ranges  from 
50  to  60  days  in  the  Dakotas,  Montana,  and  Wyoming  to  approxi- 
mately 150  days  in  Oklahoma  and  Texas.  The  total  amount  of  pas- 
ture furnished  by  an  acre  of  sweetclover  is  about  140  animal-imit 
days  in  the  southern  Great  Plains,  as  compared  with  45  to  50  days  in 
the  northern  Plains  States.  These  differences  in  the  length  of  the 
grazing  period  and  the  total  amount  of  pasture  provided  are  mostly 
due  to  the  difference  in  the  length  of  the  growing  season.  The  carry- 
ing capacity  per  acre  during  the  pasture  period  was  greatest  in  the 
central  part  of  the  area,  chiefly  because  many  of  the  pastures  were  on 
irrigated  land. 

SECOND-YEAR  PASTURE 

The  length  of  the  grazing  period  of  second-year  sweetclover  depends 
on  the  character  of  the  stand,  weather  conditions,  the  variety  grown, 
and  the  effectiveness  with  which  the  pasturing  is  conducted. 
Obviously,  a  thin  stand,  if  pastured  to  anything  Hke  its  maximum 
carrying  capacity,  is  depleted  more  quickly  than  a  thick  stand  would 
be.  Extremely  dry  weather  in  July  or  August  will  materially  shorten 
the  grazing  season.  The  biennial  white  has  a  longer  grazing  season 
than  either  of  the  earlier  maturing  varieties,  biennial  yellow  and 
Grundy  County  white.    Oveigrazing  shortens  the  life  of  the  pasture, 
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and  undergrazing  has  a  similar  effect  because  the  plants  become  woody 
and  unpalatable  if  not  kept  rather  closely  grazed. 

Best  results  in  pasturmg  second-year  sweetclover  are  obtained 
when  the  plants  are  kept  grazed  reasonably  close  rather  early  in  the 
season  as  this  checks  the  upright  growth  and  causes  the  plants  to 
branch  more  freely.  Farmers  who  are  pasturing  second-year  sweet- 
clover  most  effectively  attempt  to  maintain  a  proper  balance  between 
the  number  of  livestock  and  the  amount *of  pasture  available.  To  do 
this  it  is  sometimes  necessary  to  clip  the  early  growth  so  as  to  cause 
new  shoots  to  put  out  from  the  joints,  and  in  other  instances  it  may 
become  necessary  to  have  other  temporary  or  permanent  pasture 
which  can  be  grazed  alternately  with  the  sweetclover. 

Normally  the  second-year  crop  furnishes  grazing  for  approximately 
110  days.  There  was  some  variation  in  the  length  of  the  grazing  season 
reported  in  the  different  States,  but  for  the  most  part  the  length  of 
time  the  crop  was  pastured  was  relatively  uniform.  The  shortest 
average  grazing  periods  were  reported  from  South  Dakota  and 
Kansas,  and  the  longest  from  Wyoming  (fig.  3).  The  length  of  the 
grazing  season  in  South  Dakota  and  Kansas  was  shortened  by 
drought,  while  that  of  Wyoming  was  increased  by  exceptionally 
favorable  weather  conditions. 

In  Texas  the  carrying  capacity  of  the  pastures  was  lessened  by  dry 
weather,  and  also  by  having  been  overgrazed  the  first  year.  The 
greater  carrying  capacity  of  the  Nebraska  pastures  may  be  accounted 
for  by  the  fact  that  several  were  on  irrigated  farms,  and  others  were 
located  in  sections  in  which  summer  moisture  conditions  id  1930  were 
exceptionally  favorable. 

All  classes  of  livestock  are  grazed  on  sweetclover,  but  it  is  in  more 
general  use  for  cattle  and  sheep  than  for  other  farm  animals.  Its 
milk-produciag  qualities  make  it  especially  valuable  for  dairy  cows 
and  for  ewes  with  lambs.  On  the  majority  of  farms  from  which 
information  was  obtained  two  or  more  classes  of  livestock  were 
pastured  at  the  same  time,  and  data  were  obtained  from  only  100 
farms  on  which  one  class  of  livestock  was  grazed  exclusively  on  sweet- 
clover (table  7).  While  these  figures  show  that  an  acre  of  sweet- 
clover furnished  29  more  animal-unit  days  of  grazing  when  pastured 
with  hogs  than  when  pastured  with  cattle,  and  57  more  animal-imit 
days  than  when  pastured  with  sheep,  the  relatively  small  sample  for 
hogs  and  sheep  precludes  the  drawing  of  definite  conclusions.  Other 
factors  may  have  had  more  to  do  with  these  differences  than  did  the 
class  of  livestock  pastured. 

Table  7. — Sweetclover  pasture:   Acreage  and  grazing  period^   by   animal   units, 
animal-unit  days,  and  class  of  livestock 


Class  of  Uvestock 

Farms 
regort- 

Acreage 
grazed 

Average 
grazing 
period 

Animal  units 

Animal-unit  days 

Total 

Per  acre 

Total 

Per  acre 

Cattle 

Number 

87 

8 

5 

Acret 
2.536.5 
333.0 
59.0 

Days 
104 
98 
117 

Number 

3.077.0 

334.3 

78.0 

Number 
1.21 
1.00 
1.32 

Number 

320.008 

32,761 

9.126 

Number 
126 

Sheep 

98 

Hogs 

155 
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FOR  DAIRY  COWS 

Dairymen  who  have  used  sweetclover  for  pasture  generally  regard 
it  as  exceptionally  valuable  for  dairy  cows.  Under  favorable  condi- 
tions it  furnishes  more  feed  per  acre  than  anv  other  pasture.  It  is 
more  drought-resistant  than  most  pasture  plants  and  provides  an 
abundance  of  succulent  grazing  at  a  time  when  other  pastures  are 
dried  up  and  unproductive  and  dairy  cows  are  likely  to  suffer  from 
lack  of  green  feed.  Dairymen  are  generally  agreed  that  cows  main- 
tain a  better  flow  of  milk  on  sweetclover  than  on  any  other  pasture, 
but  relatively  few  keep  production  records  from  which  comparisons 
can  be  drawn.  One  dairyman  in  Canadian  County,  Okla.,  reported 
an  increase  of  33.3  percent,  or  1  gallon  of  milk  per  cow  per  day,  from 
a  herd  of  20  cows  when  changed  from  dry  roughage  and  sflage  to 
sweetclover  pasture.  Others  reported  a  falling  off  that  ranged  from 
20  to  25  percent  in  production  when  cows  were  shifted  from  sweet- 
clover pasture  to  native  pasture. 

In  1930  a  farmer  operating  a  sandy,  dry-land  farm  in  Washington 
County,  Colo.,  pastured  eight  cows  on  20  acres  of  second-year  sweet- 
clover through  May.  The  first  of  June  the  cows  were  moved  to  a 
native  pasture,  and  the  sweetclover  was  cut  for  hay.  The  cows  were 
on  the  native  pasture  through  June  and  July,  and  then  on  new  seed- 
ing of  sweetclover  through  August.  Cream  sales  from  the  eight  cows 
for  May  and  August  (while  the  cows  were  on  sweetclover)  were 
$50.50  and  $54.48,  respectively,  and  for  June  and  July  (while  the 
cows  were  on  native  pasture)  the  sales  totaled  $37.45  and  $37.48 
respectively.  The  cash  return  was  $30.05,  or  40  percent  greater 
while  the  cows  were  on  sweetclover  than  for  the  same  length  of  time 
on  native  pasture. 

FOR  BEEF  CATTLE 

Few  of  the  farmers  who  were  interviewed  relative  to  pasturing 
beef  cattle  on  sweetclover  were  able  to  furnish  data  on  gains  made  on 
this  pasture.  The  majority  were  either  using  sweetclover  in  combina- 
tion with  other  pasture,  or  were  having  the  crop  grazed  through  the 
pasture  season  and  finishing  the  cattle  in  a  dry  lot,  and  kept  no 
record  of  actual  gains  made  on  pasture.  Sweetclover  is  considered  an 
excellent  maintenance  pasture  but  is  not  generally  regarded  as  a 
satisfactory  finishing  pasture  for  beef  cattle  unless  a  supplementary 
grain  ration  is  used.  Sweetclover  pasture  tends  to  promote  growth 
rather  than  fat;  best  results  are  usually  obtained  when  the  animals 
carry  considerable  flesh  when  turned  on  pasture  in  the  spring.  Cases 
are  on  record  of  daily  gains  of  2  to  3.5  pounds  per  head  from  sweet- 
clover pasture  supplemented  with  corn  (1). 

Several  cattle-feeding  demonstrations  in  which  sweetclover  pasture 
was  used  have  been  conducted  in  Rio  Grande  County,  Colo.,  under 
the  direction  of  the  Colorado  Agricultural  College  Extension  Service.* 
One  of  these,  in  which  a  comparison  was  made  of  the  feed  require- 
ments, daily  gains,  and  feed  cost  per  100  pounds  of  ^ain  for  the  same 
lot  of  steers  on  sweetclover  pasture  for  123  days  and  in  the  dry  lot  for 
107  days,  is  summarized  in  table  8. 

*  San  Luis  Valley  steer  feeding  demonstration,    Monte  Vista,  Colo.,  May  8, 1928  to  Dec.  30,  1928. 
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Table  8. — Feed  required  to  make  100  pounds  of  gain  and  average  daily  gain  made 
by  26  steers  in  a  summer-feeding  period  of  12S  days  on  sweetclover  pasture,  and 
in  a  dry-lot  feeding  period  of  107  days  on  a  ranch  in  Rio  Grande  County,  Colo.,  1928 


Peed 


On  sweet 

clover  pasture 

123  days 


Feed  used  per  100  pounds 
of  gain 


In  dry  lot 
107  days 


Barley -- 

Sweetclover  pasture 

Corn  (46  days) 

Alfalfa  hay  (24  days)  — 

Cottonseed  meal 

Cull  potatoes - 

Feed  cost  per  100  pounds  gain 
Average  daily  gain 


. pounds - 
... acres - 
. pounds - 
...do... 
...do... 


283.20 

.31 

41.16 

75.80 


379.60 


...do... 
.  dollars - 
.pounds. 


9.54 
2.47 


316.00 
147.00 

11.40 
507.00 

12.47 
2.52 


1  On  the  basis  of  1928  prices. 

There  was  little  difference  in  the  average  daily  gain.  The  feed  cost 
per  100  pounds  of  gain  was  $2.93  more  while  on  dry  lot  than  when  on 
pasture,  sweetclover  pasture  being  charged  at  $8  per  acre  and  feed  at 
market  prices  in  computing  these  costs.  Prices  for  barley,  corn,  and 
alfalfa  hay  were  slightly  higher  during  the  pasture  period  than  during 
the  dry-lot  feeding  period. 

In  a  similar  demonstration  on  another  Rio  Grande  County  ranch  a 
mixed  lot  of  long  yearlings,  19  steers  and  13  heifers,  were  fed  for  123 
days.  May  8  to  September  7,  inclusive.  The  pasture  consisted  of  30 
acres  of  yellow-blossom  sweetclover.  Owing  to  a  poor  stand,  cold 
weather,  and  cutworm  damage,  this  acreage  was  not  sufficient  to 
provide  continuous  grazing,  and  the  cattle  were  removed  from  June  4 
to  June  23,  thus  making  the  pasture  period  103  days.  The  average 
daily  gain  was  1.84  pounds  for  123  days,  and  the  feed  cost  per  100 
pounds  of  gain  was  $12.17.  In  this  case  sweetclover  pasture  was 
charged  at  $6.66  per  acre. 

FOR  SHEEP 

Sweetclover  appears  to  be  especially  valuable  as  a  pasture  for 
sheep,  and  on  many  farms  on  which  the  production  of  lambs  is  an 
important  enterprise,  it  is  the  main  dependence  for  grazing.  This 
was  found  to  be  particularly  true  in  the  Red  River  Valley  of  North 
Dakota  and  in  irrigated  sections  in  Colorado.  A  study  of  sheep  pro- 
duction on  200  farms  in  northeastern  North  Dakota  and  northwestern 
Minnesota  in  1925  showed  that  more  than  one  half  of  the  sheep  growers 
in  that  area  were  using  sweetclover  for  pasture  and  an  average  of  one 
lamb  per  ewe  was  grown  to  80  pounds  on  pasture  in  about  6  months  (4). 

At  the  Scotts  Bluff  Station,  Mitchell,  Nebr.,  broken  mouthed  ewes 
and  April-dropped  lambs  made  gains  of  13.1  and  39.5  pounds  per 
head,  respectively,  on  sweetclover  pasture  for  60  days,  as  compared 
with  gains  of  4.3  pounds  per  head  for  ewes  and  28.7  pounds  per  head 
for  lambs  when  fed  on  com  silage  and  alfalfa  hay.  The  sweetclover 
pasture  and  the  corn  silage  and  alfalfa  hay  were  supplemented  with 
dried  beet  pulp,  corn,  and  cottonseed  cake.  On  the  basis  of  the 
quantity  of  feed  required  to  make  100  pounds  of  gain  one  acre  of 
sweetclover  pastured  for  60  days  had  a  feeding  value  equal  to  2.32 
tons  of  com  silage,  1.33  tons  of  alfalfa  hay,  793  pounds  of  dried  beet 
pulp,  183  pounds  of  corn,  and  154  pounds  of  cottonseed  cake  (5). 

In  the  present  study  more  than  one  fifth  of  the  farms  from  which 
pasture  data  were  obtained  were  pasturing  sheep  on  sweetclover,  but 
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in  the  majority  of  cases  the  sheep  were  grazed  with  other  livestock 
and  no  record  was  kept  of  weights  or  gains.  Data  were  obtained 
from  seven  widely  scattered  farms  on  the  number  of  ewes  and  lambs 
grazed,  the  number  of  days  they  were  grazed  on  sweetclover,  and 
the  average  weight  of  the  lambs  when  sold,  or  at  the  end  of  the  pasture 
season  (table  9).  In  most  instances  the  ewes  and  lambs  were  run 
on  winter  wheat  or  rye,  or  native  grass,  previous  to  being  turned  on 
sweetclover.  Data  from  only  seven  farms  is  a  relatively  small  sample 
but  they  show  the  possiblity  of  producing  5-  to  6-month  lambs 
weighing  80  pounds  or  more  where  sweetclover  pasture  is  available. 

Table  9. — Lambs  on  sweetclover  pasture:  Number  of  ewes  and  lambs  grazed,  num- 
ber of  days  on  sweetclover  pasture,  and  average  weight  of  lambs  at  the  end  of  pasture, 
period,  on  7  farms,  1930 


.     state 

Grazing  period  on  sweet- 
clover 

Ewes 
grazed 

Lambs 
grazed 

Approxi- 
mate date 
lambs  were 

dropped 

Average 
weight  of 

Begin- 
ning 

End 

Total 

lambs  at 
end  of  pas- 
ture period 

North  Dakota 

June  15 
May  1 
May  10 
May  1 
May  15 
Apr.  15 
...do--. 

Sept.l5 
July  11 
Sept.30 
Aug.  IS 
...do.-. 
July  20 
Aug.  20 

Days 
93 
76 
144 
107 
93 
97 
128 

Number 
150 
200 
100 
250 
200 
32 
24 

Number 
150 
150 
110 
250 
200 
40 
30 

May       1 
Mar.      10 
May       1 
Apr.        1 

...do 

Mar.        1 

—do 

Pounds 

90 

80 

Nebraska 

82 

99 

Colorado 

85 

85 

Kansas 

85 

105 

956 

930 

87 

FOR  HOGS 

Sweetclover  is  a  valuable  and  economical  pasture  crop  for  hogs. 
Grown  in  a  3-year  or  4-year  rotation,  it  provides  a  clean  pasture  and 
an  abundance  of  succulent  green  feed,  both  of  which  are  essential  for 
promoting  rapid  growth,  and  lessening  the  danger  of  loss  from  para- 
sites and  filth-borne  diseases. 

The  first-year  crop,  when  it  makes  sufficient  growth  to  be  grazed, 
is  generally  regarded  as  equal  to  alfalfa  as  a  hog  pasture,  but  the 
second-year  crop  is  not  usually  so  satisfactory  unless  the  grazing  is 
properly  managed.  Unless  the  second-year  crop  is  kept  closely  grazed 
the  growth  becomes  tough  and  woody  and  is  not  relished  by  hogs. 
This  may  be  overcome  by  clipping  the  sweetclover  when  the  growth 
begins  to  get  too  large  or  by  limiting  the  size  of  the  pasture  to  the 
number  of  animals.  Some  farmers  follow  the  practice  of  dividing 
their  pastures  into  two  fields  and  pasturing  each  field  alternately  for 
periods  of  a  week  or  10  days. 

Data  were  obtained  from  only  ^ve  farms  on  which  hogs  were 

Eastured  exclusively  on  sweetclover  (table  7).  This  is  a  small  sample, 
ut  the  results  obtained  mdicate  that,  from  the  standpoint  of  carrying 
capacity,  sweetclover  can  be  as  effectively  grazed  by  hogs  as  by  cattle 
or  sheep.  No  data  relative  to  gains  made  on  pasture  on  these  farms 
were  obtainable,  but  experiments  conducted  by  the  Kansas  Agricul- 
tural Experiment  Station  show  sweetclover  to  have  practically  the 
same  value  as  alfalfa  as  a  pasture  for  hogs  (10).  Moreover,  in  a  dry 
year  the  sweetclover  remained  more  succulent  through  July  and 
August  and  produced  slightly  better  gains  than  did  alfalfa. 
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FOR  BEBS 

Sweetclover  produces  an  abundance  of  honey  of  excellent  quality 
and  has  long  been  recognized  by  beekeepers  as  the  best  crop  that 
can  be  grown  for  honey  production.  It  is  roughly  estimated  that  50 
percent  or  more  of  the  honey  produced  from  clovers  in  the  Great 
rlains  comes  from  this  crop. 

Sweetclover  has  a  long  blooming  season  and  the  period  of  nectar 
secretion  usually  extends  considerably  beyond  that  of  the  true  clovers 
and  other  eariy-blooming,  honey-producing  plants.  By  having  both 
early  and  late  maturing  sorts  of  the  biennial  species  followed  by  the 
annual  Hubam  a  succession  of  bee  pasture  is  provided  from  June  until 
late  in  the  fall. 

BLOAT  FROM  PASTURING  SWEETCLOVER 

Special  inquiry  was  made  relative  to  the  prevalence  of  bloat  from 
pasturing  sweetclover;  the  losses  of  livestock  from  this  trouble;  the 
conditions  under  which  bloat  is  most  likely  to  occur;  and  precautions 
to  be  taken  to  prevent  or  minimize  the  danger  of  loss  from  bloat. 

Data  were  obtained  from  431  farms  on  which  sweetclover  had  been 
used  for  pasture  for  an  average  of  approximately  9  years  (table  10). 
It  was  estimated  that  during  that  time  9,884  head  of  cattle  and  15,721 
head  of  sheep  were  grazed  on  these  farms.  On  only  35  of  the  total 
number  of  farms,  or  nearly  9  percent,  had  there  been  any  losses  from 
bloat.  Losses  of  both  cattle  and  sheep  were  relatively  small,  and  in 
most  cases  no  greater  than  would  have  been  expected  from  other 
causes. 

Table  10. — Sweetclover  bloat:  Number  of  farms  from  which  loss  of  livestock  from 
bloat  was  reported,  number  of  cattle  and  sheep  pastured,  and  number  and  per- 
centage of  animals  lost,  by  States 


State 

Farms 
report- 
ing 

Farms 

X'" 

losses 

Period 
covered 

Cattle 
pas- 
tured 

Cattle  lost 

Sheep 
pas- 
tured 

Sheep  lost 

North  Dakota 

Number 
92 
31 
40 
22 
65 
41 
84 
38 
18 

Number 
10 
3 
2 
2 
6 
4 
6 
2 
0 

Years 
8 
10 
6 
9 
12 
11 
8 
8 
6 

Number 
1,259 

510 
1,100 

156 
1,736 
1,415 
2,013 
1,274 

421 

Number 
11 
5 
6 
6 
21 
15 
14 
7 
0 

Percent 

0.9 

1.0 

.5 

3.8 

1.2 

1.1 

.7 

.5 

0 

Number 
6,300 

Number 
28 

Percent 
0.4 

South  Dakota 

Montana              ... 

3,500 

0 

0 

Wyoming 

Nebraska.. 

2,400 
3,350 

6 
0 

.2 

Colorado 

0 

Kansas    .   , 

Oklahoma 

Texas 

171 

0 

0 

Total 

431 

35 

8.8 

9,884 

85 

.86 

15, 721 

34 

.22 

The  percentage  of  loss  was  greatest  in  the  irrigated  sections  of 
Wyoming,  Nebraska,  and  Colorado,  and  in  the  more  humid  eastern 
part  of  the  Dakotas,  where  conditions  were  favorable  for  the  produc- 
tion of  a  quick,  rank,  and  sappy  growth  of  the  second-year  crop. 
Bloating  generally  was  more  prevalent  in  the  northern  than  in  the 
southern  Great  Plains  States.  Approximately  10  percent  of  the  farms 
in  the  northern  Plains  States  reported  losses,  while  but  7  percent  of 
the  Kansas  farms,  5  percent  of  tne  Oklahoma  farms,  and  none  of  the 
Texas  farms  reported  losses.  Few  cases  of  bloat  were  reported  from 
pasturing  the  first  year's  growth.     This  fact  may  account  in  part  for 
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the  more  frequent  occurrence  ef  bloat  in  the  northern  Plains  States, 
where  the  practice  of  pasturing  the  first-year  crop  is  less  common  than 
in  the  southern  Plains  States. 

The  general  opinion  expressed  by  the  interviewed  farmers  was  that 
there  is  less  danger  of  bloat  from  pasturing  sweetclover  than  from 
pasturing  red  clover,  alfalfa,  or  alsike  clover.  Cattle  and  sheep  are 
likely  to  bloat  if  permitted  to  gorge  themselves  on  any  lush  herbage, 
and  in  the  winter-wheat  region  more  bloat  trouble  was  reported  from 
grazing  wheat  in  the  spring  than  from  grazing  sweetclover.  In  many 
instances  in  which  losses  had  occurred  from  bloating  on  sweetclover 
the  animals  were  chronic  bloaters,  or  the  trouble  was  largely  the  result 
of  carelessness.  The  danger  of  bloat  exists,  however,  and  all  possible 
precautions  should  be  taken  to  guard  against  it. 

Conditions  generally  credited  with  contributing  to  the  danger  of 
bloat  were: 

Turning  livestock  on  sweetclover  for  the  first  time  when  animals  are  hungry . 

Turning  livestock  on  for  the  first  time  when  the  sweetclover  is  wet  with  dew 
or  rain. 

A  period  of  3  or  4  days  of  hot,  damp,  cloudy  weather,  while  sweetclover  is  being 
pastured. 

An  abnormally  rank,  sappy  growth  of  sweetclover. 

Precautions  recommended  to  prevent  or  minimize  the  danger  of 
bloat  were: 

Be  sure  the  animals  have  all  the  dry  roughage  they  will  eat  before  they  are 
turned  on  sweetclover  for  the  first  time. 

Have  dry  roughage — hay  or  straw —  accessible  to  the  animals  when  on  pasture. 

When  possible,  have  some  grass  pasture — bluegrass,  bromegrass,  or  native 
grass — where  it  can  be  grazed  in  conjunction  with  sweetclover. 

If  practicable,  turn  the  animals  on  sweetclover  early  in  the  spring — as  soon  as 
they  can  get  a  good  ''bite" — and  then  leave  them  on.  Some  slight  bloating  is 
likely  to  occur  when  they  are  first  turned  on,  but  this  will  usually  disappear  as 
soon  as  they  become  accustomed  to  sweetclover.  If  the  farmer  becomes  panicky 
and  removes  the  animals  as  soon  as  a  little  fullness  is  evident,  he  is  more  than  likely 
to  have  the  same  trouble  each  time  they  are  put  back  on  the  pasture. 

SWEETCLOVER  HAY 

Sweetclover  is  the  principal  hay  crop  in  many  sections  of  the  Great 
Plains  States.  It  is  produced  more  extensively  in  the  northern  part 
of  the  area  where  forage  requirements  for  wintering  livestock  are 
greater  and  where  conditions  are  more  favorable  to  the  production 
of  the  crop,  than  in  the  southern  Great  Plains.  North  Dakota  leads 
in  the  production  of  sweetclover  hay  by  a  wide  margin,  and  for  the 
years  1929-31  accounted  for  more  than  one  half  the  total  produc- 
tion of  eight  Great  Plains  States.  Nebraska,  South  Dakota,  and 
Montana  alternate  in  second,  third,  and  fourth  place  in  production 
(table  11).  In  1929,  according  to  census  data,  sweetclover  ranked 
second  in  North  Dakota  among  all  tame-hay  crops  as  to  both  acreage 
and  production,  being  exceeded  in  acreage  by  ''small  grain  cut  for 
hay"  and  in  total  production  by  alfalfa.  In  North  Dakota,  sweet- 
clover constitutes  approximately  30  percent  of  all  the  tame  hay  pro- 
duced, and  in  South  Dakota,  Montana,  and  Nebraska  it  makes  up 
about  4.5  percent  of  the  tame-hay  production. 
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Table  11. 


-Sweetclover  hay:  Acreage  harvested,  yield  per  acre,  and  production  in 
selected  States,  1929-31 


State 

Acreage 

Yield  per  acre 

Production 

1929 

1930 

1931 

1929 

1930 

1931 

1929 

1930 

1931 

North  Dakota 

t,000 

acres 

248 

69 

70 

10 

60 

12 

18 

7 

1,000 
acres 
206 
56 
65 
10 
54 
11 

1,000 

acres 

237 

39 

42 

7 

29 
9 
15 
7 

Tons 
1.30 
1.20 
.94 
1.36 
1.66 
1.45 
1.35 
1.14 

Tons 
1.20 
1.10 
.80 
1.25 
1.50 
1.40 
1.30 
1.00 

Tons 
1.00 
.90 
.80 
1.06 
1.00 
1.15 
1.35 
1.00 

1,000 

tons 

^22 

71 

66 

14 

93 

17 

24 

8 

1,000 

tons 

247 

62 

52 

12 

81 

15 

27 

7 

1,000 
tons 
237 

South  Dakota 

35 

34 

Wyoming                   ..      .  . 

7 

Nebraska 

29 

Colorado               

10 

20 

Oklahoma... 

7 

Total. 

484 

430 

385 

1.27 

1.17 

.99 

615 

503 

379 

Crops  and  Markets,  December  1932. 

Both  first-year  and  second-year  crops  of  sweetclover  are  utilized  for 
hay.  The  practice  of  using  the  second-year  crop  for  hay  is  common 
to  all  parts  of  the  area,  but  production  of  hay  from  the  first-year  crop 
is  confined  largely  to  certain  sections  of  Nebraska  and  to  the  southern 
part  of  the  Great  Plains,  where  the  longer  growing  season  and  a  more 
general  practice  of  seeding  the  crop  alone  are  conducive  to  a  larger 
growth  the  first  year  (table  12).  Owing  to  the  short  growing  season 
in  the  Dakotas,  Montana,  and  Wyoming,  it  is  seldom  that  new^  seed- 
ing makes  sufficient  growth  to  provide  a  cutting  of  hay,  and  it  is  only 
under  exceptionally  favorable  conditions  that  the  first  year's  growth 
is  cut  for  hay  in  these  States. 

Table  12. — Sweetclover  hay:  Acreage  harvested,  yield  per  acre,  and  production  on 
40  farms  harvesting  the  first-year  crop  in  1929  and  131  farms  harvesting  the 
second-year  crop  in  1930,  by  States 


First-year  crop 

Second-year  crop 

State 

Farms 

X"" 

Acreage 

har- 
vested 

Yield 
per 
acre 

Total 
produc- 
tion 

Farms 
report- 

Acreage 

har- 
vested 

Yield 
per 
acre 

Total 
produc- 
tion 

North  Dakota 

Number 

Acres 

Tons 

Tons 

Number 
40 
14 

21 
3 

8 

1 

8 

1 

5 
11 
10 
6 
3 

Acres 

2, 435. 0 

356.0 

785.5 
155.0 

127.5 
60.0 

146.0 
10.0 

178.0 
462.0 
172.0 
117.0 
21.5 

Tons 
1.22 
L36 

.71 
2.00 

1.00 
1.00 

1.09 

.75 

1.60 
2.08 
1.23 
1.46 
1.33 

Tons 
2, 977. 0 

South  Dakota 

484.0 

Montana: 

561.0 

On  irrigated  land . 

310  0 

Wyoming: 

On  dry  land    . 

12a  0 

On  irrigated  land 

60.0 

Nebraska: 

On  dry  land           ... 

4 
11 

63 

402 

0.98 
.68 

61.5 
274.5 

158.5 

On  irrigated  land 

7.« 

Colorado: 

On  dry  land 

284.5 

On  irrigated  land 

2 

18 

4 

14 

278 

10 

31 

1.14 
1.27 
.60 
.98 

16.0 

363.2 

6.0 

30.5 

961.5 

Ki^nsAfi 

211  0 

Oklahoma 

170.5 

Texas               

28.6 

Total  

40 

798 

.93 

741.7 

131 

6,025.5 

1.26 

6, 342. 1 

When  the  growth  is  sufficient  the  first-year  crop  makes  the  best 
quality  hay.  It  is  finer  stemmed,  leafier,  and  easier  to  handle  in 
harvesting.  Except  in  the  drier  sections,  sweetclover  seeded  without 
a  nurse  crop  usually  produces  a  good  crop  of  hay  the  first  season. 
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Such  hay  is  usually  clean  and  has  practically  the  same  value  as 
alfalfa.  Hay  from  first-year  sweetclover  that  was  seeded  with  a 
nurse  crop  is  likely  to  contain  considerable  grain  stubble  and  trash, 
but  this  is  not  a  serious  objection  if  the  hay  is  for  home  consumption. 

HAY-MAKING  PRACTICES 

Hay-making  practices  vary  widely  between  individual  farms  and 
under  different  conditions,  depending  on  whether  it  is  the  first-year 
or  second-year  crop,  on  weather  conditions,  and  on  the  equipment 
available  for  handling  the  crop. 

If  the  first-year  crop  is  cut  for  hay  it  is  usually  handled  the  same 
way  as  alfalfa  and  as  a  rule  is  not  difficult  to  cure.  The  usual  practice 
is  to  cut  with  a  mower,  rake  into  windrows  as  soon  as  the  leaves  are 
wilted,  and  cure  in  the  windrow  or  cock. 

The  second-year  crop  is  more  difficult  to  handle,  and  greater  care 
in  curing  is  needed  to  minimize  waste  and  produce  a  good  quality  of 
hay.  To  make  the  best  quality  of  hay,  the  second -year  crop  should 
be  cut  early,  preferably  before  the  first  blossom  buds  appear.  Cut- 
ting early  is  particularly  important  if  any  considerable  acreage  is  to 
be  harvested.  The  second-year  crop  develops  rapidly,  and  a  delay  of 
a  week  or  so  may  find  the  plants  well  past  the  stage  for  making  good- 
quahty  hay.  At  the  proper  stage  for  cutting,  the  growth  is  sappy 
and  rather  difficult  to  cure,  but  if  cutting  is  delayed  much  beyond 
this  stage  the  product  is  likely  to  be  coarse,  woody,  and  unpalatable. 
Because  of  the  difficulty  in  curing,  or  of  a  delay  in  cutting,  or  of  care- 
less or  improper  methods  of  harvesting,  a  large  percentage  of  second- 
year  sweetclover  hay  now  produced  is  relatively  poor  in  quality. 

Inquiry  into  harvesting  practices  on  158  farms  showed  that  two 
general  methods  were  being  followed.  On  approximately  80  percent 
of  the  farms  the  crop  was  cut  with  a  mower,  and  on  18  percent  of  the 
farms  a  grain  binder  was  used  for  cutting;  a  windrower  was  used  on 
3  farms  (table  13). 


Table    13.- 

-Sweetclover   hay:    Method  of  harvesting 

second-year   crop, 

by  States 

State 

Farms 
reporting 

Farms  harvesting  with— 

Mower 

Binder 

Windrower 

North  Dakota - 

Number 
46 
13 
42 
9 
10 
17 
11 
8 
2 

Number 
34 
11 
30 
9 
10 
16 
8 
7 
1 

Number 
11 
2 
11 

Number 
1 

South  Dakota . 

Montana 

1 

Wyoming ., ,. 

Nebraska..  .  . 

Colorado ......    

1 
2 

1 
1 

Kansas .    ... 

1 

Oklahoma 

Texas 

Total  ... 

158 

126 

29 

3 

Where  a  mower  was  used  in  cutting  the  second-year  crop  the  most 
successful  producers  were  following  the  practice  of  raking  the  hay 
into  windrows  before  the  leaves  were  dry  enough  to  shatter.  Those 
having  left-hand  side-delivery  rakes  found  this  implement  far  superior 
to  the  ordinary  dump  rake  in  handling  sweetclover.  This  implement 
picks  the  hay  up  and  rolls  it  into  a  cylindrical  windrow  with  most  of 
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the  leaves  on  the  inside  and  the  stems  on  the  outside,  thus  insuring  a 
more  uniform  curing  of  stems  and  leaves  and  a  minimum  shattering 
of  leaves.  A  few  were  using  a  hook-up  of  general-purpose  tractor, 
two  mowers,  and  left-hand  side-delivery  rake,  thus  accomphshing  the 
mowing  and  raking  in  a  single  operation.  Where  this  outfit  was 
used,  the  freshljr  cut  clover  lay  in  the  swath  only  while  a  "round"  of 
the  field  was  being  made.  This  is  probably  the  most  effective  outfit 
for  handling  large  acreages  of  the  crop  economically  and  for  making  a 
liigh-quality  hay. 

Two  methods  were  followed  where  the  crop  was  cut  with  a  grain 
binder.  Some  were  following  the  practice  of  letting  the  clover  fall  in 
bunches  (untied  bundles)  on  the  high  stubble  and  leaving  it  undis- 
turbed until  cured.     The  high  stubble  holds  the  clover  up  off  the 


Figure  4.— If  a  windrower  is  available  it  may  be  effectively  used  in  cutting  sweetclover  for  hay.  The 
implement  saves  labor,  and  the  loss  of  leaves  from  shattering  is  small  as  compared  with  thai  in  hay 
windrowed  with  a  rake. 

ground  and  permits  the  air  to  circulate  underneath  the  bunches,  thus 
hastening  the  curing.  A  more  common  practice  was  to  tie  the  clover 
in  rather  loose  bundles  which  were  immediately  set  up  in  long  shocks 
like  grain,  and  stacked  or  stored  in  the  barn  when  cured.  This 
bundled  hay  is  easily  handled  in  hauling  and  feeding,  but  if  a  con- 
siderable acreage  is  to  be  harvested  the  cost  or  twine  may  make  this 
method  more  expensive  than  harvesting  with  a  mower  and  rake. 
One  advantage  oi  cutting  with  a  binder  is  that  the  clover  may  be  cut 
as  high  as  desired,  and  another  is  that  it  contains  no  old  stubble  or 
trash  as  it  is  likely  to  if  a  mower  and  rake  are  used. 

Where  a  windrower  or  swather  was  used  for  cutting,  the  clover  was 
run  directly  into  windrows  where  it  cured  out  with  relatively  small 
loss  of  leaves  from  shattering  (fig.  4).  The  use  of  this  implement 
eliminates  the  labor  of  raking,  and  the  hay  is  relatively  free  from  old 
stubble  or  other  trash  hkely  to  be  taken  up  with  the  hay  when  a  rake 
is  used.  Farmers  who  were  using  this  method  of  cutting  sweet- 
clover  for  hay  preferred  it  to  either  the  mower  or  binder. 
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YIELDS  OF  HAY 

Yields  of  sweetclover  hay  as  reported  from  different  farms  ranged 
from  0.5  to  2  tons  per  acre  for  the  first-year  crop,  and  from  0.5  to  3 
tons  per  acre  for  the  second-year  crop.  Yields  reported  from  40 
farms  on  which  the  first-year  crop  was  harvested  averaged  0.93  ton 
per  acre,  and  from  131  farms  on  which  the  second-year  crop  was 
harvested  the  average  yield  was  1.26  tons  per  acre  (Table  12). 

Yields  of  first-year  sweetclover  were  highest  in  Kansas,  the  high 
yield  being  due  to  the  fact  that  on  the  majority  of  these  farms  the 
crop  was  seeded  alone  and  the  growth  was  not  restricted  by  a  nurse 
crop. 

Highest  yields  of  the  second-year  crop  were  reported  from  irrigated 
farms  in  Colorado  and  Montana.  Nonirrigated  farms  in  Montana 
reported  an  average  of  but  0.71  ton  per  acre.  This  relatively  low 
yield  was  largely  due  to  the  severe  drought.  Yields  froni  other 
States  were  relatively  uniform. 

SWEETCLOVER  POISONING 

Sweetclover  poisoning  is  a  specific  disease  in  cattle,  resulting  from 
molded  or  spoiled  sweetclover  hay  or  silage.  The  disease  manifests 
itself  by  loss  of  clotting  power  of  the  blood,  and  affected  animals  may 
bleed  to  death  from  dehorning,  castration,  or  minor  wounds,  such  as 
wire  cuts,  or  from  internal  hemorrhage.  As  the  disease  cannot  be 
detected  until  considerable  loss  has  occurred,  precautionary  measures 
are  likely  to  be  neglected  until  the  trouble  is  evident. 

The  disease  occurs  more  commonly  in  young  cattle  than  in  mature 
animals.  Under  ordinary  conditions  horses  and  sheep  are  rarely  if 
ever  affected  with  the  disease.  An  attempt  to  produce  the  disease 
in  sheep  was  made  by  the  department  of  veterinary  science  of  the 
North  Dakota  Experiment  Station.  After  a  long  period  of  feeding 
sweetclover  hay  that  possessed  the  disease-producing  qualities  to  a 
high  degree,  the  disease  was  produced  in  only  one  animal.  There 
appears  to  be  no  authentic  record  of  the  disease  affecting  sheep  under 
ordinary  farm  conditions  (7) . 

Results  of  an  inquiry  relative  to  this  trouble  indicated  that  farmers 
have  learned  to  use  caution  in  feeding  hay  made  from  second-year 
sweetclover,  and  none  of  those  interviewed  had  had  a  second  occur- 
rence of  the  poisoning.  Data  were  obtained  from  228  farms  on  which 
sweetclover  hay  was  fed  and  are  shown  in  table  14.  No  difficulty 
was  reported  from  feeding  hay  made  from  the  first-year  crop. 

Table  14. — Poisoning  from  feeding  sweetclover  hay:  Number  of  farms  from  which 
such  feeding  was  reported,  number  and  percentage  from  which  poisoning  was 
reported,  and  losses,  by  States 


State 

• 

Farms 
reporting 

Farms  reporting 
poisoning 

Farms  reporting 
losses 

North  Dakota 

Number 
64 
22 
37 
9 
32 
19 
31 
8 
6 

Number 
7 
1 
3 
3 
1 
0 
3 
0 
0 

PerceiU 
10.9 

4.5 

8.1 
33.3 

3.1 

0 

9.7 
.        0 

0 

Number 
5 
1 
2 
1 
1 
0 
3 
0 
0 

Percent 

7.8 

South  Dakota 

4.5 

5.4 

11.1 

Nebraska 

3.1 

0 

9.7 

Oklahoma 

0 

Texas .  .-. 

0 

Total                           .  - 

228 

18 

7.9 

13 

5.7 
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The  method  of  minimizing  the  occurrence  of  the  disease  by  feeding 
sweetclover  hay  with  2  or  3  times  as  much  other  roughage,  or  by 
feeding  sweetclover  hay  for  a  week  or  10  days  and  then  feeding  other 
roughage  for  2  weeks  or  more,  is  now  well  understood,  and  those  who 
have  once  experienced  trouble  from  sweetclover  poisoning  usually 
adopt  these  precautionary  methods. 

SEED  PRODUCTION 

Data  on  the  acreage  of  sweetclover  harvested  for  seed  are  not 
available  for  the  years  prior  to  1925.  It  is  well  known,  however, 
that  the  rapid  expansion  in  the  use  of  sweetclover  which  took  place 
from  1915  to  1920  resulted  in  a  greatly  increased  demand  for  seed. 
This  increased  demand  is  reflected  in  the  relatively  high  price  that 
growers  obtained  for  the  1918  and  1919  seed  crops  (table  15).  Prices 
for  the  1920  and  1921  seed  crops  fell  precipitously  but  increased 
gradually  from  1922  to  1926.  Since  1926  prices  have  gradually  de- 
clined. Seed  production  appears  to  have  reached  the  peak  in  1927, 
when  300,000  acres  were  harvested,  the  total  production  being  1,223,- 
800  bushels.  Both  acreage  and  production  have  declined  steadily 
since  1927,  the  acreage  harvested  for  seed  in  1931  being  247,600 
acres,  a  decrease  of  18  percent  from  the  1927  acreage,  and  production 
being  837,700  bushels,  a  decrease  of  32  percent.  This  decrease  in 
acreage  was  mainly  due  to  the  decline  in  price,  and  the  resulting 
decline  in  production  was  further  augmented  by  a  falling  off  in  the 
yield  per  acre,  due  to  unfavorable  weather  conditions. 

Table  15. — Sweetclover  seed:  Average  price  per  bushel  paid  to  growers  for  crops, 

1918-31  » 


State 

1918 

1919 

1920 

1921 

1922 

1923 

1924 

Illinois 

Dollars 
16.00 
10.50 
10.80 
10.20 
10.80 

9.84 
12.00 
11.40 

8.40 
10.80 
10.80 

Dollars 
14.40 
12.60 
13.80 
12.60 
15.00 
14.10 
13.20 
13.95 
12.96 
14.86 
15.60 

Dollars 
9.78 
4.80 
5.76 
5.70 
7.50 
4.89 
5.40 
6.90 
5.94 
6.00 
6.10 

Dollars 
6.09 
2.70 
2.64 
3.00 
3.93 
3.06 
3.00 
3.00 
2.65 
3.90 
1.80 

Dollars 
4.26 
4.11 
4.41 
4.20 

Dollars 
6.82 
6.49 
5.40 
5.82 

Dollars 
6. 12 

Minnesota  . 

4  89 

North  Dakota 

6.01 

South  Dakota 

4.83 

Nebraska 

Kansas 

4.66 

6.46 

5.28 

Oklahoma 

Montana 

4.20 
2.73 

6.49 
6.16 

6.01 

Colorado 

4.95 

Idaho 

Utah 

6.00 

6  12 

Average  ' 

10.96 

13.91 

6.16 

3.24 

4.08 

6.58 

5  28 

State 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

Ohio 

Doltnrs 
7.70 
8.00 
8.30 

Dollars 
8.00 
8.30 
8.80 

Dollars 
6.20 
6.50 
7.00 

Dollars 
6.80 
5.80 
5.30 

Dollars 
4.80 
6.30 
6.10 

Dollars 
4.70 
4.70 
4.70 
4.05 
3.55 
4.00 
4.00 
3.35 
3.10 
3.10 
3.30 
3.70 
3.90 

Dollars 
3  50 

Indiana 

3.80 

Illinois 

3.80 

W  isconsin 

3  70 

Minnesota...      

3.30 
7.10 
7.10 
4.30 
4.50 
5.00 
6.60 
6.70 
6.70 

6.10 
8.00 
8.00 
7.00 
7.30 
5.80 
6.70 
8.60 
7.30 

3.50 
6.70 
6.00 
4.25 
4.20 
5.00 
4.35 
6.00 
4.50 

3.40 
6.30 
5.40 
3.60 
3.00 
3.90 
3.30 
4.30 
3.70 

3.30 
4.95 
4.50 
3.55 
3.30 
3.10 
3.40 
4.30 
3.66 

2  00 

Iowa 

4.10 

Missouri 

3  60 

North  Dakota 

2.50 

South  Dakota 

2.50 

Nebraska 

3.20 

Kansas    ....  .. 

2  60 

Montana  . 

3  90 

Colorado 

3.70 

Average » 

4.87 

6.99 

4.67 

3.76 

3.57 

3.49 

2.67 

Compiled  from  U.S.  Department  of  .\griculture  Yearbooks. 

'  Prices  for  1926-31,  are  of  December. 

»  Average  prices  for  years  1918-24  are  average  of  the  State  averages,  and  for  1926-31  are  weighted  averages 
for  the  United  States. 
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The  Great  Plains  States  normally  produce  approximately  65 
percent  of  the  reported  production  of  sweetclover  seed  of  the  United 
States  (table  16).  North  Dakota,  with  an  average  annual  production 
of  274,500  bushels  for  the  3-year  period  1929-31,  leads,  and  produces 
approximately  30  percent  of  the  total  United  States  production. 
For  the  same  period  Minnesota  and  South  Dakota  ranked  second  and 
third  of  the  Great  Plains  States  with  average  annual  productions  of 
195,833  and  186,233  bushels  respectively.  Nebraska  and  Kansas 
ranked  fourth  and  fifth,  with  average  annual  productions  of  83,667 
and  58,867  bushels,  respectively. 

Sweetclover  is  difficult  to  harvest  for  seed,  even  under  favorable 
conditions.  This  is  particularly  true  of  the  biennial  white  which 
grows  to  a  height  of  5  to  8  feet  and  is  exceedingly  troublesome  to 
handle  with  a  binder  or  other  machinery.  Farmers  who  make  a 
practice  of  producing  seed  of  this  species  usually  clip  the  first  growth 
of  the  second-year  crop  or  keep  it  pastured  down  until  about  the  first 
of  June.  Either  of  these  treatments  causes  the  plants  to  branch  more 
freely  and  the  seed  to  mature  more  uniformly,  and  makes  the  crop 
easier  to  harvest.  The  clipping  is  done  when  the  plants  are  12  to  20 
inches  high,  and  only  the  tops  are  clipped  off.  Clipping  is  done,  with 
a  binder,  a  header,  a  windrower,  or  a  mower  equipped  with  attach- 
ments to  raise  the  cutter  bar  the  required  distance  from  the  ground. 


Table  16. — Sweetclover  seed 

;  Acreage  harvested, 
by  States,  1929- 

yield  per  acre 
SI 

,  and  total  productioUy 

State 

Acreage 

Yield  per  acre 

Production 

1929 

1930 

1931 

1929 

1930 

1931 

1929 

1930 

1931 

Ohio 

Acres 
6,000 
2,000 
17,000 

Acres 

4,000 

2,000 

14,000 

5,000 

32,000 

10,000 

2,000 

64,000 

43,000 

16,200 

18,000 

5,000 

3,500 

Acres 

5,000 

2,000 

13,000 

1,600 

41,000 

10,000 

2,000 

70,000 

59,000 

24,000 

14,000 

2,500 

3,500 

Bushels 
2.5 
3.0 
3.5 

""4."5"' 
3.0 
3.0 
4.6 
4.3 
4.3 
3.9 
4.0 
6.0 

Bushels 
2.9 
3.0 
3.3 
4.6 
4.6 
3.9 
3.0 
3.8 
3.7 
4.2 
3.9 
3.0 
5.0 

Bushels 
2.4 
3.0 
2.6 
3.7 
5.0 
3.5 
3.0 
3.0 
2.4 
4.4 
3.7 
3.0 
6.0 

Bushels 
15,000 
6,000 
59,500 

Bushels 

11,600 

6,000 

46,200 

22,500 

144,  000 

39,000 

6,000 

243,200 

159,100 
68,000 
70,200 
15,000 
17,500 

Bushels 
12,000 

Indiana 

6,000 

33,800 

Wisconsin 

5,900 

Minnesota 

53,000 
8,000 
8,000 
80,500 
60,000 
18,000 
14,000 
5,000 
4,000 

238,500 
24,000 
24,000 
370,  300 
258,000 
77,400 
54,600 
20,000 
20,000 

205,000 

35,000 

Missouri 

6,000 

North  Dakota 

210,  000 

South  Dakota 

141,600 

Nebraska 

105,600 

Kansas .  .  . . 

51,800 

Montana 

Colorado 

7,500 
17,500 

United  States 

275,500 

218,  700 

247,600 

4.24 

3.88 

3.38 

1, 167,  300 

848,300 

837,700 

Crops  and  Markets,  December  1932. 

A  comparatively  thin  stand  is  desirable  for  seed  production.  The 
plants  are  inclined  to  branch  more,  are  not  so  tall,  are  more  easily 
harvested,  and  usually  are  more  heavily  set  with  seed,  than  when  the 
stand  is  thick.  In  some  of  the  drier  sections  seed  producers  make  a 
practice  of  disking  their  sweetclover  fields  in  the  spring  to  conserve 
moisture,  and  to  thin  out  some  of  the  plants  where  the  stand  is  thick. 


HARVESTING  THE  SEED 


Special  machines  for  harvesting  sweetclover  seed  are  not  manu- 
factured, and  the  crop  usually  is  harvested  with  such  equipment  as  is 
found  on  the  farm.  The  bulk  of  the  crop  is  harvested  with  ordinary 
grain  binders  (table  17).  Some  farmers  have  binders  equipped  w^th 
pans  to  catch  the  seed  that  shatters  off  in  harvesting. 
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Table  17. — Sweetclover  seed:   Acreage  harvested,  yield  per  acre,  and  production  on 
85  farms,  by  method  of  harvesting,  1930 


Method  of  harvesting 

Farms 
reporting 

Acreage 
harvested 

Yield  per 
acre 

Produc- 
tion 

Grain  binder..., 

Number 
55 
14 
8 
8 

Acres 

1,565 

371 

208 

156 

Bushels 
4.77 
2.71 
2.92 
1.92 

Bushels 
7,463 

Combine 

1.006 

Header  or  windrower. ,  - .  - - . 

608 

Beater 

299 

Several  practices  were  in  vogue  where  the  crop  was  harvested  with 
grain  binders.  If  the  crop  was  to  be  threshed  within  a  week  or  10  days 
after  harvest  some  followed  the  practice  of  letting  the  bundles  lie 
untouched  on  the  stubble  until  ready  to  thresh;  others  set  the  bundles 
up  in  shocks  like  grain  and  threshed  from  the  shock.  When  it  was 
impracticable  to  thresh  within  10  days  the  usual  practice  was  to  stack 
the  bundles  and  let  them  go  through  a  sweat  before  being  threshed. 
To  minimize  the  loss  of  seed  from  shattering,  many  were  using  tractor- 
drawn  binders  and  cutting  from  midnight  until  after  the  dew  was  off 
in  the  morning.  Farmers  who  were  obtaining  the  highest  yields  were 
following  this  method  of  cutting,  and  then  putting  the  bundles  in 
small  stacks.  These  stacks  were  built  by  placing  3  or  4  bundles  flat  on 
the  stubble  and  building  a  stack  about  5  or  6  feet  high  on  these 
bundles.  Seed  that  shatters  off  collects  on  the  lower  bundles;  there  is 
a  minimum  loss  when  this  practice  is  followed. 

Harvesting  with  a  straight  combine  was  not  generally  reported  as 
satisfactory.  A  combine  works  best  when  the  crop  is  dry  and  at  that 
time  there  is  heavy  loss  of  seed  from  shattering.  If  harvesting  is 
done  at  a  time  suitable  for  saving  the  most  seed,  a  considerable  quan- 
tity of  leaves,  broken  stems,  and  immature  seed  will  be  mixed  with  the 
ripe  seed.  Considerable  labor  is  likely  to  be  required  in  drying  to 
prevent  the  seed  from  heating  and  spoiling,  and  in  cleaning  the  seed 
after  it  is  dried  out. 

Harvesting  with  a  header  and  with  a  windrower  are  grouped 
together  because  both  the  quality  of  seed  and  the  yields  obtained  by 
these  methods  were  about  the  same.  Where  sweetclover  was  har- 
vested with  a  header,  it  was  usually  put  in  shocks,  one  header-box  load 
in  each  shock,  and  was  later  threshed.  By  this  method  the  sweet- 
clover cures  out  readily,  and  the  shocks  may  be  placed  close  together 
to  facilitate  threshing.  When  cut  with  a  wmdrower,  the  clover  cures 
out  quickly  and  is  threshed  with  a  pick-up  and  combine. 

On  ei^ht  farms  beaters,  made  from  old  grain  binders,  were  used  for 
harvestmg  seed.  The  advantages  of  this  method  are  that  practically 
all  the  seed  gathered  are  mature  and  that  it  eliminates  the  cash  outlay 
for  twine  and  thresliing  and  the  labor  of  shocking  and  stacking. 
Disadvantages  are  the  lower  yield  and  the  labor  required  for  spreading 
the  seed  out  to  cure  in  order  to  prevent  heating  and  spoiling  brought 
about  by  the  presence  of  green  leaves,  broken  stems,  and  other  trash 
collectea  with  the  seed. 

YIELDS  OF  SEED 

Yields  of  sweetclover  seed  vary  widely,  depending  on  the  method  of 
handling  the  crop  prior  to  harvest,  weather  conditions,  time  of  har- 
vesting, and  method  of  harvesting.     WTiere  the  growth  is  permitted 
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to  become  overrank  and  is  harvested  with  a  binder,  or  where  the  crop 
is  cut  during  the  heat  of  the  day  when  the  stalks  are  dry  and  brittle,  a 
large  percentage  of  seed  frequently  is  lost  by  shattering. 

Sweetclover  matures  its  seed  over  a  considerable  period.  Both 
green  and  ripe  seed  are  found  on  the  plant  from  the  time  the  first  seed 
ripen  until  the  plant  is  fully  mature.  To  obtain  maximum  yields  the 
most  favorable  time  to  harvest  the  crop  is  when  from  one  half  to  two 
thirds  of  the  seed  pods  are  brown.  This  period  is  usually  only  a  few 
days  in  lefngth,  and  delay  in  harvesting,  due  to  unfavorable  weather, 
press  of  other  work,  or  other  circumstances,  is  likely  to  materially 
reduce  the  yield. 

Data  from  94  farms  on  which  2,443  acres  were  harvested  for  seed 
show  an  average  yield  of  4.03  bushels  per  acre  (table  18).  This  is 
slightly  above  the  average  yield  for  the  United  States  for  1930.  A 
wide  variation  in  yield  was  reported  from  different  farms,  the  range 
being  from  1  to  18  bushels.  The  liigh  yields  reported  on  the  2  Mon- 
tana and  3  Wyoming  farms  are  considerably  above  the  average  and 
are  mainly  due  to  the  highly  effective  harvesting  practices  followed  on 
these  farms.  A  larger  sample  from  these  States  would  undoubtedly 
show  a  considerably  lower  average  yield. 

Table  18. — Sweetclover  seed:  Acreage  harvested,  yield  per  acre,  and  production  on 

94  farms,  by  States,  1930 


State 

Farms 
reporting 

Acreage 
harvested 

Yield 
per  acre 

Produc- 
tion 

North  Dakota 

Number 
7 
9 
2 
3 
15 
9 
28 
19 
2 

Acres 

677.5 

262.0 

37.5 

29.5 

209.0 

307.0 

488.0 

419.5 

13.0 

Bushels 
4.71 
3.29 
11.20 
10.71 
3.13 
4.42 
3.27 
3.35 
2.54 

Bushels 
3, 193 

South  Dakota 

861 

Montana .. 

420 

Wyoming _  _  ,..  .      

316 

Nebraska ...  .... 

655 

Colorado 

1,357 
1  596 

Kansas 

Oklahoma .     .     . 

1  406 

Texas.- -.-... 

33 

Total 

94 

2,  443.  0 

4.03 

9,837 

YIELDS  BY  VARIETIES 


Yields  of  the  shorter  growing  varieties,  biennial  vellow  and  Grundy 
County  white,  usually  average  higher  than  those  of  the  common  white 
biennial,  probably  because  the  larger  growth  of  the  latter  is  more 
difficult  to  handle  and  a  larger  proportion  of  the  seed  is  lost  in  har- 
vesting. If  the  crop  is  pastured  down  in  the  spring,  or  is  clipped  to 
prevent  the  growth  from  becoming  too  tall,  the  yield  of  seed  of 
biennial  white  is  usually  equal  to  that  of  the  smaller  growing  sorts. 

Of  the  94  farms  from  which  data  on  1930  yields  of  seed  w^ere 
obtained,  71  were  growing  white  biennial,  18  were  growing  biennial 
yellow,  4  were  growing  Grundy  County  white,  and  1  was  growing 
Hubam  (table  19).  These  data  show  biennial  yellow  producing  the 
highest  yield  per  acre;  Grundy  County  white,  next;  and  biennial 
white  was  third.  A  yield  of  3.28  bushels  per  acre  was  reported  for 
Hubam. 

That  comparatively  higher  yields  were  reported  for  biennial  white 
in  North  Dakota  was  probably  due  to  the  fact  that  much  of  the 
supposedly  biennial  white  grown  in  this  State  in  reality  was  a  mixture 
of  biennial  white  and  Grundy  County  white,  with  the  latter  pre- 
dominating in  many  instances.  Farmers  who  prefer  the  biennial 
white  complain  of  inability  to  procure  unmixed  seed  of  this  sort. 
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Table  19. 


-Sweetclover  seed:  Acreage  harvested,  yield  per  acre,  and  production  on 
93  farms,  by  Stales  and  by  variety,  1930 


WHITE  BIENNIAL 

StaU 

Farms 
reporting 

Acreage 
harvested 

Yield 
per  acre 

Produc- 
tion 

North  Dakota 

Number 
2 
7 
2 
1 

11 

1 

26 

19 

2 

Acres 
320.0 
202.0 

37.5 

7.6 

161.0 

35.0 
438.0 
419.5 

13.0 

Bushels 
5.10 
3.01 
11.20 
7.33 
2.70 
2.86 
3.39 
3.35 
2.54 

Bushels 
1,633 

South  Dakota             

608 

Montana 

420 

55 

Nebraska                                                                   

434 

Colorado 

100 

Kansas          .                .  . 

1,486 

Oklahoma                                                                         -  - 

1,406 

Texas .                                          

33 

Total  or  average                 .    -.      - 

71 

1,633.5 

3.78 

6,175 

YELLOW  BIENNIAL 


North  Dakota. 

Wyoming 

Nebraska 

Colorado 

Kansas 


Total  or  average. 


2 

77.5 

4.99 

2 

22.0 

11.86 

4 

48.0 

4.60 

8 

272.0 

4.62 

2 

60.0 

2.20 

18 

469.5 

4.76 

387 
261 
221 
1,257 
110 


2,236 


GRUNDY  COUNTY  WHITE 


North  Dakota 

3 

1 

280.0 
20.0 

4.19 
6.00 

1.173 

South  Dakota 

120 

4 

300.0 

4.31 

1,293 

THRESHING 

The  bulk  of  the  sweetclover  seed  crop  in  the  Great  Plains  States 
is  threshed  with  ordinary  grain  separators,  equipped  with  special 
clover  screens  or  huller  attachment.  In  a  few  locaUties  regular 
clover  hullers  are  used,  and  where  the  crop  is  harvested  with  a  wind- 
rower,  the  threshing  is  done  with  a  pick-up  and  combine. 

There  appears  to  be  little  or  no  uniformity  in  the  charge  for  thresh- 
ing, the  rates  varying  from  50  cents  to  $1  per  bushel.  In  some 
localities  the  rate  varies  according  to  the  yield  of  seed  per  acre  and 
the  size  of  the  job. 

SWEETCLOVER  FOR  SOIL  IMPROVEMENT 

One  of  the  important  functions  of  sweetclover  in  the  more  humid 
areas  and  in  irrigated  sections  of  the  Great  Plains  is  to  increase  and 
maintain  soil  fertihty.  It  is  less  important  for  this  purpose  in  the 
newer  farming  areas  and  in  dry-farming  sections  where  depletion  of 
soil  fertiUty  is  less  rapid,  or  where  moisture  conditions  make  impracti- 
cable the  use  of  green  manures. 

Considered  from  a  soil-improvement  standpoint,  the  uses  of  sweet- 
clover are  manifold.  It  appears  to  increase  soil  fertility  more  rapidly 
and  more  effectively  than  any  other  legume ;  it  will  materially  improve 
the  physical  condition  of  heavy  clays,  "gumbos",  and  soils  that  have 
a  tight,  impervious  subsoil;  and  it  will  grow  on  many  soils  that  are 
too  wet,  or  too  deficient  in  fertility,  or  too  alkaline,  to  produce  other 
crops. 

Sweetclover  is  unexcelled  as  a  soil-improvement  crop  and  will 
quickly  restore  fertility  to  soils  that  are  unproductive  because  of  a 
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deficiency  of  organic  matter  or  nitrogen.  Experiments  in  Ohio  show 
that  a  single  crop  of  sweetclover  contains  from  75  to  250  pounds  of 
nitrogen  per  acre,  and  when  plowed  under,  it  returns  approximately 
as  much  nitrogen  to  the  soil  as  20  tons  of  barnyard  manure  (9) .  Besides 
adding  organic  matter  and  nitrogen  to  the  soil,  the  deeply  penetrating 
roots  enable  the  plants  to  draw  upon  relatively  insoluble  forms  of 
phosphorus,  potash,  and  lime  in  the  subsoil,  and  when  the  crop  is 
plowed  under,  these  elements  of  fertility  are  left  in  the  soil  in  a  form 
readily  utilized  by  subsequent  crops. 

The  crop  is  not  generally  used  for  green  manure  in  the  Great 
Plains  except  in  the  irrigated  sections  and  under  favorable  conditions 
in  some  of  the  more  humid  sections  in  the  eastern  part  of  the  area. 
Sweetclover  draws  heavily  on  soil  moisture  after  it  starts  growth  the 
second  year,  and  if  it  is  plowed  under  for  green  manure,  the  succeeding 
crop  is  likely  to  suffer  for  moisture  unless  conditions  are  exceptionally 
favorable.  Although  it  is  used  to  some  extent  as  a  green  manure  in  the 
more  humid  sections,  it  is  more  commonly  grown  in  various  rotations 
and  used  for  pasture,  cut  for  hay,  harvested  for  seed,  or  plowed  under 
in  June  or  July;  then  the  land  is  summer-fallowed.  In  the  drier 
sections  it  is  frequently  grown  about  once  in  5  or  6  years  as  a  pasture 
or  hay  crop  in  rotation  with  small  grains.  When  grown  under  semi- 
arid  conditions,  it  is  generally  utilized  for  pasture  or  hay,  and  the 
same  land  is  seeded  to  the  crop  as  long  as  possible. 

The  physical  condition  of  heavy  soils  is  greatly  improved  by  grow- 
ing and  turning  under  sweetclover.  The  increased  supply  of  organic 
matter  renders  heavy  clay  and  gumbo  soils  less  tenacious  and  more 
easily  worked.  The  large,  fleshy  roots  penetrate  deeply,  tending  to 
break  up  tight,  impervious  subsoils  and  thus  improve  drainage  and 
aeration.  This  combination  of  increased  organic  matter  and  improved 
drainage  increases  the  ability  of  the  soil  to  absorb  and  retain  moisture 
and  decreases  the  amount  of  run-off  from  heavy  rains.  This  is  an 
important  consideration  in  many  sections  in  which  considerable  sheet 
erosion  occurs  and  moisture  is  lost  through  inability  of  the  soil  to 
absorb  heavy  precipitation. 

Many  areas  of  poor  and  unproductive  land,  when  seeded  to  sweet- 
clover provide  considerable  grazing,  and  eventually  become  suffi- 
ciently fertile  to  produce  satisfactory  yields  of  other  crops.  Sweetclover 
will  grow  on  land  too  strongly  alkaline  for  other  crops  and  in  time 
will  reduce  the  alkalinity  to  a  point  at  which  alfalfa  and  grain  crops 
may  be  grown. 

INCREASING  CROP  YIELDS 

Where  moist'ure  conditions  are  favorable,  yields  of  practically  all 
crops  that  follow  sweetclover  are  likely  to  be  increased;  but  in  dry 
^ears  and  in  sections  that  have  a  low  annual  precipitation  the  reverse 
IS  frequently  true.  Where  there  is  a  shortage  of  moisture  the  first 
crop  that  follows  sweetclover  is  likely  to  yield  no  better,  or  may  even 
be  below  the  average ;  but  the  second  crop  usually  more  than  makes  up 
for  any  decrease  in  the  yield  of  the  first  crop.  For  example:  Where  it 
is  the  practice  to  follow  a  crop  of  sweetclover  with  two  successive 
crops  of  corn,  it  frequently  happens  that  the  first  crop  of  corn  will 
show  a  yield  below  the  average,  whereas  the  second  crop  will  yield 
from  25  to  100  percent  above  the  average. 

As  a  rule  farmers  do  not  keep  accurate  record  of  crop  yields  in  the 
individual  fields;  hence,  it  is  not  always  possible  to  obtain  data  from 
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which  increases  or  decreases  in  production  resulting  from  certain 
practices  may  be  determined.  With  the  exception  of  those  in  some 
of  the  drier  sections,  a  large  majority  of  the  farmers  interviewed  in  this 
study  reported  that,  in  the  long  run,  practically  all  crops  yield  better 
if  sweetclover  is  included  in  the  croppmg  system.  However,  only  156 
of  the  500  farmers  interviewed  were  able  to  give  accurate  figures  on 
yields  of  crops  following  sweetclover  as  compared  with  yields  from 
land  on  which  no  sweetclover  had  been  grown.  Many  of  those  from 
whom  data  were  obtained  were  led  to  record  the  comparative  yields 
because  of  the  striking  difference  that  was  evident,  whereas  in  instances 
in  which  the  difference  in  yield  was  less  apparent  no  record  had  been 
kept.  For  this  reason  the  data  obtained  are  probably  more  nearly 
representative  of  maximum  than  of  average  increases. 

On  many  of  the  farms  sweetclover  had  been  seeded  on  land  that 
originally  was  highly  productive  but  that  had  been  reduced  to  a 
relatively  low  level  of  productivity  by  long-continued  cropping  with 
com  or  small  grain.  The  increase  m  yields  of  com  or  wheat  following 
sweetclover  on  such  land  was  proportionately  much  greater  than  that 
obtained  on  land  in  a  relatively  high  state  of  productivity. 

No  data  were  obtainable  which  would  indicate  to  what  degree,  if 
any,  yields  of  crops  following  sweetclover  were  decreased  because  of 
the  exhaustion  of  soil  moisture  or  other  conditions  resulting  from  the 
use  of  sweetclover. 

CORN 

Data  were  obtained  from  57  farms  on  which  records  had  been  kept 
with  respect  to  corn  yields  following  sweetclover  as  compared  with 
yields  on  land  on  which  no  sweetclover  had  been  grown  (table  20). 
As  four  of  the  Nebraska  farms  were  irrigated,  data  from  these  farms 
are  tabulated  separately.  From  the  number  of  records  obtainable, 
it  is  evident  that  cropping  systems  in  wliich  corn  follows  sweetclover 
in  the  rotation  are  more  common  in  Nebraska  and  Kansas  than  in 
other  Great  Plains  States.  The  fact  that  the  largest  increase  per  acre 
was  reported  from  the  irrigated  farms  is  indicative  of  the  importance 
of  an  ample  supply  of  moisture  if  best  results  from  the  use  of  sweet- 
clover are  to  be  realized. 

Table  20. — Effect  of  sweetclover  on  corn  yields,  by  States 


' 

Farms  re- 
porting 

Average  yield  of 
corn- 

Increased  yield  per 

state 

After 
sweet- 
clover 

No  sweet- 
clover 

acre  due  to  sweet- 
clover 

South  Dakota                

Number 
3 

25 
4 

21 
4 

Bushels 
55.0 
45.0 
60.8 
46.5 
45.0 

Bushels 
37.0 
27.7 
38.2 
27.0 
32.5 

Bushels 
18.0 
17.3 
22.6 
19.6. 
12.6 

Percent 
48.6 

Nebraska 

62.5 

Nebraska  (irrigated  land)—. 

69.2 

K'f^nsAS 

72.2 

38.6 

Average          .      -  ' 

67 

47.1 

29.0 

lai 

62.4 

The  relatively  high  percentage  of  increase  in  Nebraska  and  Kansas 
was  partly  due  to  exceptionally  favorable  moisture  conditions  in  the 
western  corn-producing  sections  of  these  States  in  1930.  Moreover, 
on  several  of  the  Kansas  farms  a  longer  period  of  cropping  to  corn 
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and  small  grain  had  resulted  in  greater  depletion  of  soil  fertility  before 
sweetclover  was  used. 

It  was  the  consensus  of  opinion  that  corn  following  sweetclover 
matured  better,  contained  a  smaller  percentage  of  soft  corn,  and 
generally  was  of  better  quality  than  were  corn  crops  not  following 
sweetclover. 

WHEAT 

That  yields  of  wheat  are  materially  increased  by  the  use  of  sweet- 
clover in  the  cropping  system  is  indicated  by  data  obtained  from  32 
farms  (table  21).  With  the  exception  of  the  one  farm  in  Wyoming 
all  were  located  in  the  hard  winter  wheat  belt,  a  majority  being  in 
south-central  and  western  Kansas. 

Table  21. — Effect  of  sweetclover  on  wheat  yields y  by  States 


State 


Wyoming. 


Oklahoma. 
Texas 


Average- 


Farms 
reporting 


Number 
1 

25 
5 
1 


Average  yield  of 
wheat- 


After 
sweet- 
clover 


Bushels 
52.0 
26.78 
25.60 
35.00 


27.6 


No 
clover 


Bushels 
35.00 
14.27 
11.60 
20.00 


14.7 


Increased  yield  per 
acre  due  to  sweet- 
clover 


Bushels 
17.00 
12.51 
14.00 
15.00 


12.! 


Percent 
48.6 
87.7 
120.6 
75.0 


87.8 


In  practically  all  instances  the  sweetclover  was  used  for  pasture,  or 
cut  for  hay  or  seed  the  second  year,  or  allowed  to  mature  before  being 
plowed  under.  On  several  of  the  farms  the  sweetclover  had  been 
seeded  on  badly  depleted  land  and  allowed  to  remain  for  3  to  4  years 
before  being  plowed  under.  This  practice  usually  resulted  in  a  greater 
proportionate  increase  in  yield  than  when  the  sweetclover  was  seeded 
on  fairly  productive  land. 

An  outstanding  example  of  the  residual  effect  of  sweetclover  as  a 
means  of  increasing  wheat  yields  is  indicated  in  a  3-year  demonstration 
conducted  by  the  county  agricultural  agent  in  Sumner  County,  Kans., 
(table  22).  Fifteen  farms  were  selected  for  this  demonstration.  On 
these  farms  part  of  the  land  seeded  to  wheat  in  the  fall  of  1927  had 
been  in  sweetclover  for  2  or  more  years,  and  part  had  been  in  wheat 
for  1  or  more  years. 

Table  22. — Residual  effect  of  sweetclover  on  wheat  yields:  3  years  of  continuous 
wheat  following  sweetclover  compared  with  continuous  wheat  with  no  sweetclover, 
Sumner  County,  Kans. 


Farms 
reporting 

Yield  per 
acre,  con- 
tinuous 
wheat 

After  sweetclover 

Year 

Period 

Yield  per 
acre 

per  acre 

1928 

Number 
15 
14 
3 

Bushels 
14.20 
5.58 
11.42 

Years 
1 
2 
3 

Bushels 
22.60 
9.40 
19.24 

Bushels 
8.40 
3.82 
7.82 

59 

1929 

68. 

1930 

68 

Average 

10.17 

3 

16.51 

6.34 

62 
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In  1929  one  farm  dropped  out  of  the  demonstration.     This  was  a 

Eoor  wheat  year.  In  1930,  owing  to  shifts  in  cropping  systems,  all 
ut  three  farms  discontinued  the  demonstration.  Although  the  in- 
creased yield  in  bushels  ranged  from  3.82  to  8.4,  the  percentage  in- 
crease was  more  uniform  and  remained  constant  the  second  and  third 
years. 

OATS 

Planting  oats  immediately  following  a  crop  of  sweetclover  is  not 
as  common  a  practice  as  planting  wheat,  but  where  this  practice  was 
followed  yields  were  increased  in  about  the  same  proportion  as  were 
wheat  yields.  Data  obtained  from  20  farms  show  an  average  increase 
of  28.2  bushels  per  acre  or  97  percent. 

SUGAR  BEETS 

In  irrigated  sections  of  the  Great  Plains  sweetclover  is  used  effec- 
tively as  a  means  of  increasing  yields  of  sugar  beets.  Many  farmers 
are  using  it  regularly  in  their  cropping  systems  and  find  that  one  crop 
of  sweetclover  pastured  through  the  second  year  has  approximately 
the  same  fertilizing  value  as  4  years  of  alfalfa.  When  sweetclover  is 
used  in  a  sugar-beet  rotation,  it  is  usually  pastured  the  second  year 
and  is  seldom  plowed  under  green.  Data  were  obtained  from  17  irri- 
gated farms  on  which  yields  of  sugar  beets  grown  after  sweetclover 
are  compared  with  those  of  beets  grown  after  other  crops  (table  23). 
On  several  farms  on  which  sugar  beets  were  grown  as  the  second  crop 
after  sweetclover,  the  average  gain  in  yield  was  approximately  20  per- 
cent. Even  better  results  were  obtained  at  the  Scotts  Bluff  Experi- 
ment Station,  Mitchell,  Nebr.,  where  a  yield  of  21.2  tons  of  sugar 
beets  was  obtained  following  second-year  sweetclover  that  had  been 
pastured,  as  compared  with  19.3  tons  following  alfalfa,  and  12.1  tons 
in  the  check  field  where  no  sweetclover  had  been  grown  (3) .  In  this 
experiment  the  yield  of  beets  following  sweet  clover  was  75  percent 
greater  than  the  yield  on  the  check  field,  and  nearly  8  percent  more 
than  when  beets  followed  alfalfa. 

Table  23. — Effect  of  sweetclover  on  sugar-beet  yields,  by  States 


Farms 

report- 

mg 

Average  yield  of 
sugar  beets 

Increased  yield  per 

State 

After 
sweet- 
clover 

No 
sweet- 
clover 

acre  due  to  sweet- 
clover 

Wyoming 

Number 
2 
6 
7 
2 

Tons 
22.26 
17.6 
18.9 
21.0 

Tons 
16.25 
12.75 
14.10 
15.00 

Ton* 
6.00 
4.75 
4.80 
6.00 

Percent 
36.9 

37.3 

Colorado    

34  0 

MontHnH                                 r      . 

40  0 

Average.......... ..... ... ..... 

19.05 

13.98 

5.06 

36.2 

POTATOES 


Sweetclover  is  eminently  satisfactory  as  a  fertilizing  crop  for  po- 
tatoes on  both  irrigated  and  nonirrigated  farms.  It  is  used  as  a  green 
manure  or  is  allowed  to  go  through  the  second  year  before  being  plowed 
under.  If  the  latter  practice  is  followed,  the  crop  is  sometimes  used 
for  pasture  and  sometimes  plowed  under  just  before  making  seed  or 
when  it  is  approximately  at  its  maximum  growth. 
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Records  from  24  irrigated  farms  show  that  the  use  of  sweetclover 
increased  yields  of  potatoes  from  55  to  122  bushels  per  acre  (table  24). 
The  Wyoming  and  Nebraska  records  are  all  from  the  North  Platte 
Valley,  where  the  usual  practice  is  to  plow  under  the  second-year  crop 
of  sweetclover  for  green  manure  during  the  latter  part  of  May.  Of 
the  15  Colorado  records,  12  are  from  the  San  Luis  Valley,  where 
sweetclover  usually  is  pastured  through  the  second  year,  or  allowed 
to  reach  approximately  its  maximum  growth  before  being  plowed 
under  (fig.  5).  Two  of  the  eleven  growers  who  qualified  for  Colorado's 
^'600-bushel  Potato  Club"  in  1929  usedonly  sweetclover  for  fertilizer; 
they  produced  yields  of  646  and  631.4  bushels  per  acre  respectively 
(6).     As  a  rule  the  largest  yields  of  potatoes  are  obtained  when  a 
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Figure  5.— In  the  San  Luis  Valley,  Colo.,  yields  of  300  to  600  bushels  of  potatoes  are  obtained  by  plowing 
under  a  heavy  growth  of  sweetclover. 

4-year  or  a  5-year  crop  of  alfalfa  is  plowed  under,  but  growers  generally 
are  agreed  that  potatoes  are  grown  with  less  labor  after  sweetclover 
than  after  alfalfa,  and  that  they  are  smoother,  more  uniform  in  size, 
have  a  smaller  percentage  of  hollow  heart,  and  have  better  keeping 
qualities  than  when  grown  after  alfalfa  or  other  crops. 

Table  24. — Effect  of  sweetclover  on  potato  yields  in  3  States 


Farms 
report- 
ing 

Average  yield  of 
potatoes 

Increased  yield  per 

State 

After 
sweet- 
clover 

No 
sweet- 
clover 

acre  due  to  sweet- 
clover 

Number 
2 
7 
15 

Bushels 
270.00 
267. 80 
341.00 

Bushels 
215.00 
171. 40 
219.00 

Bushels 
55.00 
96.40 
122. 00 

Percent 
25.6 

Nebraska 

56.2 

Colorado 

55.7 

Average 

313.  73 

204.78 

108. 95 

53.2 
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COTTON 

Data  were  obtained  from  six  farms  on  which  cotton  was  grown  after 
sweetclover.  On  these  farms  the  average  yield  of  cotton  following 
sweetclover  was  320  pounds  of  lint  per  acre,  as  compared  with  a  yield 
of  170  pounds  per  acre  in  the  check  fields.  This  is  an  increase  of  150 
pounds  per  acre,  or  a  gain  of  88  percent  resulting  from  the  use  of 
sweetclover.  Since  on  some  farms  the  yield  of  cotton  following  sweet- 
clover was  compared  with  the  yield  obtained  from  a  field  far  more 
productive  than  was  the  sweetclover  field  prior  to  being  seeded  to 
tliis  crop,  the  actual  gain  in  some  instances  may  have  been  greater 
than  indicated  in  the  above  figures. 

On  none  of  the  farms  from  which  data  were  obtained  was  sweet- 
clover grown  in  regular  rotation  with  other  crops.  In  most  instances 
it  was  sown  on  land  that  had  been  badly  depleted  by  continuous 
cropping,  and  was  used  for  pasture,  or  left  unmolested  and  allowed  to 
reseed  for  3  to  4  years.  For  example:  On  one  Oklahoma  farm  a  10- 
acre  tract,  which  produced  but  one  fourth  bale  of  cotton  to  the  acre, 
was  seeded  to  sweetclover,  which  was  allowed  to  reseed  and  occupy 
the  land  for  4  years.  The  land  was  then  planted  to  cotton  and  pro- 
duced a  bale  to  the  acre.  The  sample  obtained  is  too  small  to  permit 
its  use  as  a  basis  of  definite  conclusions,  but  it  serves  to  indicate  the 
possibility  of  economically  increasing  cotton  yields  in  those  sections 
in  which  sweetclover  can  be  grown. 

SWEETCLOVER  IN  GREAT  PLAINS  CROPPING  SYSTEMS 

The  place  that  sweetclover  occupies  in  the  organization  of  Great 
Plains  farms  depends  on  the  type  of  farming  and  on  prevailing  mois- 
ture conditions.  The  crop  is  adaptable  to  a  wide  range  of  soil  and 
climatic  conditions  and  can  be  fitted  into  almost  any  cropping  system 
common  to  those  sections  in  which  a  rotation  of  crops  is  practicable. 
In  the  more  humid  eastern  portion  of  the  area  and  in  the  irrigated 
sections  in  which  a  more  or  less  diversified  system  of  farming  is  fol- 
lowed, it  is  usually  grown  in  regular  rotation  with  other  crops.  In 
sections  in  which  the  rainfall  is  limited  or  uncertain  it  is  more  com- 
monly grown  for  pasture  for  several  years  on  the  same  land,  and  is 
shifted  to  another  part  of  the  farm  only  when  a  satisfactory  stand 
can  no  longer  be  maintained;  or  it  is  grown  once  every  4  to  7  years 
in  rotation  with  small  grain. 

The  relation  of  the  acreage  of  sweetclover  to  the  total  farm  acreage 
and  the  percentage  of  sweetclover  acreage  used  for  different  purposes 
on  401  farms  is  shown  in  table  25.  The  groupings  in  this  table  are 
based  partly  on  crop  production  and  practices,  and  partly  on  rainfall, 
with  allowance  for  evaporation  of  soil  moisture.  For  example:  The 
first  group  includes  the  more  humid  eastern  parts  of  North  Dakota, 
South  Dakota,  Nebraska,  and  Kansas,  areas  in  which,  for  the  most 
part,  com  is  of  outstanding  importance  and  production  practices  are 
more  or  less  similar.  The  Dakota  areas  have  an  average  annual 
precipitation  of  20  to  25  inches,  with  a  relatively  low  rate  of  evapora- 
tion, while  the  Nebraska  and  Kansas  areas  have  an  average  annual 
rainfall  of  25  to  35  inches  but  a  considerably  higher  rate  of  evaporation. 
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Table  25. — Relation  of  acreage  in  sweetclover  to  total  acreage  in  farms,  and  percentage 
of  sweetclover  used  for  pasture,  hay,  seed,  and  soil  improvement  on  401  farms  in 
the  Great  Plains 


Farms  re- 
porting 

Land  in  farms 

Acreage  in  sweetclover 

Area 

Total 

Average 

Total 

Average 
per  farm 

Percent- 
age of 
farm  area 

Eastern  North  Dakota 

Number 
46 
22 
13 
20 

Acres 

29,621 

8,967 

4,823 

5,182 

Acres 
643.9 
407.6 
371.0 
259.1 

Acres 

3,996 

1,063 

703 

803 

Acres 
86.9 
48.3 
54.1 
40.2 

13.5 

Eastern  South  Dakota 

Eastern  Nebraska       - .  _  - 

14  6 

15  5 

Total  or  average     .    ..... 

101 

48,  593 

481.1 

6,565 

65.0 

13  5 

Central  North  Dakota 

18 
6 
17 
15 
34 
15 

14,  655 
4,860 
5,035 
6,650 

14, 017 
5,385 

814.2 
810.0 
296.2 
443.3 
412.3 
359.0 

1,432 
208 
479 

378 
993 

478 

79.6 
34.7 
28.2 
25.2 
29  2 

9  8 

Central  South  Dakota 

4  3 

South  central  Nebraska 

9  5 

North  central  Kansas 

5  7 

7  1 

North  central  Oklahoma 

31  9  1               8  Q 

■ 

105 

50,  602 

481.9 

3,968 

37.8 

7  8 

Western  North  Dakota 

10 
15 
20 
9 
7 
10 
6 
18 
7 
15 
9 
3 

6,610 
11,330 
10,123 
3,420 
3,102 
5,404 
3,960 
9,120 
3,120 
3,328 
3,068 
399 

661.0 
755.3 
506.2 
380.0 
443.1 
540.4 
792.0 
506.7 
445.7 
221.9 
340.9 
133.0 

450 
818 
849 
251 
176 
348 
142 
465 
344 
461 
341 
18 

45.0 
54.5 
42.4 
27.9 
25.0 
34.8 
28.4 
25.8 
49.1 
30.7 
37.9 
6.0 

6  8 

Eastern  Montana          

7  2 

Central  Montana 

8  4 

7  3 

Western  Nebraska               .  . 

5  6 

Northeastern  Colorado.  

6.4 

3  6 

Western  Kansas 

5  1 

11.0 

South  central  and  southwestern  Oklahoma 
North  Texas 

13.9 
11  1 

4.5 

Total  or  average.. 

128 

62,984 

492.1 

4,662 

36.4 

7.4 

Montana irrigated.. 

Wyoming do 

Western  Nebraska do 

Northeastern  Colorado do 

San  Luis  Valley,  Colo ..do 

5 
11 
18 
15 
18 

1,187 
2,902 
4,166 
4,074 
6,861 

237.4 
263.8 
231.4 
271.6 
381.2 

203 
373 
600 
503 
1,414 

40.6 
33.9 
33.3 
33.5 

78.6 

17.1 
12.9 
14.4 
12.3 
20.6 

67 

19, 190 

286.4 

3,093 

46.2 

16.1 

There  is  considerable  variation  between  the  different  sections  in 
each  group  as  regards  the  acreage  of  sweetclover  per  farm,  but  for 
the  most  part  the  percentage  of  the  farm  area  in  this  crop  is  com- 
paratively uniform  within  each  group.  The  fact  that  sweetclover  is 
more  generally  used  in  the  regular  cropping  systems  in  the  more 
humid  eastern  sections  and  in  the  irrigated  sections  is  indicated  in 
the  rather  striking  uniformity  between  these  groups  in  the  percentage 
of  farm  land  in  this  crop.  Also,  there  is  considerable  uniformity 
between  these  two  groups  in  the  percentage  of  the  sweetclover  acreage 
used  for  different  purposes. 

Sweetclover  is  not  well  adapted  for  use  as  a  green  manure  in  the 
Great  Plains  except  on  irrigated  farms  and  in  some  of  the  more  humid 
sections  where  moisture  conditions  are  exceptionally  favorable.  The 
second-year  crop  draws  heavily  on  subsoil  moisture,  and  unless  it  is 
plowed  under  soon  after  it  starts  growth  in  the  spring  the  succeeding 
crop  is  likely  to  suffer  from  lack  of  moisture.  The  plant  contains 
approximately  its  maximum  quantity  of  nitrogen  when  it  is  from  20 
to  24  inches  tall,  but  if  allowed  to  attain  this  height  before  it  is  plowed 
under  it  is  likely  to  have  so  exhausted  the  soil  moisture  that  difficulty 
is  encountered  in  preparing  a  satisfactory  seed  bed  for  the  crop  that 
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Table  25. — Relation  of  acreage  in  aweetclover  to  total  acreage  infarms^  and  percentage 
of  sweetclover  used  for  pasttire,  hay,  seed,  and  soil  improvement  on  4OI  farms  in 
the  Great  Plains — Continued 


Utilization  of  sweetclover  > 

Area 

Pasture 

Hay 

Seed 

Soil  improve- 
ment 

Acres 
40 
22 
37 
14 

Percent 
44.4 
37.9 
67.3 
28.0 

Acres 
33 
11 

Percent 
36.7 
19.0 

Acres 
7 

12 
4 
6 

Percent 

7.8 

20.7 

7.3 

12.0 

Acres 
10 
13 
14 
20 

Percent 
11  1 

Eastern  South  Dakota 

22  4 

Eastern  Nebraska 

25  4 

Eastern  Kansas - 

10 

20.0 

40  0 

Total  or  average - 

113 

44.7 

54 

21.3 

29 

11.5 

57 

22.5 

Central  North  Dakota 

44 
26 
19 
21 
16 
25 

51.2 
50.0 
46.3 
58.3 
43.3 
61.0 

30 
16 
6 

8 

34.9 
28.9 
12.2 
22.2 

2 
6 
6 
7 

10 
14 

2.3 
11.5 
12.2 
19.5 
27.0 
34.1 

10 
6 
12 

11  6 

Central  South  Dakota 

9.6 

South  central  Nebraska 

29  3 

North  central  Kansas 

11 
2 

29.7 

North  central  Oklahoma 

4  9 



151 

51.5 

58 

19.8 

44 

15.0 

40 

13.7 

Western  North  Dakota 

36 
20 
32 
18 
15 
20 
28 
24 
26 

28 

37 

6 

77.8 
36.4 
56.1 
68.1 
46.9 
46.5 
73.7 
77.4 
50.0 

87.6 
74.0 
100.0 

9 
30 
20 

8 
14 
17 

20.0 
54.5 
36.1 
25.8 
43.7 
39.5 

1 
3 

2.2 

2 

I 

6 
10 
6 
9 

3 
2 

3.6 
8.8 
16.1 
9.4 
14.0 
26.3 
19.4 
17.3 

9.4 
4.0 

5.5 

Central  Montana           

Eastern  Wyoming 

Western  Nebraska     

Northeastern  Colorado 

Central  Colorado 

1 
.   1 

3  2 

16 

1 
10 

30.8 

3.1 
20.0 

1  9 

South  central  and  southwestern  Okla- 
homa         - 

North  Texas                    .  . 

1 

2  0 

North  central  Texas 

Total  or  average 

289 

61.2 

125 

26.5 

51 

10.8 

7 

1  5 

Montana.- irrigated.  . 

6 
12 

9 
18 
28 

14.0 
34.3 
20.0 
61.4 
33.3 

35 
6 

20 
2 

24 

81.4 
17.1 
44.4 
5.7 
28.6 

2 
2 

4.6 
6.7 

Wyoming do 

Western  Nebraska do 

16 
16 
8 
23 

42.9 
35  6 

Northeastern  Colorado do 

San  Luis  Valley,  Colo ...do.... 

7 
9 

20.0 
10.7 

22.9 
27.4 

73 

30.2 

87 

36.9 

20 

8.3 

62 

26  6 

•  Totals  of  average  acreage  of  sweetclover  used  for  different  purposes  do  not  check  with  average  acreage 
per  farm  because  in  most  instances  the  acreage  harvested  for  seed  was  also  pastured  or  cut  for  hay. 

is  to  follow.  Moreover,  if  a  large  growth  is  plowed  under  in  dry 
weather  it  may  not  readily  decay  and  is  likely  to  form  a  layer  of  diy 
vegetable  matter  imderneath  the  furrow  slice,  thus  destroying  capil- 
larity and  rendering  the  surface  soil  incapable  of  drawing  on  the 
supply  of  subsoil  moisture. 

CROPPING  SYSTEMS  FOR  CORN  AND  SMALL-GRAIN  FARMS 

In  the  more  important  corn-producing  sections  of  southeastern 
South  Dakota,  eastern  Nebraska,  and  eastern  Kansas,  sweetclover 
has  come  into  general  use  as  a  part  of  the  regular  cropping  system. 
Usually  it  is  seeded  with  small  grain  in  the  spring  and  is  either  used 
as  a  green  manure  or  allowed  to  go  through  the  second  year,  when 
it  is  used  for  pasture  or  harvested  for  seed.  Where  moisture  condi- 
tions are  favorable  a  common  practice  is  to  plow  sweetclover  under  in 
the  spring  of  the  second  year  and  follow  with  corn.  This  practice 
produces  satisfactory  results  if  the  clover  is  plowed  under  by  the 
time  it  reaches  a  height  of  6  to  10  inches.  At  this  stage  the  plants 
have  not  used  up  any  considerable  quantity  of  soil  moisture;  the 
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succulent  top  growth  decays  quickly,  and  little  difficulty  is  encountered 
in  preparing  a  satisfactory  seed  bed.  Probably  a  more  general  prac- 
tice, especially  in  southeastern  Nebraska  and  eastern  Kansas,  is 
to  cut  the  first  year's  crop  for  hay  and  utilize  the  second-year  crop 
for  pasture  or  seed,  and  follow  with  corn  the  next  year.  This  method 
of  handling  the  second-year  crop  is  preferable  to  plowing  it  under 
green,  in  districts  in  which  moisture  conditions  are  likely  to  be 
unfavorable. 

In  this  corn  and  small-grain  section  cropping  systems  in  which 
sweetclover  is  grown  once  every  3  to  6  years  are  not  uncommon. 
The  length  of  the  rotation  period  appears  to  be  governed  by  the 
type  of  farming,  by  the  fertility  of  the  soil,  and  by  the  use  that  is 
made  of  sweetclover.  The  shorter  rotations  are  more  common  in 
South  Dakota  and  Nebraska,  and  on  livestock  and  dairy  farms  on 
which  pasture  and  forage  needs  are  greatest.  All  rotations  are  sub- 
ject to  various  changes  and  modifications  to  suit  special  conditions 
existing  in  a  locality  or  on  an  individual  farm.  The  longer  the  rota- 
tion period  the  greater  the  number  of  possible  crop  combinations. 

THREfi-YEAR    ROTATIONS 

Three-year  cropping  systems  are  confined  largely  to  the  smaller 
farms  on  which  some  phase  of  livestock  production  is  important 
and  on  which  an  abundant  supply  of  forage  and  feed  grain  is  required. 
The  following  system  is  probably  one  of  the  most  common: 

First  year Corn. 

Second  year Small  grain — oats,  barley,  or  wheat — seeded 

to  sweetclover. 
Third  year Sweetclover. 

When  this  system  is  used  in  the  Dakotas  and  in  northeastern 
Nebraska  it  is  the  usual  practice  to  pasture  part  of  the  second-year 
crop  of  sweetclover  and  cut  part  for  hay.  With  proper  management 
two  cuttings  of  hay  can  be  obtained.  Under  favorable  conditions 
the  new  seeding  of  sweetclover  may  be  pastured  Hghtly  for  3  to  4 
weeks  late  in  the  fall.  In  southeastern  Nebraska  and  eastern  Kansas, 
where  the  first-year  growth  of  sweetclover  is  larger,  it  is  a  common 
practice  to  harvest  this  crop  for  hay  and  pasture  the  second-year 
crop.  In  fertile  sections  and  on  farms  on  which  the  pasture  and  hay 
requirements  are  limited,  it  is  the  practice  of  some  farmers  to  plow 
under  the  second-year  growth  early  in  May  and  follow  with  two 
successive  crops  of  corn. 

FOUR-YEAR    ROTATIONS 

A  4-year  rotation  common  to  a  considerable  portion  of  this  area  is 
as  follows: 

First  year Corn. 

Second  year Corn. 

Third  year Small  grain — oats,  barley,  or  wheat — seeded 

to  sweetclover. 
Fourth  year Sweetclover  for  pasture  or  seed. 

Modifications  of  this  cropping  system  are  varied  and  numerous. 
On  some  of  the  more  fertile  farms  3  successive  crops  of  corn  are  grown 
after  a  crop  of  sweetclover  has  been  plowed  under  for  green  manure. 
On  other  farms  a  crop  of  sweetclover  plowed  under  for  green  manure 
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is  followed  by  2  crops  of  corn,  which  in  turn  are  followed  by  2  crops 
6i  small  grain.  On  still  others  a  crop  of  com  following  sweetclover 
pasture  is  followed  by  2  small-grain  crops.  On  one  of  the  better- 
than-average  farms  in  northeastern  Kansas  the  rotation  was: 

First  year Corn. 

Second  year Corn. 

Third  year Oats,  seeded  to  sweet  clover. 

Fourth  year Wheat,  seeded  to  sweetclover. 

In  this  system  the  sweetclover  seeded  in  oats  is  plowed  under  in 
August  and  the  land  sown  to  wheat,  and  the  sweetclover  seeded  in 
the  wheat  is  cut  for  hay  in  the  fall  and  plowed  under  early  the  follow- 
ing spring  for  corn.  Thus  two  crops  of  sweetclover  are  plowed  under 
in  4  years. 

FIVE-YEAR    ROTATIONS 

Five-year  rotations  are  more  common  in  southeastern  Nebraska 
and  eastern  Kansas,  the  one  which  appeared  to  be  in  most  general 
use  being: 

First  year Corn 

Second  year Corn. 

Third  year Small  grain. 

Fourth  year Oats,  seeded  to  sweetclover. 

Fifth  year Sweetclover  for  pasture  and  seed. 

Where  this  system  is  followed  it  is  the  usual  practice  to  cut  the 
first-year  crop  of  sweetclover  late  in  the  fall  for  hay.  The  second- 
year  crop  is  pastured  off,  or  pastured  until  the  last  of  June  or  first  of 
July  and  then  left  to  mature  seed.  The  sweetclover  stubble  is  usually 
plowed  under  in  the  fall. 

Several  variations  of  this  cropping  system  were  noted.  On  some 
farms  in  southeastern  Kansas,  kafir — because  of  its  drought-resistant 
qualities — is  substituted  for  corn  for  the  first  crop  following  sweet- 
clover. On  other  farms  soybeans  are  substituted  for  all  or  a  part  of 
the  second  crop  of  corn.  Another  5-year  rotation  that  has  some  ad- 
vantages is: 

First  year Corn. 

Second  year Corn. 

Third  year Oats,  seeded  to  sweetclover. 

Fourth  year Sweetclover  for  pasture  and  seed. 

Fifth  year Wheat,  seeded  to  sweetclover. 

In  this  system  both  corn  and  wheat  obtain  direct  benefits  from  a 
crop  of  sweetclover — corn  from  a  crop  plowed  under  green  and  wheat 
from  a  crop  that  has  been  pastured  off  or  harvested  for  seed.  Yields 
of  wheat  are  said  to  be  increased  10  to  15  bushels  per  acre  by  this 
system.  Only  a  light  seeding  of  sweetclover  is  necessary  in  the  wheat 
smee  there  is  considerable  volunteering  after  the  seed  crop  is  taken  off. 

SIX-YEAR    ROTATIONS 

In  general,  6-year  rotations  are  similar  to  the  5-year  cropping 
systems  except  for  an  additional  year  with  corn  or  some  other  mter- 
tilled  crop.  One  of  the  most  common  systems  found  in  the  better 
corn-producing  areas  is: 

First  year.. Com. 

Second  year Com. 

Third  year Corn. 

Fourth  year Oats,  seeded  to  sweetclover. 

Fifth  year Sweetclover  for  pasture  and  seed. 

Sixth  year _ Wheat. 
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In  this  system  the  sweetclover  seeded  in  oats  provides  a  hay  crop 
in  the  fall.  A  volunteer  stand  of  sweetclover  usually  comes  up  in 
the  wheat,  and  this  is  plowed  under  early  the  following  spring  for 
corn. 

Another  rotation  which  probably  is  more  suitable  for  less  productive 
soils  or  for  drier  areas  is  as  follows: 

First  year Corn. 

Second  year Soybeans. 

Third  year Small  grain. 

Fourth  year Wheat,  seeded  to  sweetclover. 

Fifth  year Sweetclover  for  pasture  and  seed. 

Sixth  year Kafir. 

This  system  provides  for  two  legume  crops  in  6  years;  soybeans 
preceding  small  gram  and  sweetclover  ahead  of  kafir.  Where  condi- 
tions warrant,  sweetclover  may  be  seeded  in  the  small  grain  and 
plowed  under  in  August  for  wheat,  thus  adding  another  leguminous 
crop  to  the  rotation.  Kafir  follows  sweetclover  pasture  because  it  is 
more  likely  to  succeed  than  is  corn  in  years  when  soil  moisture  is 
depleted  by  the  sweetclover.  A  similar  rotation  is  recommended  for 
southeastern  Kansas  by  the  Kansas  State  Agricultural  College 
Extension  Service  {10). 

CROPPING  SYSTEMS  FOR  SMALL-GRAIN  FARMS 

Regular  cropping  systems  are  less  common  on  small-grain  farms 
than  on  farms  on  which  intertilled  crops  predominate  and  a  more 
diversified  system  of  farming  is  practiced.  Usually  the  crops  are 
*' changed  about"  but  this  is  done  more  as  a  matter  of  convenience 
than  with  any  thought  of  following  a  definite  cropping  system.  How- 
ever, many  small-grain  producers  now  include  sweetclover  as  one  of 
their  regular  crops  and  rely  on  it  to  provide  pasture  and  forage,  to 
assist  in  weed  control,  and  to  maintain  soil  fertility.  This  is  especially 
true  in  the  older  farming  sections  in  which  yields  havedecUned  and 
weed  problems  have  become  more  serious  as  a  result  of  long-continued 
cropping  with  small  grain. 

On  the  larger  farms  the  acreage  of  sweetclover  needed  is  compara- 
tively small,  and  many  farmers  follow  the  practice  of  seeding  their 
least-productive  land  to  this  crop  for  2  or  more  years  and  then  shifting 
the  crop  to  another  part  of  the  farm.  In  some  instances  a  relatively 
short  rotation  which  includes  a  crop  of  sweetclover  is  used  on  part  of 
the  farm,  and  when  the  rotation  period  has  been  completed  the  crop- 
ping system  is  shifted  to  other  fields. 

The  practicabihty  of  using  sweetclover  in  small-grain  cropping 
systems  varies  widely  between  the  northern  and  southern  portions  of 
the  Great  Plains,  and  largely  depends  on  rainfall  and  the  percentage 
of  soil  moisture  lost  by  evaporation.  Cropping  systems  in  which 
sweetclover  is  used  are  in  more  general  use  in  Dakota  and  Montana 
areas  having  an  average  annual  precipitation  of  15  to  20  inches  and 
in  which  loss  of  moisture  by  evaporation  is  relatively  slight,  than  in 
Kansas  and  Oklahoma  sections  which  have  an  average  annual  rainfall 
of  20  to  25  inches  but  where  a  tremendous  amount  of  moisture  is  lost 
by  evaporation.  Because  of  this  difference  between  the  two  sections 
cropping  systems  for  small-grain  farms  for  the  northern  Great  Plains 
and  for  the  southern  Great  Plains  will  be  considered  separately. 
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On  the  Northern  Great  Plains 

Because  of  more  favorable  soil  and  moisture  conditions  a  more 
diversified  system  of  farming  is  followed  in  the  Red  River  Valley  of 
North  Dakota  than  in  other  parts  of  the  northern  Great  Plains.  In 
this  section  the  usual  cropping  systoms  are  those  in  which  sweetclover 
occupies  the  land  every  4  to  6  years,  depending  on  the  diversity  of 
crops  grown  and  the  need  for  pasture  and  forage.  In  those  sections 
in  which  potatoes  are  an  important  crop  one  of  the  usual  rotations  is 
as  follows: 

First  year Potatoes  and  corn. 

Second  year Small  grain — wheat,  flax,  or  feed  grains. 

Third  year Feed  grains,  seeded  to  sweetclover. 

Fourth  year Sweetclover  for  pasture,  hay,  or  seed. 

One  modification  of  this  system  is  to  follow  sweetclover  with  wheat 
and  follow  the  wheat  with  corn  and  potatoes.  Where  a  considerable 
acreage  of  sweetclover  is  grown  it  is  a  common  practice  to  plow  under 
part  of  the  crop  in  June  and  summer-fallow  the  land  the  rest  of  the 
season.  This  is  an  excellent  practice  on  farms  on  which  sow  thistles 
are  troublesome. 

On  the  more  typical  small-grain  farms  in  the  northern  Great  Plains 
it  is  practicable  to  have  a  crop  of  sweetclover  on  the  land  every  4  to  7 
years,  the  frequency  of  its  use  being  largely  determined  by  variations 
m  the  supply  of  moisture.  Definite  cropping  systems  are  the  excep- 
tion rather  than  the  rule,  and  there  is  little  uniformity  in  the  order  in 
which  the  various  small-grain  crops  follow  sweetclover,  although 
probably  wheat  is  used  more  than  any  other  crop.  It  is  impossible 
to  designate  a  typical  cropping  system  for  this  section,  but  one  of 
the  most  common  in  the  Dakotas  and  northeastern  Montana,  where 
the  normal  rainfall  is  between  15  and  20  inches,  is  as  follows: 

FOUR-YEAR  ROTATION 

First  year Wheat,  or  corn  and  wheat. 

Second  year Wheat,  or  wheat  and  flax. 

Third  year Feed  grains,  seeded  to  sweetclover. 

Fourth  year Sweetclover  for  pasture,  hay,  or  seed. 

Practically  all  possible  combinations  of  this  system  are  to  be  found. 
On  farms  on  which  the  need  for  pasture  is  limited  it  is  the  usual 
practice  to  plow  under  the  second-year  crop  of  sweetclover  in  June 
and  summer-fallow  the  land  for  wheat.  Others  cut  the  second-year 
crop  for  hay,  then  plow  immediately  and  summer-fallow. 

Longer  rotations,  with  a  minimum  of  plowing  to  reduce  the  labor 
in  preparing  the  seed  bed  and  to  lessen  the  danger  of  soil  blowing,  are 
the  rule  in  some  sections  of  Montana  in  which  wheat  is  the  principal 
crop.  A  5-year  rotation  followed  by  a  leading  farmer,  which  appears 
to  be  well  adapted  to  central  Montana  conditions,  is  as  follows: 

First  year Summer  fallow. 

Second  year Winter  wheat. 

Third  year Corn. 

Fourth  year Spring  wheat  and  oats,  seeded  to  sweetclover. 

Fifth  year_._ Sweetclover  for  hay  and  pasture. 

In  this  system  the  land  is  plowed  but  once  in  5  years,  that  being 
for  corn  following  winter  wheat.  Following  sweetclover,  the  land  is 
summer-fallowed  vath  duck-foot  cultivators;  and  following  corn,  the 
land  is  disked  in  preparation  for  spring  wheat  and  oats.     Corn  is 
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grown  for  both  fodder  and  grain,  and  the  cultivation  given  this  crop 
is  considered  the  equivalent  of  summer-fallow  in  controlling  weeds. 

In  a  6-year  rotation  in  which  the  land  is  plowed  but  once  the  same 
sequence  of  crop  is  maintained  except  that  oats  are  stubbled  in  after 
winter  wheat.  This  allows  for  a  larger  acreage  of  spring  wheat  and 
more  feed  grains.  A  similar  6-year  rotation  in  which  the  land  is 
plowed  twice  is  suggested  by  the  Montana  experiment  station  (6). 
This  is  as  follows: 

First  year Winter  or  spring  wheat  or  flax  in  which  sweetclover  is 

seeded. 

Second  year Sweetclover,  for  hay  or  pasture  only. 

Third  year Corn. 

Fourth  year Spring  wheat  or  flax. 

Fifth  year Feed  crops,  such  as  oats  cut  for  hay,  stubbled  in. 

Sixth  year Summer  fallow. 

The  land  is  plowed  for  corn  following  sweetclover,  and  for  summer 
fallow  following  the  year  in  feed  crops.  Under  favorable  conditions 
corn  does  exceptionally  well  after  sweetclover,  and  the  cultivation 
given  tends  to  conserve  moisture  for  the  grain  crops  that  follow. 

On  the  Southern  Great  Plains 

Cropping  systems  on  small-grain  farms  in  the  southern  Great  Plains 
States  are  radically  different  from  those  found  in  the  northern  part 
of  the  area.  This  is  largely  owing  to  climatic  conditions  which  call 
for  different  types  of  secondary  crops  and  to  different  production 
practices.  Because  of  moisture  conditions  corn  is  largely  replaced  by 
the  more  drought-resistant  grain  sorghums,  and  sweetclover  usually 
is  seeded  alone  instead  of  with  a  nurse  crop.  Sweetclover  is  used  to 
some  extent  in  cropping  systems  in  central  Kansas  and  north-central 
Oklahoma,  but  in  the  drier  sections  of  eastern  Colorado,  the  western 
third  of  Kansas,  western  Oklahoma,  and  northwestern  Texas  it  rarely 
enters  into  any  definite  cropping  system  and  is  seldom  grown  except 
on  low,  moist  land,  or  land  that  has  been  especially  prepared  for  it. 

In  sections  in  which  moisture  conditions  will  warrant  using  sweet- 
clover in  a  regular  cropping  system,  a  5-  year  or  a  6-year  rotation 
appears  to  be  more  practicable  than  one  of  shorter  duration.  One 
of  the  most  usual  rotations  found  in  the  hard  winter  wheat  section  of 
central  Kansas  and  north-central  Oklahoma  was  as  follows: 

SIX-YEAR    ROTATION 

First  year Sweetclover,  seeded  alone. 

Second  year Sweetclover,  for  pasture  and  seed. 

Third  year Wheat  or  other  small  grain. 

Fourth  year Wheat. 

Fifth  year Grain  sorghum. 

Sixth  year Corn  or  grain  sorghum. 

In  this  system  sweetclover  is  seeded  alone  on  corn  or  grain-sorghum 
land.  It  usually  makes  considerable  growth  the  first  year  and  may 
be  cut  for  hay  in  the  fall.  On  many  farms  in  this  area  sweetclover  is 
replacing  alfalfa  as  a  hay  crop.  The  second-year  crop  of  sweetclover 
is  pastured  or  cut  for  hay  and  the  land  is  plowed  in  midsummer  and 
prepared  for  wheat,  or  plowed  in  the  fall  and  seeded  to  small  grain 
the  following  spring.  Many  variations  of  this  system  were  noted. 
On  some  farms  sweetclover  is  seeded  in  spring  grain,  used  for  pasture 
and  seed  the  second  year,  and  followed  with  oats  the  next  spring. 
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Usually  a  volunteer  stand  of  sweetclover  comes  up  in  the  oats;  this 
is  plowed  under  in  June  and  the  land  is  prepared  for  wheat.  Another 
method  is  to  seed  sweetclover  after  wheat  by  burning  off  the  wheat 
stubble  and  drilling  the  seed  in  without  further  preparation  of  the  land. 
On  some  of  the  straight  grain  farms  sweetclover  is  seeded  in  wheat 
stubble  and  left  for  2  or  more  years.  It  may  be  pastured,  or  harvested 
for  seed,  or  left  unmolested.  The  land  is  then  brought  back  into 
cultivation  and  devoted  to  continuous  wheat  production  for  several 
years. 

CROPPING  SYSTEMS  FOR  IRRIGATED  FARMS 

Definite  crop  rotations  are  followed  more  regularly  in  the  irrigated 
sections  than  m  any  other  part  of  the  Great  Plains,  and  sweetclover 
is  particularly  well  suited  to  most  of  the  cropping  systems  in  vogue 
on  irrigated  farms.  Sweetclover  usually  is  seeded  with  spring  grain 
and  is  either  plowed  under  for  green  manure  or  used  for  pasture  or 
for  hay.  The  place  it  occupies  in  the  cropping  system  largely  depends 
on  the  type  of  farming  and  the  cultural  requirements  of  the  crops 
that  follow  it  in  the  rotation. 

Alfalfa  is  a  crop  of  considerable  importance  on  a  majority  of 
irrigated  farms.  Although  used  in  relatively  short  rotations  on  some 
farms,  it  usually  is  left  for  5  to  7  years,  or  as  long  as  satisfactory 
yields  are  produced,  and  a  regular  cropping  system  which  includes 
sweetclover  is  followed  on  the  rest  of  the  farm.  When  the  alfalfa 
has  to  be  plowed  up  a  new  field  is  seeded,  and  the  crops  are  shifted 
to  include  the  old  alfalfa  field  in  the  regular  cropping  system. 

In  most  irrigated  sections  of  the  Great  Plains  sugar  beets  and 
potatoes  are  the  most  important  money  crops.  On  some  farms  only 
one  of  these  crops  is  grown,  while  on  others  both  crops  are  of  con- 
siderable importance.  As  land  that  is  to  be  planted  to  sugar  beets 
must  be  prepared  early  in  the  spring,  it  is  seldom  practicable  to  have 
beets  foUow  a  green-manuring  crop.  Potatoes,  on  the  other  hand, 
are  planted  much  later  and  respond  exceptionally  well  to  the  use  of 
green-manuring  crops  where  the  latter  can  be  plowed  under  early 
enough  to  permit  of  planting  at  the  required  time. 

In  the  North  Platte  Valley  in  Nebraska,  and  in  irrigated  sections 
of  northeastern  Colorado,  it  is  a  common  practice  to  use  sweetclover 
as  a  green  manure  for  potatoes.  In  Montana,  in  Wyoming,  and  in 
the  San  Luis  VaUey  of  Colorado,  owing  to  the  relatively  short  grow- 
ing season,  sweetclover  is  seldom  used  as  a  green  manure  but  usuallv 
is  pastured  or  cut  for  hay  the  second  year  and  then  followed  witn 
potatoes  or  sugar  beets. 

Cropping  systems  on  Montana  sugar-beet  farms  are  varied,  one  of 
the  most  customary  being  as  follows: 

First  year Small  grain,  seeded  to  sweetclover. 

Second  year Sweetclover  for  pasture  or  hay. 

Third  year Sugar  beets. 

Fourth  year Sugar  beets. 

This  system  is  sometimes  extended  over  5  to  6  years  by  including 
another  crop  of  beets,  or  by  following  sweetclover  with  potatoes  or 
beans  and  then  growing  two  or  more  crops  of  beets  before  reseeding 
to  sweetclover. 


48        TECHNICAL  BULLETIN    380,  U.S.  DEFT.  OF  AGRICULTURE 

More  or  less  similar  cropping  systems  are  followed  in  the  North 
Platte  Valley  of  Wyoming.  In  this  section,  however,  several  farmers 
were  using  3-year  rotations  of  which  the  following  is  a  sample: 

First  year Barley,  seeded  to  sweetclo ver. 

Second  year Sweetclover  for  pasture,  hay,  or  seed. 

Third  year Sugar  beets  and  corn. 

In  some  instances  part  of  the  sweetclover  is  plowed  under  green 
and  followed  with  late  barley  or  corn.  This  is  particularly  likely  to 
be  the  case  when  a  larger  acreage  is  seeded  than  is  needed  for  pasture 
and  hay.  Late  barley  is  said  to  do  especially  weU  following  a  green- 
manuring  crop  of  sweetclover. 

Definite  cropping  systems  appear  to  be  in  more  general  use  in  the 
North  Platte  Valley  in  Nebraska  than  in  the  irrigated  sections  of 
either  Montana  or  Wyoming.  Cropping  systems  vary  widely  in  this 
section,  depending  upon  soil  and  the  relative  importance  of  the  major 
crops.  Sweetclover  usually  is  plowed  under  for  green  manure  if  it  is 
to  be  followed  with  potatoes  or  beans,  or  is  used  for  pasture  if  beets 
are  to  follow.  When  used  for  green  manure  the  crop  is  irrigated 
about  the  middle  of  .May,  unless  there  has  been  ample  rainfall,  and 
is  plowed  under  during  the  last  of  the  month.  Potato  planting  takes 
place  the  first  week  in  June,  and  the  sweetclover  should  be  plowed 
under  at  least  a  week  or  10  days  before  planting  so  that  a  satisfactory 
seed  bed  may  be  prepared.  Where  potatoes  and  beets  are  the  major 
crops  one  of  the  usual  cropping  systems  is: 

First  year Barley,  seeded  to  sweetclover. 

Second  year Potatoes. 

Third  yearJ Sugar  beets. 

Fourth  year Sugar  beets. 

Where  this  system  is  followed  it  is  the  usual  custom  to  irrigate  the 
young  seeding  of  sweetclover  soon  after  the  grain  has  been  removed. 
This  stimulates  a  rapid  growth  of  the  first-year  clover  crop,  which  is 
cut  for  hay  late  in  the  fall.  On  some  farms  beans  instead  of  beets 
are  used  for  the  fourth  year.  When  potatoes  are  not  included,  beans 
are  usually  grown  as  the  first  crop  after  sweetclover;  and  when 
neither  potatoes  nor  beans  are  grown,  the  second-year  crop  of  sweet- 
clover is  used  for  pasture  and  is  followed  with  two  or  more  successive 
crops  of  beets. 

An  extensive  potato  producer  in  the  Scotts  Bluff  locality  has 
adopted  a  5-year  cropping  system  in  wliich  potatoes  and  barley  are 
alternated  as  follows: 

First  year Barley,  seeded  to  sweetclover. 

Second  year Potatoes. 

Third  year Barley,  seeded  to  sweetclover. 

Fourth  year Sweetclover  for  pasture. 

Fifth  year Potatoes. 

Potatoes  are  alternately  grown  after  a  green-manure  crop  of  sweet- 
clover and  after  a  crop  that  is  pastured  through  the  second  year  by 
sheep  and  lambs.  Slightly  better  yields  are  reported  for  the  crop 
following  green  manure. 

A  leading  bean  grower  in  this  locality  uses  the  following  5-year 
rotation: 

First  year Barley,  seeded  to  sweetclover. 

Second  year Beans. 

Third  year Potatoes. 

Fourth  year Beans. 

Fifth  year Beans. 
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Three  crops  of  beans  and  one  of  potatoes  are  grown  after  a  crop  of 
sweetclover  has  been  plowed  under  for  green  manure.  This  man 
reports  an  average  yield  of  40  bushels  per  acre  for  each  of  the  three 
bean  crops.  This  is  more  than  double  the  average  yield  for  the 
county.     Potato  yields  are  said  to  average  300  bushels  per  acre. 

In  general,  cropping  systems  in  the  irrigated  sections  of  north- 
eastern Colorado  are  quite  similar  to  those  in  the  North  Platte  Valley 
of  Nebraska.  In  the  potato  sections  this  crop  usually  follows  sweet- 
clover  that  is  plowed  under  green,  and  beets,  potatoes,  or  corn  follow 
sweet  clover  that  has  been  pastured  the  second  year.  In  some  sec- 
tions canning  peas  are  of  considerable  importance.  The  simplest 
and  probably  tiie  most  common  cropping  system  followed  in  this 
section  is: 

First  year Barley  or  canning  peas,  seeded  to  sweetclover. 

Second  year Potatoes. 

Third  year Sugar  beets. 

Fourth  year Sugar  beets. 

This  system  calls  for  a  crop  of  sweetclover  being  plowed  under  green 
for  potatoes.  Where  potatoes  are  not  grown,  some  farmers  plow 
under  the  first-year  crop  of  sweetclover  in  September  and  plant  the 
land  to  sugar  beets  the  following  spring;  others  plow  under  the  second- 
year  crop  of  sweetclover  as  soon  as  it  starts  growth  in  the  spring  and 
follow  with  beets.  On  some  farms  corn  is  grown  as  the  first  crop 
following  sweetclover  that  has  been  pastured.  For  farms  on  which 
canning  peas  or  field  peas  are  of  sufficient  importance  to  occupy  a 
regular  place  in  the  cropping  system  the  following  rotation  is  recom- 
mended by  the  Colorado  extension  service  (8): 

First  year Corn  or  potatoes. 

Second  year Sugar  beets. 

Third  year Small  grain. 

Fourth  year Canning  peas,  seeded  to  sweetclover. 

Fifth  year Sweetclover  for  pasture. 

In  recommending  this  system  it  is  assumed  that  approximately  one- 
sixth  of  the  crop  land  is  in  alfalfa.  When  this  is  to  be  plowed  up,  a 
new  field  is  seeded  to  alfalfa,  and  the  rotation  is  shifted  so  that  corn 
and  potatoes  follow  the  old  alfalfa.  The  acreage  of  potatoes  or  beets 
can  be  increased  by  reducing  the  acreage  of  corn. 

SWEETCLOVER  IN  THE  SAN  LUIS  VALLEY 

The  San  Luis  Valley  of  Colorado  is  not  in  the  Great  Plains  proper 
but  is  included  in  this  study  because  sweetclover  probably  is  more 
important  and  is  used  more  effectively  in  this  district  than  in  any 
other  district  of  the  State.  A  rather  unique  agriculture  has  been 
developed  in  this  valley.  The  soils  are  naturally  deficient  in  organic 
matter  and  contain  considerable  alkali.  Sweetclover  corrects  both 
these  difficulties  to  a  considerable  degree.  It  has  become  a  common 
practice  to  grow  sweetclover  as  the  first  crop  on  raw  land  before 
planting  to  other  crops,  and  then  use  this  crop  in  the  regular  cropping 
system  thereafter.  The  importance  of  sweetclover  in  this  valley  is 
indicated  by  the  fact  that  on  the  farms  studied  an  average  of  78.6 
acres  per  farm,  or  slightly  more  than  one  fifth  of  the  total  farm  area, 
was  in  sweetclover.  (See  table  25.)  Approximately  one  third  of  the 
acreage  of  sweetclover  was  used  for  pasture,  and  nearly  as  much  was 
harvested  for  hay.     The  feeding  of  beef  cattle  and  lambs  are  impor- 
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tant  enterprises  in  this  district;  hence  the  need  of  abundant  pasture 
and  forage. 

In  general  the  cropping  systems  are  simple  and  comparatively  uni- 
form. Three-year  systems  predominate,  although  on  some  farms 
4-year  and  5-year  rotations  are  followed.  The  most  common  rotation 
practiced  on  the  farms  studied  was  as  follows: 

First  year _ Barley  or  peas,  seeded  to  sweetclover. 

Second  year Sweetclover  for  pasture,  hay,  or  green  manure. 

Third  year Potatoes,  or  potatoes  and  sugar  beets. 

Barley  and  field  peas  are  the  principal  grain  crops.  The  second- 
year  crop  of  sweetclover  is  used  for  pasture  or  hay,  and  the  second 
growth  is  plowed  under,  or  the  first  growth  is  plowed  under  as  a 
green-manure  crop  about  the  time  it  begins  to  bloom,  to  be  followed  by 
potatoes  or  sugar  beets.  On  some  farms  barley  is  followed  by  peas 
with  sweetclover  seeded  in  the  latter  crop,  thus  making  a  4-year 
rotation.  On  other  farms  potatoes  and  then  sugar  beets  follow 
sweetclover. 

Alfalfa  is  an  important  crop  in  this  district  and  usually  is  left  to 
occupy  the  land  for  4  to  6  years.  When  plowed  up,  it  is  followed  by 
potatoes  for  1  or  2  years,  and  then*  the  regular  rotation  is  continued. 

DISADVANTAGES  OF  SWEETCLOVER 

In  spite  of  its  many  desirable  qualities  sweetclover  has  its  disad- 
vantages under  certain  conditions.  The  danger  of  bloat  from  pastur- 
ing sweetclover  and  the  matter  of  sweetclover  poisoning  from  feeding 
damaged  sweetclover  hay  have  been  discussed. 

In  a  few  instances  farmers  reported  some  difficulty  in  getting  cattle 
to  graze  sweetclover  when  turned  on  the  crop  for  the  first  time.  This 
is  not  generally  considered  a  serious  disadvantage,  however,  as  cattle 
usually  overcome  their  first  dislike  for  the  plant  after  a  few  days. 

As  sweetclover  seed  will  remain  viable  for  several  years,  when  a 
crop  has  been  allowed  to  mature  seed  some  volunteering  is  likely  to 
occur  in  succeeding  crops  on  that  land  over  a  period  of  several  years. 
This  may  not  be  particularly  detrimental  in  general  farming,  but  on 
farms  on  which  seed  of  alfalfa,  red  clover,  or  millet  is  produced  for 
market  it  is  highly  objectionable.  This  is  particularly  true  in  sections 
in  which  certified  alfalfa  seed  is  being  produced. 

Sweetclover  plowed  under  late  in  the  fall  of  the  first  year  is  not 
killed  and  usually  volunteers  from  the  crowns  the  following  spring. 
This  is  a  serious  objection  in  many  sections  in  which  farmers  prefer  to 
fall-plow  land  that  is  to  be  occupied  by  corn  or  small  grain  the  follow- 
ing year.  Some  farmers  claim  that  if  the  first-year  crop  is  plowed 
under  about  September  1  no  difficulty  will  be  encountered.  This  claim 
is  substantiated  by  the  Iowa  Agricultural  Experiment  Station,  where 
<<  *  *  *  ^^  ^^g  found  that  plowing  September  1  was  effective  in 
killing  practically  all  of  the  clover  but  at  a  great  sacrifice  in  organic 
matter  and  nitrogen"  (2). 

Objection  is  sometimes  raised  to  sweetclover  volunteering  on  canal 
and  ditch  banks  in  irrigated  sections.  This  is  not  a  serious  matter, 
however,  since  sweetclover  is  merely  replacing  various  weeds  which 
might  become  far  more  serious. 

In  dry-farming  sections  sweetclover  is  sometimes  detrimental  to 
the  next  succeeding  crop  because  of  its  propensity  for  exhausting 
soil  moisture,  but  this  usually  is  more  than  offset  by  later  benefits 
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if  it  is  not  grown  too  frequently  on  the  same  land.  Farmers  in  the 
drier  sections  state  that  for  most  satisfactory  results  sweetclover 
should  not  occupy  the  land  more  frequently  than  once  in  5  to  7  years. 
Wild  hay  is  an  important  crop  on  low,  moist  land  in  many  sections 
of  Nebraska  and  the  Dakotas,  and  volunteer  stands  of  sweetclover 
often  become  a  nuisance  in  the  native  meadows.  The  second-year 
growth  of  sweetclover  matures  by  the  time  the  native  grasses  are 
ready  to  cut,  and  the  rank,  coarse,  woody  clover  stems  are  highly 
objectionable  in  the  native  hay.  Farmers  who  are  confronted  with 
this  difficulty  find  that  mowing  their  meadows  early  for  several  years 
tends  to  eradicate  most  of  the  sweetclover  by  preventing  it  from 
maturing  seed. 

SUMMARY 

Because  of  its  many  uses  and  its  adaptability  to  a  wide  range  of 
soil  and  climatic  conditions,  sweetclover  is  better  suited  for  use  on 
Great  Plains  farms  than  are  any  of  the  true  clovers.  It  is  resistant  to 
extremes  of  both  temperature  and  moisture,  and  will  thrive  on  most 
soils  of  the  area.  It  will  grow  on  land  that  is  to©  wet,  or  too  deficient 
in  fertility,  or  too  alkaline,  to  produce  other  crops  successfully. 

In  the  more  humid  sections  and  in  irrigated  sections  sweetclover 
usually  is  seeded  with  a  nurse  crop  of  oats,  barley,  flax,  or  spring 
wheat  in  the  northern  part  of  the  Great  Plains,  and  with  spring  grain 
or  in  winter  wheat  in  the  southern  sections.  In  the  drier  sections, 
seeding  with  a  light  seeding  of  grain,  or  without  a  nurse  crop  on  clean, 
well-firmed  land  is  more  likely  to  result  in  obtaining  and  holding  a 
stand. 

Seeding  costs  are  relatively  low.  Since  the  seeding  usually  is  done 
with  the  regular  farm  equipment  the  only  "cash  cost'*  is  for  seed, 
and  at  present  low  prices  the  seed  cost  should  not  exceed  50  to  75 
cents  per  acre.  If  the  sweetclover  is  seeded  with  spring  grain  the 
amount  of  man  labor  and  power  used  is  negligible.  Seeding  alone  on 
specially  prepared  land  requires  from  1  to  3.5  hours  of  man  labor 
and  from  4  to  7  hours  of  horse  work  per  acre. 

Sweetclover  is  an  extremely  valuable  pasture  crop  and  during  the 
grazing  season  will  carry  more  livestock  to  the  acre  than  will  any 
other  pasture  plant  common  to  the  area.  It  is  pastured  with  all 
classes  of  livestock,  but  is  more  generally  used  for  cattle  and  sheep. 
It  noticeably  increases  the  flow  of  milk  and  for  this  reason  is  especially 
valuable  for  milk  cows  and  for  ewes  with  lambs. 

Cattle  and  sheep  sometimes  bloat  when  pasturing  on  sweetclover, 
although  the  danger  is  less  with  this  crop  than  with  alfalfa,  red 
clover,  or  alsike  clover.  The  danger  of  bloat  exists,  however,  and 
precautions  should  be  taken  to  guard  against  the  trouble.  Bloating 
IS  more  likely  to  occur  in  the  more  humid  sections  and  in  irrigated 
pastures  where  moisture  conditions  are  favorable  for  producing  a 
rank,  sappy  growth  of  clover. 

Sweetclover  is  an  important  hay  crop  in  many  sections  of  the  Great 
Plains.  In  North  Dakota  about  30  percent  of  the  total  production 
of  tame  hay  is  sweetclover.  In  the  southern  part  of  the  area  it  is 
the  usual  practice  to  use  the  first-year  crop  for  hay;  but  in  the  north- 
ern Plains  States  the  first-year  crop  seldom  attams  sufficient  height 
to  be  cut  for  hay,  and  the  second-year  crop  is  utilized  for  this  purpose. 
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Sweetclover  has  about  the  same  feeding  value  as  alfalfa  when  properly 
handled,  and  in  some  sections  it  is  a  more  dependable  hay  crop. 

A  disease  known  as  ''sweetclover  poisoning"  sometimes  develops 
in  cattle,  particularly  young  animals,  that  are  fed  on  spoiled  or  moldy 
sweetclover  hay  over  an  extended  period.  This  usually  may  be 
avoided  by  alternating  other  roughage  with  sweetclover  hay  over 
periods  of  a  week  or  10  days. 

The  production  of  sweetclover  seed  for  market  has  decreased 
since  1927,  largely  as  a  result  of  a  sharp  decline  in  prices.  North 
Dakota  leads  all  States  in  seed  production  and  normally  produces 
approximately  30  percent  of  the  total  United  States  crop.  South 
Dakota,  Nebraska,  and  Kansas,  in  the  order  named,  rank  next  as 
important  seed-producing  States  of  the  Great  Plains. 

Most  of  the  seed  is  harvested  with  a  grain  binder  and  threshed 
with  an  ordinary  grain  separator  equipped  with  a  special  huller 
attachment.  On  some  farms  a  straight  combine  is  used  for  harvest- 
ing, but  this  implement  is  not  generally  satisfactory  because  of  the 
heavy  loss  of  seed  from  shattering  and  the  large  percentage  of  broken 
stems,  immature  seed,  and  other  green  material  that  is  mixed  with 
the  seed.  Cutting  with  a  windrower  and  threshing  with  ''pick-up" 
and  combine  is  reported  as  a  satisfactory  method  when  such  equip- 
ment is  available. 

Seed  yields  vary  widely  and  range  from  1  to  18  bushels  per  acre, 
the  average  being  between  4  and  5  bushels  per  acre. 

Sweetclover  improves  soil  fertility  by  adding  quantities  of  nitrogen 
and  organic  matter  to  the  soil.  It  also  improves  the  mechanical 
condition  of  heavy  clay  and  gumbo  soils,  making  them  friable  and 
more  easily  tilled.  The  large,  deeply  penetrating  roots  tend  to 
break  up  tight,  impervious  subsoils,  thus  improving  aeration  and 
drainage  and  increasing  the  ability  of  the  soil  to  absorb  and  retain 
moisture. 

When  moisture  conditions  are  favorable,  yields  of  practically  all 
crops  are  increased  by  the  use  of  sweetclover  in  the  cropping  system. 
Records  show  that  the  use  of  sweetclover  increased  corn  yields  from 
38  to  72  percent;  wheat  yields  from  48  to  more  than  100  percent;  and 
oats  yields  about  100  percent.  Cotton  yields  have  been  increased 
from  50  to  150  percent  by  having  the  land  in  sweetclover  from  2  to 
4  years.  In  irrigated  sections  sugar-beet  yields  have  been  increased 
35  to  40  percent,  and  potato  yields  25  to  56  percent,  through  the  use 
of  sweetclover. 

Sweetclover  may  be  fitted  into  almost  any  cropping  system  com- 
mon to  the  Great  Plains,  and  may  be  grown  in  either  long  or  short 
rotations.  In  sections  in  which  a  diversified  system  of  farming  is 
followed,  it  usually  is  grown  in  regular  rotation  with  other  crops  and 
is  used  for  pasture,  hay,  or  soil  improvement.  In  sections  in  which 
the  rainfall  is  limited  or  uncertain,  it  is  more  commonly  grown  for 
pasture  or  for  hay  for  several  years  on  the  same  land,  or  it  is  grown 
once  every  4  to  7  years,  in  rotation  with  small  grain. 
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INTRODUCTION 

This  is  the  fifth  and  final  report  of  a  series  dealing  with  the  irrigation 
requirements  of  crops  in  the  arid  and  semiarid  lands  of  Western  States 
{17,18,21,22)} 

The  term  ''irrigation  requirement  of  arable  land"  is  used  for  the 
quantity  of  irrigation  water  required  for  profitable  crop  production 
under  the  prevailing  climatic  and  physical  conditions.  The  "water 
requirement"  is  the  total  quantity  of  water  required  by  crops  for 
normal  growth  under  field  conditions.  The  water  required  is  disposed 
of  by  transpiration  from  the  plant,  evaporation  from  the  soil,  deep 
percolation,  and  other  unavoidable  losses. 

>  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  44. 
176836-33 1 
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The  water  requirement  is  applicable  to  individual  crops  grown  on: 
relatively  small  tracts  and  includes  soil  moisture  and  rainfall  in  addi- 
tion to  the  irrigation  requirement.  Both  requirements  are  measured 
in  acre-feet  of  water  per  acre. 

It  is  estimated  that  with  proper  storage  of  flood  waters  and  neces- 
sary improvements  in  irrigation  practices  ample  water  will  be  avail- 
able to  satisfy  the  requirements  of  three  times  the  total  area  now 
irrigated  in  all  the  Western  States. 

Much  of  the  investigational  work  on  field  crops  summarized  in 
this  bulletin  was  carried  on  in  cooperation  with  the  Department  of 
Public  Works  of  the  State  of  California  and  the  division  of  irrigation 
investigations  and  practice  of  the  University  of  California.  The 
statistical  data  on  irrigation  of  semi  tropical  fruits  and  nuts  in  southern 
California  were  obtained  mainly  from  studies  conducted  by  the 
agricultural  extension  service  of  the  University  of  California  and 
the  United  States  Department  of  Agriculture,  cooperating. 

THE  PACIFIC  SLOPE  BASINS 

This  report  covers  all  the  territory  in  an  east  and  west  direction 
between  the  crest  of  the  Sierra  Nevada  Range  and  the  Pacific  Ocean, 
and  in  a  north  and  south  direction  all  the  territory  between  the  water- 
sheds of  the  Columbia  and  Colorado  Rivers  (fig.  1).  It  includes  all 
of  California  with  the  exception  of  Modoc,  Lassen,  Inyo,  and  Mono 
counties  occupying  the  high  tablelands  east  of  the  Sierras,  the  eastern 
portion  of  San  Bernardino  County  and  the  deltaic  plains  of  Imperial 
County  in  the  southeast  which  depend  for  a  water  supply  on  the 
Colorado  River.  In  Oregon  it  includes  Klamath,  Jackson,  Josephine, 
Curry,  Douglas  and  Coos  Counties,  located  in  the  southwestern  corner 
of  the  State  bordering  on  California  and  drained  chiefly  by  the 
Umpqua,  Rogue,  and  Klamath  Rivers  and  their  tributaries.  The 
area  of  the  Pacific  slope  covered  in  the  two  States  is  in  round  numbers 
90,000,000  acres  of  which  4,225,000  acres  are  irrigated.  Including 
nonirrigated  tracts,  5,500,000  acres  are  producing  crops.  The  relative 
smallness  of  the  cropped  area  is  due  mainly  to  the  rugged  and  moun- 
tainous character  of  the  land  and  to  a  smaller  extent  to  the  prevailing 
custom  of  summer  fallowing  dry-farmed  lands.  Including  the  summer- 
fallowed  and  other  cultivable  and  occasionally  cropped  lands  over 
8,000,000  acres  are  used  for  the  production  of  crops. 

As  related  to  drainage  and  stream  flow,  the  Great  Valley  of  Cali- 
fornia is  separated  into  three  more  or  less  distinct  parts  known  as  the 
Sacramento,  San  Joaquin,  and  Tulare  Valleys.  About  31  percent  of 
the  total  arable  land  lies  north  of  the  Golden  Gate  and  San  Francisco 
Bay,  and  is  traversed  by  the  Sacramento  River.  The  remaining  69 
percent  lies  south  of  the  Bay  and  is  traversed  by  the  San  Joaquin 
River.  Tulare  Valley  occupies  the  extreme  southern  portion  and  its 
watershed  is  drained  chiefly  by  Kern  River  and  its  tributaries.  Its 
chief  peculiarity  is  that  in  low  or  normal  stream  flow  it  has  no  outlet 
to  the  ocean,  the  run-off  from  its  watershed  being  evaporated  in 
shallow  marshes  and  lakes,  of  which  Tulare  Lake  is  the  largest.  In- 
asmuch, however,  as  high  flood  waters  have  spilled  over  into  the 
San  Joaquin  Basin  to  the  north,  it  is  customary  to  consider  Tulare 
Valley  as  part  of  the  San  Joaquin  Valley,  and  in  this  report  it  is  so 
regarded.     Each  of  the  main  rivers  of  the  interior  plain,  viz,   the 
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Sacramento,  San  Joaquin,  and  Kern,  not  only  drains  the  arable  land 
of  its  respective  basin  but  an  additional  area  of  rugged,  nontillable 
mountain  land,  part  of  which  is  forested. 

The  altitude  of  the  greater  part  of  the  arable  lands  of  the  Pacific 
slope  basins  comprising  the  floor  of  the  great  valley  and  of  the  smaller 
valleys  west  of  the  Coast  Range  and  south  of  Tehachapi  Pass  is  less 
than  500  feet  above  sea  level.  The  elevations  of  the  rim  of  the  great 
valley  range  from  several  hundred  to  several  thousand  feet  above  sea 
level.  The  elevation  of  Rogue  River  Valley,  Oreg.,  is  about  1,500 
feet  and  that  of  the  Klamath  Lake  district,  Oreg.,  about  4,100  feet 
above  sea  level.  As  a  rule,  the  uncultivated  lands  are  high,  ranging 
from  low  brush-covered  or  timbered  hills  to  elevated  tablelands  and 
lofty  mountain  ranges. 

SOILS  OF  THE  PACIFIC  SLOPE  BASINS  » 

The  soils  of  the  Pacific  slope  basins  with  adjacent  hill  and  coastal- 
plain  areas  represent  a  wide  range  in  environmental  conditions  of 
climate,  topography,  parent  materials,  and  stage  of  development. 
These  are  reflected  in  extreme  differences  in  color,  organic-matter 
content,  physical  character  of  soil  profile,  and  degree  of  leaching  or 
accumulation  of  soluble  materials,  some  of  which  have  fertilizing  or 
ameliorating  value,  and  some  of  which  are  detrimental. 

From  the  standpoint  of  geographical  distribution  and  convenience 
they  may  be  designated  as  the  soils  of  the  Oregon  basins,  the  Great 
Valley  of  California,  the  coastal  valleys  of  California,  and  the  coastal 
plain  and  local  inclosed  valley  basins  of  the  extreme  southern  Cali- 
fornia coastal  region.  On  the  basis  of  soil  characteristics  as  reflected 
in  the  soil  profile  they  fall  into  three  principal  major  soil  groups. 
These  are: 

(1)  The  unweathered  alluvial  soils  represented  by  the  Hanford, 
Yolo,  Foster,  and  other  series. 

(2)  The  weathered  soils  developed  on  unconsolidated  materials 
represented  by  the  Redding,  San  Joaquin,  Madera,  Gridley,  Farwell, 
and  other  series. 

(3)  The  weathered  soils  developed  on  consolidated  rocks  repre- 
sented by  the  Aiken,  Sierra,  Holland,  and  other  series. 

The  first  group  consists  of  recent  alluvial  deposits  in  which  the  time 
element  since  deposition  has  not  been  sufficient  to  promote  consistent 
physical  or  chemical  changes  in  the  soil  material.  The}^  are  usually 
deep,  friable,  and  productive,  and  the  subsoils  consist  of  variably 
textured  stratified  sediments.  Some  of  these  are  still  in  process  of 
accumulation,  and  low-lying  areas  are  subject  to  overflow  during 
flood  periods  where  not  protected  by  levees.  In  chemical  and  miner- 
alopical  character  they  are  dominated  by  that  of  the  parent  geological 
materials. 

The  second  group  represents  progressive  stages  in  weathering  of  the 
older  sedimentary  deposits  of  the  valleys.  They  are  characterized  by 
slightly  to  greatly  compacted  subsoils  which  contain  accumulated  clay 
and  colloidal  materials  and  chemical  compounds  formed  by  leaching 
of  the  surface  soils  and  downward  migration  of  the  finer  physical 
particles,  and  in  the  more  advanced  stages  of  development  by  iron 

« The  material  In  this  section  was  prepared  by  Macy  H.  Lapham,  senior  soil  snlpntist,  Rurrtan  of  rhemis. 
try  and  Soils.  U.S.  Department  of  Agriculture. 
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and  silica  or  lime-cemented  hardpans.  They  occupy  stream  and 
coastal  terraces  and  the  more  elevated  valley  plains  now  entrenched 
by  streams  and  undergoing  erosion.  They  are  approaching  or  have 
acquired  a  condition  of  stability  in  which  they  have  become  adjusted 
to  environmental  conditions  of  climate  and  native  vegetation  and  in 
which  the  character  of  parent  geological  materials  becomes  less 
evident  and  less  dominant  with  advance  of  maturity. 

The  third  group  has  been  developed  on  the  sandstone,  shale, 
granitic,  and  volcanic  bedrocks.  They  occupy  hilly  and  mountainous 
areas  which  are  susceptible  of  irrigation  only  in  sections  of  more 
favorable  topography  and  water  supply.  In  stage  of  development 
and  character  of  subsoils  they  represent  only  moderately  mature 
conditions  since  removal  of  weathered  soil  materials  by  erosion  tends 
to  keep  pace  with  the  processes  of  weathering  and  soil  development. 

The  next  characteristic  soils  of  the  Oregon  basins  are  those  of  the 
Rogue  River  Valley,  occupying  a  valley  trough  in  the  Klamath 
Mountains  west  of  the  Cascade  Range,  and  the  soils  of  the  Klamath 
Basin  east  of  the  Cascades.  The  soils  of  the  Rogue  River  Valley 
Basin  are  developed  mainly  by  weathering  in  place  of  old  alluvial 
deposits  having  their  source  predominantly  in  basaltic  and  similar 
igneous  rocks  with  admixture  of  materials  derived  from  shales,  sand- 
stones, and  granitic  rocks,  and  are  of  brown  to  black  color.  In  texture 
they  range  mainly  from  loam  to  heavy  clay  loam  or  clay.  The 
heavier  textured  types  have  pronounced  adobe  structure  under  which 
the  soils  contain  a  high  content  of  colloidal  clay,  are  highly  absorptive 
of  moisture,  and  plastic,  and  when  dry  check  and  crack  into  blocks, 
irregular  clods,  and  granules.  The  soils  of  the  valley  slopes  are 
usually  well  drained  and  productive  where  not  too  shallow  but  areas 
occur  in  which  bedrock  has  been  only  thinly  mantled  with  soil  ma- 
terial. The  flatter  valley  areas  are  underlain  by  compacted  and 
moderately  heavy  to  heavy  textured  subsoils  which  frequently  contain 
accumulations  of  lime.  They  are  productive  under  irrigation  except 
for  areas  in  which  impervious  cemented  hardpan  has  been  formed  and 
in  which  orchard  plantings  have  proved  unsuccessful. 

The  Klamath  Basin  soils  occur  under  less  favorable  climatic  and 
drainage  conditions,  are  derived  in  part  from  siliceous  lake-basin 
and  volcanic  materials,  and  include  areas  of  organic  peat  deposits 
and  highly  colloidal  lake-basin  accumulations. 

The  soils  of  the  great  interior  valley  trough  or  basin  of  California 
embracing  the  Sacramento  and  the  San  Joaquin  Valleys  are  pre- 
dominantly weathered  from  several  series  of  old  sedimentary  deposits 
having  their  sources  in  a  wide  range  of  rocks.  The  more  maturely 
developed  of  these  are  of  brown  to  red  color  and  are  underlain  by 
cemented  hardpan  layers  or  by  compacted  and  relatively  impervious 
substrata.  The  so-called  red  hardpan  lands  are  represented  by  the 
soils  of  the  Redding  and  the  San  Joaquin  series,  the  latter  occurring 
at  intervals  on  the  east  side  of  the  valley  from  the  northern  extremity 
to  the  southern  San  Joaquin  portion.  They  are  of  secondary  im- 
portance from  the  standpoint  of  irrigated  agriculture  and  are  utilized 
mainly  for  dry-farming  and  pasture.  The  brown  soils  having  com- 
pacted and  irregularly  or  intermittently  developed  hardpan  are  better 
adapted  to  irrigation  and  are  more  productive.  They  are  typically 
represented  by  the  Gridley,  Farwell,  and  Madera  series  of  soils,  with 
which  are  associated  areas  of  soils  of  heavy  texture  represented  by  the 
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Stockton  and  related  series  of  soils.  This  group  of  soils  has  been 
developed  under  an  environment  of  less  well  developed  drainage. 
The  Farwell,  Madera,  and  Stockton  soils  have  subsoils  characterized 
by  seams,  lenses,  and  mottlings  of  lime  accumulation  which  in  the 
Stockton  soil  may  form  cemented  lenses  or  plates.  In  the  central  and 
southern  parts  of  the  interior  valley,  as  the  rainfall  decreases  the  soils 
are  less  thoroughly  leached,  and  accumulated  lime  carbonate  becomes 
a  dominant  characteristic  of  the  soil  profile,  the  soils  finally  giving 
way  to  the  lighter-colored  grayish  and  highly  calcareous  soils  of  the 
Fresno,  Pond,  Delano,  and  associated  soils  of  the  southern  San  Joaquin 
Valley. 

The  flatter  areas  of  the  San  Joaquin  delta  region  and  of  the  valley 
floor  and  overflow  basins  are  occupied  by  extensive  areas  of  peat  and 
dark-colored  peaty  loams  and  by  heavy-textured  soils  of  the  Sacra- 
mento, Merced,  and  Tulare  series  which  have  been  developed  on 
sediments  deposited  in  sluggish  water  or  inclosed  lake  or  overflow 
basins.  With  the  exception  of  the  peat  they  are  calcareous  or  have 
calcareous  subsoils. 

The  areas  of  the  older  or  more  maturely  developed  soils  are  inter- 
rupted at  intervals  by  narrow  to  broad  deltalike  deposits  of  unweath- 
ered  recent  alluvial  materials  occupying  flood  plains  and  alluvial 
fans  built  up  by  the  streams  tributary  to  the  valley.  The  larger  of 
these  have  their  sources  in  the  Sierra  Nevada  and  enter  the  valley 
from  the  east  where  the  built-up  areas  of  higher  alluvial  soils  are  most 
extensive  and  have  pushed  the  valley  trough  west  of  its  normal 
geographical  center.  The  soils  deposited  by  the  larger  of  these 
streams  heading  back  in  the  granitic  core  of  the  Sierras  are  deep, 
friable,  and  preaominantly  brow^n  in  color.  They  are  represented  by 
the  Hanford  series  with  which  are  associated  darker,  dull  grayish 
brown  soils  of  the  Foster  series  occupying  the  flatter  less  well-drained 
areas. 

The  recent  alluvial  soils  of  the  west  side  of  the  valley  are  derived 
mainly  from  shales  and  sandstones.  Those  of  the  central  and  northern 
parts  of  the  valley  are  mainly  brown  soils  of  the  Yolo  series;  those  of 
the  southern  part  occur  under  arid  conditions  and  are  predominantly 
the  grayer  calcareous  soils  of  the  Panoche  and  related  series.  The 
Yolo  and  Hanford  soils,  with  the  Columbia  soils  occupying  the  imme- 
diate flood  plaiQ  of  the  Sacramento  River,  comprise  the  most  wide- 
spread and  important  alluvial  soils  of  the  State.  The  Yolo  soils 
average  somewhat  heavier  in  texture  than  the  other  series. 

The  soils  of  the  marginal  foothills  on  the  east  side  of  the  valley 
consist  mainly  of  the  red  Aiken  soils  weathered  lq  place  on  basaltic 
and  andesitic  rocks,  and  of  the  pale-red  to  brownish-red  Sierra  soils 
and  the  brown  soils  of  the  Holland  series  developed  on  granitic  rocks. 
The  Aiken  soils  are  of  medium  to  heavy  texture  but  granular  and 
friable.  The  Sierra  and  the  Holland  soils  are  of  sandy  loam  to  loam 
texture,  of  lower  water  holding  capacity  and  somewhat  earlier  in 
plant  production. 

The  soils  of  the  coastal  valleys  are  predominantly  medium  to  heavy 
in  texture.  The  unweathered  soils  of  the  northern  valleys  are  repre- 
sented mainly  by  the  brown  Yolo  soils  and  the  darker-colored  Dublin 
soils.  Associated  with  these  are  older  soils  developed  by  weathering 
of  similar  materials.  With  decrease  in  rainfall  southward,  leaching 
of  the  soil  materials  is  diminished,  the  subsoils,  and  in  some  cases  the 
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surface  soils  as  well,  contain  accumulated  or  unleached  lime,  the  or- 
ganic matter  content  is  diminished,  and  the  soils  tend  to  become 
lighter  in  color.  In  the  immediate  proximity  to  the  coast,  however, 
under  influence  of  cool  uniform  temperature  and  frequent  fogs, 
evaporation  of  moisture  and  decomposition  of  organic  matter  are 
retarded  and  the  soils  are  darker  in  color  and  sometimes  acid  in  re- 
action. 

The  main  valley  basin  of  southern  California  embracing  the  San 
Fernando-San  Gabriel-San  Bernardino  Valleys  and  contiguous  valley 
areas  are  occupied  mainly  by  the  recent  soils  of  the  Hanford  series 
and  by  older  soils  developed  by  weathering  of  similar  materials. 
These  range  from  the  brown,  partly  weathered  soils  of  the  Greenfield 
and  the  Ramona  series  to  the  more  maturely  weathered  red  soils  of 
the  Placentia  series. 

The  coastal  areas  and  local  valley  basins  occuring  at  intervals 
southward  to  the  international  boundary  of  Mexico  are  occupied  by  a 
large  number  of  soils,  frequently  covering  small  individual  areas  and 
occurring  in  complex  associations.  The  soils  adjacent  to  the  coast 
are  mainly  developed  on  uplifted  old  marine  deposits,  and  are  pre- 
dominantly underlain  by  tough,  waxy  impervious  subsoils  or  cemented 
hardpan  and  substrata.  The  friable  surface  soils  are  usually  shallow 
and  large  areas  are  unfavorable  to  irrigated  agriculture.  Local  areas, 
however,  of  more  favorable  character  or  with  unusually  favorable 
environment  as  regards  temperature,  frost,  and  v/ater  supply,  have 
become  intensively  developed  and  of  high  value.  Soil  conditions  in 
the  river  valleys  and  structural  valley  basins  find  their  counterpart  in 
the  interior  and  coastal  valleys  in  the  more  northern  and  central 
parts  of  the  State. 

For  further  information  regarding  soils  of  the  areas  discussed  in  this 
report  the  reader  is  referred  to  the  various  reports  on  soil  surveys  in 
California  and  Oregon  by  the  Bureau  of  Chemistry  and  Soils. 

CLIMATIC  CONDITIONS 

The  climate  of  the  Pacific  slope  is  divided  into  two  distinct  periods — 
wet  and  dry — the  former  occurring  during  the  short,  cool  months  in 
the  fall  and  early  spring,  when  plant  life  is  dormant,  and  the  latter 
during  the  warmer  months.  The  seasonal  precipitation  varies  greatly, 
increasing  from  2  or  3  inches  in  the  southern  desert  areas  to  seasonal 
totals  of  100  inches  or  more  along  California's  northwestern  coast. 
Rainfall  is  deficient  throughout  the  fertile  interior  valleys  and  along 
the  slope  of  the  coastal  plains,  the  greater  part  of  the  area  receiving 
less  than  20  inches  annually,  with  one  third  of  the  area  receiving  less 
than  10  inches.  This  small  precipitation,  coupled  with  the  time  of 
year  in  which  it  occurs,  is  incapable  of  providing  sufficient  moisture 
to  insure  profitable  cropping.  Agriculture  on  the  Pacific  slope  must, 
therefore,  depend  upon  irrigation  for  crop  production. 

Other  important  factors  are  temperatures  and  frost-free  periods. 
Data  pertaining  to  these  three  elements  of  climate  have  been  compiled 
from  the  records  of  the  Weather  Bureau  {30)  for  12  typical  localities 
and  are  summarized  graphically  in  figures  2  and  3. 

Summer  temperatures  in  the  interior  valleys  are  higher  than  those 
found  nearer  the  ocean  as  the  thousand-mile  coast  line  of  California 
modifies  the  coastal  climate  to  an  equable  temperature  freer  from  the 
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•extremes  of  heat  found  farther  inland.    Use  of  water  by  plants,  dis- 
posed of  by  transpiration,  is  affected  by  numerous  factors  of  which 


1 

^1 

il 

Itll 

«ii 

1 

Feb. 
Man 

% 

^ 

1 

>> 

■? 

§ 

^ 

1 

^ 

^ 

GRANTS  PASS,  OREGON  ele  vase  ft 


Average  frost- free  period 
I     I     I     I     I     I     I     I     I     I 


Precipitation 


ORLAND,  CALIF,  elev  254  ft 

Average  frost- free  period 

1 

1       1       1 1 !■      1       1        i 

,                       Precipitation                      | 

1   ■ 

^ 

•^ 

,    1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1    D 

Temperature                  | 

ol  R 

1; 

_ 

1 

p 

1 

1 

%~ 

1 

1 

k* 


SACRAMENTO,  CALIF. 


Average 


FROST 


FREE  PERIOD 

I    I    I    I 


Precipitation 


Temperature 


3   <o 


SANTA  ROSA,  CALIF  elev  isi  ft 

Av 

1     1 

ERAGE   frost -FREE   PERIOD          | 

T      1       1 

Precipitation                    | 

1 

1 

1 

1   1 

1 

± 

n 

1  1 

1 

■ 

1 

1 

Temperature                   | 

f 

f 

IQ 

Kl                f 

1 

1 

1 

ii 

>o- 

oi 

1 

RED  BLUFF,  CALIF  ELEV  307FT 

An 

1 

/ERAGE    FROST -FREE   PERIOD 

Precipitation                    J 

1 

1 

1 

-1-   - 

1 

1 

1 

1 

n 

_L 

1 

1 

1 

■ 

1 

T     _ 

Temperature                  | 

_ 





n 

-__ 



- 





w 

— - 

50- 

J- 

i 

1 

3" 

ll 

i 

ol 

-i 

SAN  JOSE,  CALIF  elev  95  ft 

Average  frost -free  period  . 

Precipitation 

4" 

3 

TI  - 

' 

1 

1 

1 

n 

1 

1 

■ 

1 

X 

Temperature                   | 

Q 

f. 

[ 

)0- 

Iti 

i^] 

1 

1 

ll 

«o 
soul 

Q: 
o 

0  Q 

Figure  2.— Condensed  climatology  of  typical  stations  in  OreKon  and  California,  showing  average  frost- 
free  period,  mean  monthly  precipitation,  mean  maximum  temperatures  (single-lined  bars),  mean  mini- 
mum temperatures  (double-lined  bars)  and  mean  temperatures  (solid  bars). 

temperature  is  one  of  the  most  important.   Crops  grown  in  the  coastal 
areas  require  less  water  than  those  grown  in  the  interior. 
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The  frost-free  period  in  the  agricultural  districts  is  generally  long- 
in  comparison  with  those  of  other  Western  States.  Snowfall  is- 
abundant  in  the  mountain  districts,  providing  storage  for  summer 
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Figure  3 —Condensed  climatology  of  typical  stations  in  California,  showing  average  frost-free  period, 
mean  monthly  precipitation,  mean  maximum  temperatures  (single-lined  bars),  mean  minimum  tem- 
peratures (double-lined  bars),  and  mean  temperatures  (solid  bars). 

stream  flow,  but  is  of  rare  occurrence  in  California's  valleys.  Evapo- 
ration in  summer  is  higher  in  the  interior  than  along  the  coast  and 
because  of  the  long  period  of  warm  weather  the  total  loss  of  moisture 
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by  this  means  is  considerable.  Farming  communities  are  learning 
from  year  to  year  to  adapt  more  skillfully  and  scientifically  the  crops 
grown  and  the  type  of  farming  followed  to  the  climatic  conditions. 

RIVER  BASINS  AND  WATER  RESOURCES 

The  water  supply  of  the  territory  considered  is  by  far  its  most 
valuable  natural  asset,  and  its  wise  administration  and  economical  use 
impose  upon  communities  their  greatest  public  responsibility.  Other 
natural  resources,  such  as  grasses,  forests,  minerals,  and  soils,  may 
be  conserved  for  future  generations,  but  water  to  be  of  value  must  be 
used  from  day  to  day  as  it  is  available.  The  nearest  approach  to 
conservation  of  water  is  where  it  is  impounded  in  reservoirs  for  short 
periods,  spread  over  the  surface  of  land  to  replenish  underground 
basins,  or  temporarily  withheld  by  soil  coverings. 

Perhaps  the  greatest  difficulty  to  be  overcome  in  dealing  with 
water  supplies  for  irrigation  results  from  the  fact  that  the  precipita- 
tion and  stream  flow  are  not  distributed  proportionately  with  de- 
mands. Large  areas  of  fertile  arable  land  have  little  available  water, 
while  abundant  water  supplies  exist  in  localities  possessing  limited 
areas  of  arable  land.  How  to  transfer  the  excess  waters  of  one  basin 
to  supplement  the  deficiency  in  some  other  more  distant  basin  is  one 
of  the  greatest  problems  confronting  the  residents  of  the  Pacific  slope. 

The  100  or  more  river  basins  in  this  report  may  be  grouped  into 
five  major  basins.  These  are:  (1)  the  Rogue,  Klamath,  Umpqua 
and  adjacent  river  basins  in  southwest  Oregon  and  northwest  CaH- 
fornia  hereinafter  called  the  northern  group  of  basins,  (2)  the  Sacra- 
mento Basin,  (3)  the  San  Joaquin  Basin,  (4)  the  San  Francisco  Basin 
and  (5)  the  south  Pacific  Basins. 

Table  1  gives  the  maximum,  minimum,  and  mean  discharges  of  the 
principal  streams  in  the  various  basins  for  periods  ranging  from  1 1  to 
34  years.     Figure  4  shows  the  mean  monthly  flow  of  typical  streams. 


Table  1. — Discharge  of  typical  streams  of  the  Pacific  slope  » 

River 

station 

Years  of 
record 

Water- 
shed area 

Annual  discharge 

Maximum 

Minimum 

Mean 

American 

Fairoaks,  Calif 

Numher 
24 
22 
18 
28 
14 
26 
27 
34 
14 
25 

27 
18 
11 
16 
19 
15 
27 
19 
25 
21 

Square 
mileg 
1,910 
395 

Acre-feet 
5,  710, 000 

675,000 
8,590,000 
9, 340, 000 

132,000 
1,090,000 
2,  460, 000 
3,860,000 

608,000 
1,670,000 
4,670,000 
15, 400, 000 

410,000 
4.780,000 

305,000 
1,580,000 
2,150,000 

936,000 
4,460,000 
1,970,000 
3,030,000 
8,770,000 

Acre-feet 

530,000 

31,300 

814,000 

1, 190, 000 

13,200 

102,000 

191,000 

392,000 

157,000 

182,000 

1,860,000 

2, 970, 000 

23,700 

198,000 

66,000 

250,000 

260,000 

374,000 

443,000 

648,000 

1,100,000 

2,870,000 

Acre-feet 
2, 710, 000 
203,000 

Calaveras 

Jenny  Lind,  Calif 

Eel 

Scotia.  Calif 

4,280,000 

4,630,000 

59,700 

400,000 

743,000 

1,710,000 

404,000 

770,000 

Feather 

Oroville,  Calif 

3,640 

132 

520 

2,345 

1,700 

Fresno 

Knowles,  Calif 

Kaweah 

Three  Rivers,  Calif 

Bakersfleld.  Calif 

Kern 

Kings 

Piedra,  Calif 

Merced 

Pohono  Bridge,  Calif 

Clements,  Calif 

Mokelumne 

631 
5,260 
9,300 

214 

Pit 

Ydalpom.  Calif 

3,030,000 
8  200.000 

Sacramento 

Red  Blufl,  Calif. 

San  Gabriel 

Azusa,  Calif- 

134,000 

San  Joaquin 

Newman,  Calif 

1,720,000 

Santa  Ana 

Prado,  Calif-  .    .. 

125,000 

Stanislaus 

Trinity 

Knights  Ferry,  CaUf 

LewLston,  Calif 

972 
724 

965,000 

1,090,000 

665,000 

Tuolumne 

Hetch  Hetchy,  Calif 

Smartville,  Calif 

Spencer  Bridge,  Oreg 

Raygold,  Oreg 

Yuba 

1,220 
4,000 
2,020 
3,680 

2.300,000 
1  230  000 

Klamath 

Rog^ue 

2,040,000 
5,180.000 

Umpqua 

Elkton,  Oreg 

«  From  Qeologicsl  Survey,  U.S.  Department  of  the  Interior. 
176836—33 2 
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NORTHERN  GROUP  OF  BASINS 

The  northern  group  of  basins  includes  an  area  of  approximately 
20,000,000  acres  drained  by  the  Umpqua,  Klamath,  Rogue,  Eel,  and 
Russian  Rivers  and  other  smaller  streams.  This  vast  area  is,  for 
the  most  part,  rough  and  mountainous,  densely  covered  with  mag- 
nificent conifers  where  the  precipitation  is  ample,  and  having  a  more 
scattered  stand  where  the  precipitation  is  deficient  or  other  unfavor- 
able conditions  prevail.  The  comparatively  small  area  of  tillable' 
land — totaling  about  1,000,000  acres — is  confined  chiefly  to  deltas, 
lake  bottoms,  and  narrow  valleys  bordering  streams.  The  water 
supply  is  abundant  but,  save  for  the  generation  of  power  for  which 
there  are  many  excellent  opportunities,  only  a  small  part  can  be  used 

for  agricultural  purposes,  and,  with 
the  exception  of  a  part  of  the  flow 
of  Trinity  River,  there  is  no  feasible 
means  of  conveying  a  part  of  the 
excess  waters  to  other  basins  having 
larger  areas  of  arable  land.  The 
precipitation  ranges  from  13  inches 
per  annum  at  Klamath  Falls,  Oreg., 
to  over  100  inches  at  the  headwaters 
of  some  of  the  streams,  and  probably 
averages  about  35  inches.  Except 
on  the  mountain  peaks  and  other 
high  regions,  precipitation  is  in  the 
form  of  rain  rather  than  snow,  and 
there  is  little  rain  in  summer.  The 
heavy  winter  rainstorms  produce 
the  floods. 

The  mean  annual  run-off  from  tliis 
group  of  basins  is,  in  round  numbers^ 
40,000,000  acre-feet.  In  general, 
Klamath  River  and  its  tributaries, 
including  Trinity  River,  supply  25 
percent  of  the  total,  Eel  River 
furnishes  15,  Umpqua  River  13, 
Smith  River  9,  Rogue  River  5,  and 
Russian  River  4.  On  account  of 
the  relative  smallness  of  the  contributing  areas,  the  melting  of  snow 
at  the  higher  elevations  causes  little  increase  in  run-off. 

SACRAMENTO  BASIN 

The  Sacramento  Basin  has  a  much  larger  area  of  fertile  tillable- 
land  then  the  northern  basins,  a  more  favorable  climate  for  the  pro- 
duction of  crops,  and  better  transportation  facilities.  The  gross 
agricultural  area  comprises  6,435,000  acres  of  valley  floor,  foothill 
area,  mountain  valley,  and  the  Sacramento-San  Joaquin  delta,  of" 
which  4,266,000  acres  are  classed  as  irrigable  (11). 

The  non tillable  portion  of  the  basin  occupies  the  mountain  slopes 
and  extends  to  the  crest  of  the  Sierras  on  the  east  and  to  the  crest  of 
the  Coast  Range  on  the  west.  Its  chief  agricultural  value  lies  in  its. 
timber,  pasturage,  and  water-catchment  areas.  The  precipitation  is 
variable  in  both  form  and  amount.     On  the  floor  of  the  Secramento 
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Figure  4.— Mean  monthly  flow  of  typical  streams 
in  the  Pacific  slope  basins. 
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Valley  and  around  its  rim  it  occurs  as  rain  during  the  late  fall,  winter, 
and  ejirly  spring  months.  Little  rain  falls  during  the  crop-growing 
season  from  April  1  to  October  1.  On  the  liigher  elevations  the  pre- 
cipitation occurs  during  the  winter  months,  chiefly  as  snow.  Valley 
lands  receive  an  average  of  about  20  inches  of  rainfall  per  annum  and 
mountain  lands  from  30  to  88  inches  of  precipitation  in  the  form  of 
rain  and  snow.  The  estimated  mean  annual  run-off  from  the  basin  (P) 
is  25,199,500  acre-feet  of  which  Feather  River  furnished  21  percent, 
Pit  River  17,  American  River  13,  Yuba  River  ll,.McCloud  River  6 
and  Cottonwood  Creek  4,  the  remaining  28  percent  being  furnished 
bj'  smaller  tributaries  of  the  Sacramento  River.  A  characteristic  of 
the  flow  of  the  Sacramento  River  and  of  each  of  its  main  tributaries  is 
that  liio-h  water  occurs  early  in  the  year,  the  months  of  greatest  dis* 
chanre  being  February,  March,  April,  and  May. 

SAN  JOAQUIN  BASIN 

The  San  Joaquin  Basin  has  more  land  than  the  Sacramento  Basin, 
while  the  water  supply  is  less  tluni  half  as  much.  The  extent  of 
arable  land  is  8,219,000  acres,  of  which  5,704,000  acres  are  irri^rable. 
The  mean  nm-off  over  a  40-year  period  is  11,980,000  acre-feet  (9), 
The  precipitation  also  is  much  less.  The  valley  and  low  foothill  areas 
have  an  average  rainfall  of  about  10  inches  per  annum.  The  re- 
mainder is  mountain  land  with  lai^er  average  precipitations  at  the 
higher  elevations.  The  run-off  from  the  San  Joaquin  Basin  comes 
mainly  from  the  high  Sierras  between  Calaveras  County  on  the  north 
and  Kern  County  on  the  south.  San  Joaquin  and  Tuolumne  Rivers 
each  furnish  17  percent  of  the  total  run-ofl'.  Kings  River  16,  Merced 
River  9,  Mokelumne  River  7,  and  Kern  River  6;  the  remaining  28 
percent  of  the  total  run-off  being  furnished  b}^  the  smaller  tribu- 
taries of  San  Joaquin  River. 

SAN  FRANaSCO  BASIN 

The  San  Francisco  Basin  is  the  smallest  of  the  basin  groups.  It 
comprises  1,420,000  acres  and  is  drained  by  a  number  of  small  streams, 
which  enipty  into  San  Francisco  Bay.  The  average  annual  precipita- 
tion, which  occurs  in  winter  in  the  form  of  rain,  is  23  inches  near  sea 
level,  and  somewhat  greater  on  the  Iiigher  areas  of  the  Coast  Range. 
The  mean  annual  run-off  from  the  basin  is  825,300  acre-feet,  the 
greater  part  of  wliich  occurs  during  the  months  of  January,  February, 
and  March,  following  the  winter  rains.  The  larger  streams  of  the 
basin,  from  larger  to  smaller  in  the  order  named,  are  Alameda  Creek, 
Napa  River,  Coyote  River,  Petaluma  Creek,  Mount  Diablo  Creek, 
and  Los  Gatos  Creek,  with  average  annual  run-offs  ranging  from 
141,000  to  69,000  acre-ifeet.  Taldn^  into  consideration  the  mcreasing 
demands  for  water  from  the  growmg  urban  areas  and  the  360,000 
acres  of  arable  land,  the  water  supply  is  deficient  even  though  every 
available  storage  site  is  utilized. 

SOUTH  PACIFIC  BASINS 

The  south  Pacific  ^roup  of  basins  comprises  the  coastal  watersheds 
from  the  San  Francisco  drainage  area  on  the  north  to  that  of  the 
Colorado  River  on  the  southeast.  The  total  area  drained  com- 
prises 8,697,000  acres,  of  which  about  2,616,000  acres  are  classified  as 
arable  lands.     Here,  also,  even  with  every  available  reservoir  site 
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Utilized,  there  would  not  be  sufficient  water  to  meet  the  irrij^ation 
requirements,  and,  with  the  exception  of  supplies  from  the  Colorado 
River,  there  is  no  feasible  means  by  which  water  can  be  brought  into 
this  group  of  basins  from  outside  sources.  The  precipitation,  which 
is  derived  almost  wholly  from  rainfall,  occurs  during  the  winter 
months  and  is  generally  inadequate  for  crop  production.  The  mean 
annual  rainfall  at  Salinas  is  14  inches,  at  Santa  Barbara  18.5,  at  Los 
Angeles  15.2,  at  San  Diego  10.3,  and  at  Riverside  10.9.  The  pre- 
cipitation on  the  higher  areas  is  somewhat  greater.  At  Mount 
\^ilson  it  is  33.9  inches  and  at  Squirrel  Inn,  in  the  San  Bernardino 
Mountains,  it  is  37.4  inches  per  annum.  The  total  mean  annual 
run-off  is  3,441,800  acre-feet  made  up  of  the  discharges  of  a  number 
of  relatively  small  streams  of  which  Salinas  River  with  its  tributaries 
is  the  largest.  The  mean  annual  discharge  of  this  stream  is  961,900 
acre-feet,  or  28  percent  of  the  total.  The  Santa  Ana  River  is  second — 
discharging  253,400  acre-feet,  or  7  percent.  The  Soquel  Creek  group, 
Pajaro  River,  San  Luis  Obispo  Creek  group,  and  Santa  Clara,  Santa 
Maria,  and  Santa  Inez  Rivers,  have  average  annual  discharges  ranging 
from  279,900  to  205,500  acre-feet. 

The  mean  annual  run-off  from  the  five  groups  of  basins  described 
totals  81,797,900  acre-feet,  and  the  net  irrigable  area  is  nearly 
14,000,000  acres.  It  is  evident  from  these  figures  that  the  stream  flow 
would  be  ample  to  meet  all  agricultural  and  other  demands  for 
water  provided  it  could  be  properly  conserved  and  conveyed  to  the 
places  where  it  is  needed.  It  is  probable  that  one  half  of  the  water 
supply,  if  made  available,  would  satisfy  all  reasonable  demands. 
The  northern  basin  has  40,  the  Sacramento  Basin  5.9,  the  San  Joaquin 
Basin  2.1,  the  San  Francisco  Basin  2.3,  and  the  south  Pacific  basin 
1 .3  acre-feet  of  water  to  each  acre  of  irrigable  land.  In  the  first  two 
basins  there  are  large  excess  supplies  of  water,  but  in  the  third, 
fourth,  and  fifth  shortages  occur.  Little  water  can  be  conveyed  out 
of  the  northern  group  of  basins  and  little  or  none  out  of  the  San 
Francisco  Basin.  Furthermore  no  appreciable  quantity  of  water 
from  other  basins  can  be  conveyed  into  the  south  Pacific  group 
of  basins.  The  Department  of  Public  Works  of  the  State  of  Cali- 
fornia, however,  has  formulated  a  plan  by  which  excess  waters  of  the 
Sacramento  Basin  can  be  conveyed  to  the  San  Joaquin  Basin.  If  it 
were  feasible  to  transfer  annually  10,000,000  acre-feet  of  flood  waters 
frorn  the  Sacramento  Basin  to  the  more  arid  lands  of  the  San  Joaquin 
Basin  it  would  solve  the  overflow  problem  of  the  former  basin  and  give 
an  adequate  supply  to  the  latter.  Under  this  plan  10,000,000  acres 
of  fertile  land  in  the  great  central  plain  of  California  would  be  pro- 
vided with  a  dependable  water  supply  for  irrigation. 

The  quantity  of  water  which  can  be  transferred  annually  from 
the  Sacramento  Basin  to  the  San  Joaquin  Basin  will  depend  to  a  large 
extent  on  the  storage  facilities  in  the  former  basin.  Sites  aggregating 
a  storage  capacity  (9)  of  7,743,000  acre-feet  available  for  irrigation  in 
10  reservoirs  have  been  surveyed  in  the  Sacramento  Valley. 

IRRIGATION  PRACTICE 

Irrigation  practice  in  the  Pacific  slope  basins  has  been  characterized 
by  the  success  attained  along  four  general  lines.  These  are  (1)  the 
organization  of  irrigation  enterprises;  (2)  pumping  water  from  under- 
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ground  basins;  (3)  using  concrete  pipe  in  farm  and  orchard  irrigation; 
and  (4)  combining  the  storage  of  water  for  irrigation  with  hydro- 
electric development. 

IRRIGATION  ENTERPRISES  IN  CALIFORNIA 

Irrigation-district,  mutual-company,  and  commercial-companjr 
enterprises  together  embrace  58  percent  of  the  irrigated  area  of  Cali- 
fornia {31).  The  irrigation  district  is  the  outstandmg  type  of  organi- 
zation, with  34  percent  of  the  irrigated  area,  and  the  mutual  company 
is  second,  with  18  percent.  Individual  and  partnership  enterprises 
cover  37  percent  of  the  State's  irrigated  area,  this  high  ratio  being 
largely  because  of  the  extensive  installation  of  pumping  plants. 

The  organization  of  irrigation  districts  on  the  Pacific  slope  origi- 
nated in  an  effort  to  provide  suitable  means  for  the  conversion  of  dry 
farms  into  smaller  irrigated  holdings.  Its  purpose  was  to  place 
in  the  hands  of  those  owning  the  land  the  management  and  control 
of  the  irrigation  system,  and  provide  a  method  for  securing  funds  to 
construct  and  operate  w^orks  too  costly  for  an  individual  or  a  small 
^roup  of  individuals  to  undertake.  Its  chief  benefit  lies  in  uniting 
m  one  organization  all  the  people  of  an  agricultural  community  so 
that  each  one  contributes  his  just  share  toward  the  expense  of  the 
enterprise,  has  a  voice  in  its  management,  and  shares  in  its  benefits. 

An  analysis  of  the  available  data  on  the  cost  of  water  in  California, 
compiled  cooperatively  in  1930  by  the  Bureau  of  Agricultural  En- 
gineering, the  University  of  California,  and  the  Califoraia  State 
Department  of  PubUc  Works,  {8)  indicates  that  the  three  leading 
types  of  irrigation  organization  have,  in  the  aggregate,  an  important 
influence  upon  the  quantities  of  water  used  in  irrigation.  This  is  due 
partly  to  the  fact  that  so  many  of  them  engage  in  pumping,  and  partly 
to  the  widespread  practice  of  charging  tolls  based  upon  the  quantity 
of  water  delivered. 

Of  the  71  irrigation  districts  reported,  28  pumped  100  percent  of 
their  water  suppHes  and  10  pumped  parts  of  such  supplies,  the  lifts 
ranging  from  5  to  400  feet,  while  43  charged  tolls  for  water  in  addition 
to  the  annual  assessment.  Of  the  districts  charging  tolls,  only  6 
reported  deliveries  of  more  than  2  acre-feet  per  acre  in  1929,  while  34 
reported  that  the  water  supply  was  ample  for  the  acreage  irrigated 
in  that  year. 

The  mutual  company  is  particularly  important  in  southern  Cali- 
fornia. Nearly  all  of  the  leading  companies  in  that  section  of  the 
State  and  many  of  those  in  northern  and  central  California  depend 
wholly  or  partly  upon  pumped  water.  A  number  of  the  companies 
charge  a  quantitative  rate  for  water,  which  either  supplements  the 
stock  assessment  or  supersedes  it  entirely.  The  value  of  water  in 
southern  California  is  very  high  and  on  the  whole  wasteful  practices 
are  exceptional. 

The  rate  schedules  of  the  commercial  companies  are  mainly  quan- 
titative rather  than  flat  charges  per  acre.  Only  6  of  the  34  companies 
reported  in  the  cost  study  derive  their  water  supplies  by  pumping,  and 
all  of  these  are  in  southern  California.  Most  of  the  companies 
reported  water  deliveries  of  less  than  2.5  acre-feet  per  acre,  the  larger 
quantities  generally  being  for  rice  irrigation.  Wasteful  uses  exist, 
but  the  decreasing  supply  of  unappropriated  water,  the  high  capital 
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costs,  and  frequently  the  high  cost  of  operation,  effectively  prevent 
the  extension  of  wasteful  practices. 

PUMPING  WATER  FROM  UNDERGROUND  BASINS 

In  1930  there  were  46,737  pumped  wells  in  California,  having  an 
aggregate  capacity  of  24,266,000  gallons  per  minute,  with  a  capital 
investment  of  about  $240,000,000.  During  the  previous  decade  the 
number  of  plants  had  more  than  doubled  and  the  investment  had 
trebled.  This  was  due  in  part  to  a  series  of  dry  years  with  a  resulting 
decrease  in  surface  run-off  and  an  extension  of  the  farming  area  de- 
pendent upon  irrigation  for  crop  production. 

During  the  1920-29  decade  the  quantity  of  water  derived  from 
underground  sources  in  California  steadily  increased,  resulting  in  a 
general  lowering  of  the  water  table,  with  threatened  exhaustion  of  the 
supply  in  many  districts.  In  1919  the  average  depth  to  ground  water 
in  the  State  was  42  feet  but  10  years  later  it  was  53  feet.  In  Santa 
Clara  County,  with  only  a  small  increase  in  the  number  of  pumped 
wells,  the  average  ground-water  level  dropped  from  56  to  100  feet. 
Average  drops  of  29  feet  in  Santa  Barbara  County,  26  feet  in  Los 
Angeles  County,  and  19  feet  in  Orange  County  are  recorded  (81). 

Such  a  general  lowering  of  the  water  table  results  in  ever  increasing 
expense  to  the  grower  for  pumping,  until  crop  returns  no  longer  show 
profits.     This  point  arrives  sooner  with  some  crops  than  with  others. 

In  California  about  1 ,500,000  acres  are  irrigated  by  pumping  from 
wells.  The  cost  of  pumping,  which  includes  the  cost  of  power,  at- 
tendance, interest,  taxes,  insurance,  and  repairs,  varies  within  rather 
wide  limits.  In  1922  and  1923  a  number  of  these  costs  were  deter- 
mined on  farms  in  the  Sacramento  and  San  Joaquin  Valleys  (8)  where 
it  was  found  that  the  average  cost  of  pumping  an  acre-foot  of  water 
per  foot  of  lift  was  18.7  cents.  At  this  rate  the  increased  cost  of 
raising  water  an  additional  12  feet  is  $3,000,000  per  annum. 

To  counteract  this  an  attempt  is  being  made  partly  to  replenish 
basins  in  which  the  Hf t  is  approaching  the  limit  of  economic  pumping. 
This  is  called  "water  spreading"  and  consists  in  applying  flood  or 
waste  water  to  the  surface  of  porous  soils  and  subsoils  in  such  a  way 
that  it  will  pass  through  the  porous  material  and  increase  the  ground- 
water supply.  As  a  further  aid  to  replenishment,  reservoirs  have  been 
built  and  other  reservoir  sites  have  been  surveyed  with  the  object  of 
using  stored  water  mainly  to  raise  the  level  and  increase  the  volume 
of  underground  water. 

A  number  of  such  spreading  grounds  are  now  maintained  on  the 
detrital  cones  at  the  mouths  of  various  canyons  in  the  San  Bernandino 
Mountains  where  flood  waters  are  allowed  to  percolate  into  the  under- 
ground basins  to  be  recovered  by  pumping  at  lower  levels  as  needed. 
This  method  of  storage  has  distinct  advantages  over  surface  storage 
both  in  cost  and  capacity  as  also  in  preventing  evaporation  losses. 
The  practice  of  water  spreading  is  increasing  and  the  demand  for 
information  regarding  methods  of  spreading  and  rates  of  percolation 
under  different  conditions  has  led  to  important  studies  by  the  Bureau 
of  Agricultural  Engineering  of  these  problems. 

USE  OF  CONCRETE  PIPE  IN  IRRIGATION 

In  many  irrigated  districts  only  about  one  half  of  the  water  diverted 
is  serving  a  useful  purpose  in  the  production  of  crops.     It  is  mainly 
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Jto  decrease  this  serious  loss  that  in  California  earth  ditches  are  being 
wplaced  by  concrete  pipes. 

As  has  been  stated  elsewhere  (19,  p.  395): 

By  this  substitution  the  farmer  saves  valuable  water,  spreads  it  more  uniformly 
•over  the  surfaces  of  fields,  lessens  the  work  of  applying  it,  prevents  the  growth 
of  weeds  on  ditch  banks,  removes  a  barrier  to  transportation,  prevents  the 
water-logging  of  soil,  and  salvages  fertile  land  for  cropping. 

The  census  (31)  reports  the  mileage  of  concrete  irrigation  pipe 
installed  in  California  as  close  to  10,000  miles,  mostly  of  diameters 
of  12  inches  or  less. 

COMBINING  THE  STORAGE  OF  WATER  FOR  IRRIGATION  WITH  HYDROELECTRIC 

DEVELOPMENT 

Frequently  a  stream  can  be  made  to  serve  two  purposes.  As  a 
stream  descends  from  the  high  moimtains  electrical  energy  can  be 
developed  before  the  water  reaches  the  intakes  of  the  farmers'  canals. 
Also,  when  the  flood  flow  of  mountain  streams  is  retained  temporarily 
in  reservoirs,  it  regulates  the  flow  to  both  power  plants  and  irrigation 
-enterprises,  greatly  extends  its  useful  period,  and  increases  the  profits 
of  both  industries.  These  conditions  prevail  in  most  of  the  Pacific 
slope  basins. 

The  greater  part  of  the  run-off  of  the  San  Joaquin,  Sacramento,  and 
northern  basins  comes  from  elevations  of  3,000  to  7,000  feet,  and  in 
the  low  er  catchment  areas  of  the  Coast  Range,  which  feed  the  streams 
•of  the  San  Francisco  and  south  Pacific  basins,  there  are  natural  reser- 
voir sites  that  can  be  utilized  for  the  development  of  power  and  also 
for  irrigation.  Considerable  progress  has  already  been  made  in 
storing  water  for  this  twofold  purpose. 

Two  plans  of  great  magnitude  formulated  for  combinations  of  this 
•sort  may  be  mentioned.  The  first  pertains  to  the  proposed  develop- 
ment at  Kennett,  Shasta  County,  Cahf.,  consisting  of  a  dam  which 
will  impound  2,940,000  acre-feet  of  water,  and  a  power  plant  of 
275,000  kilo  volt-amperes  capacity  (11).  The  second  is  the  Boulder 
Dam  on  the  Colorado  River,  whicn  will  create  a  reservoir  of  30,500,000 
acre-feet  capacity,  a  part  of  which  will  be  made  available  to  residents 
-of  the  south  Pacific  basins. 

CROPS  GROWN  UNDER  IRRIGATION 

Prior  to  1850  irrigation  was  not  practiced  in  the  Pacific  slope  basins 
-and  crop  production  was  confined  mainly  to  raising  cereals  and  wild 
hay  on  the  fertile  lands  along  stream  bottoms.  Crop  production 
without  irrigation  reached  its  maximum  in  1885,  the  area  farmed  being 
determined  by  the  amoimt  and  distribution  of  rainfall.  Only  crops  of 
low  water  requirement  could  be  successfully  raised.  The  demand  for 
agricultural  products  was  therefore  supplied  by  dry  farming  and  little 
or  no  attention  was  paid  to  irrigation.  As  settlement  continued  and 
the  demand  for  agricultural  products  increased,  a  few  farmers  in- 
creased their  production  by  practicing  a  crude  method  of  irrigation. 
Such  irrigation  was  hy  individual  effort  of  the  owner  as  water  was 
plentiful  and  easily  diverted  from  the  neighboring  stream.  In  this 
way  some  farms  became  more  productive  than  others,  but  the  majority 
depended  on  the  scanty  rainfall. 

When  the  demand  for  agricultural  products  exceeded  the  capacity 
ior  production  by  dry-farming,  better  methods  and  more  intensive 
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farming  were  employed.  Individual  irrigation  enterprise  had  demon- 
strated the  benefits  of  this  practice  with  the  result  that  the  irrigated 
land  in  California  has  increased  from  a  small  area  in  1870  to  4,746,000 
acres  in  1929. 

Many  changes  in  agriculture  have  occurred  since  the  beginning  of 
irrigation,  particularly  during  the  last  2  decades.  Weeks  (14) 
showed  that  although  the  total  cropped  area  harvested  increased  only 
15  percent  between  1909  and  1929  the  acreage  in  subtropical  fruits 
had  increased  143  percent,  in  Temperate  Zone  fruits  159,  in  vege- 
tables 203,  and  in  miscellaneous  field  crops  66  percent.  In  making 
this  shift  of  crops  there  was  necessarily  a  loss  in  acreage  of  those  crop& 
grown  under  earlier  conditions.  Thus,  hays  and  forage  lost  22  per- 
cent of  their  acreage,  while  cereals  lost  6. 

On  account  of  economic  conditions  and  changes  in  price  levels,, 
differences  in  acreage  of  different  crops  occur  from  year  to  year.  In 
years  of  high  prices  large  acreages  in  high-priced  crops  are  planted 
with  hopes  of  making  large  profits.  Yearly  shifts  from  one  crop  to 
another  can  be  easily  made  with  annuals  as  production  becomes  no 
longer  profitable  or  another  high-priced  crop  seems  more  favorable. 
With  perennials  such  as  fruits  or  nuts  that  do  not  come  into  produc- 
tion quickly,  the  high  prices  which  have  led  to  their  planting  may 
have  vanished  before  crop  yields  are  available.  In  this  case  the 
grower  holds  on  in  the  hope  high  prices  will  return,  since  he  cannot 
readily  change  from  one  crop  to  another.  Citrus  fruits,  grapes^ 
avocados,  deciduous  fruits,  and  walnuts,  are  in  this  class  and  there 
has  been  a  steady  increase  in  acreage  of  these  crops  during  the  past 
25  years. 

Rice  and  cotton  first  made  their  appearance  commercially  in  Cali- 
fornia about  20  years  ago.  The  acreage  of  rice  increased  to  a  maxi- 
mum of  162,000  acres  but  had  decreased  to  125,000  in  1931.  It  is 
grown  mainly  on  the  heavy  soils  in  the  Sacramento  Valley,  with  a 
few  thousand  acres  in  Merced  County  and  a  small  amount  in  the 
Imperial  Valley.  Cotton  acreage  continued  to  increase  until  1929^ 
when  there  was  a  total  of  309,000  acres  harvested  in  the  State, 
although  there  has  since  been  a  marked  decrease  in  acreage  because 
of  low  prices.  The  greater  portion  of  this  acreage  lies  in  the  six  most 
southerly  counties  of  the  San  Joaquin  Valley,  which  have  shown  a 
great  increase  in  cotton  yield  in  recent  years.  In  1924  the  Imperial 
Valley  produced  80,000  acres  of  cotton  which  decreased  to  less  than 
10,000  in  1930.  Cotton  acreage  in  the  San  Joaquin  Valley  increased 
from  2,500  acres  in  1922  to  250,000  in  1929. 

The  principal  crops  grown  in  southwestern  Oregon  are  hay  and 
forage,  cereals,  and  deciduous  fruits.  The  eastern  portion  of  this 
area  has  a  rather  high  altitude  and  short  growing  season  which  is 
best  suited  for  production  of  hay  and  forage  crops.  In  the  western 
portion  the  soil,  climate,  and  water  supply  are  more  suitable  for 
growth  of  deciduous  fruits  and  hay  crops. 

RELATION  OF  WATER  APPLIED  TO  CROP  YIELD 

Investigations  have  been  carried  on  for  a  number  of  years  by  the 
Bureau  of  Agricultural  Engineering  ^  either  independently  or  in  coop- 
eration with  other  agencies,  in  several  localities  in  Oregon  and  Cali- 

»  The  studies  were  made  first  under  the  Office  of  Experiment  Stations  and  later  under  the  Bureau  of 
Public  Roads,  before  the  Bureau  of  Agricultural  Engineering  was  established. 
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fornia  to  determine  the  relation  of  water  applied  to  crop  yield.  These 
experiments  are  generally  conducted  on  duplicate  or  triplicate  plots 
under  similar  conditions  of  soil,  temperature,  sunshine,  and  rainfall. 
Measured  quantities  of  water  are  applied  to  the  different  plots.  One 
plot  or  set  of  plots  is  frequently  left  unirrigated  as  a  check  plot  so 
that  the  full  effect  of  irrigation  on  the  crop  yield  may  be  noted.  As 
nearly  as  possible  plots  having  similar  soils  are  selected. 

Under  these  conditions  the  relation  of  water  applied  to  the  crop 
yield  and  the  quantity  of  water  which  produces  the  best  crop  may 
be  determined.  This  relationship  is  more  easily  established  with 
some  crops  than  with  others  and  for  various  reasons  it  will  be  found 
that  the  ratio  of  pounds  of  water  received  by  the  crop  to  pounds  of 
yield  show  rather  wide  variations.  In  experiments  of  this  nature  only 
the  irrigation  water  and  the  rainfall  were  measured.  More  recent 
experiments  take  into  account  soil  moisture  throughout  the  period  of 
observation  and  thus  gain  or  loss  of  moisture  in  the  soil  throughout 
the  growing  period  is  determined. 

By  growm^  plants  in  duplicate  or  triplicate  the  inaccuracies  due 
to  factors  which  affect  plant  growth  are  minimized  and  better  records 
are  possible.  Application  of  more  water  generally  results  in  increasing 
crop  yield  up  to  a  certain  limit  with  certain  crops,  but  beyond  this 
limit  there  is  a  decrease  in  crop  yield.  This  has  been  found  to  be 
especially  true  with  field  crops  but  not  necessarily  so  with  fruits  or 
nuts. 

The  results  shown  graphically  in  figures  5  and  6  have  been  selected 
from  data  given  in  tables  6  to  1 1  and  include  alfalfa,  silage  corn,  rice, 
wheat,  oats,  barley,  and  cotton. 

WATER  REQUIREMENTS  OF  CROPS 

EXPERIMENTS  WITH  ALFALFA 

During  the  years  1913  and  1914  measurements  were  made  on  a 
number  of  farms  in  different  localities  to  determine  the  most  eco- 
nomical duty  of  water  for  alfalfa  grown  in  the  Sacramento  Valley. 
These  farms  ranged  in  size  from  3  to  76  acres,  with  soils  of  silt  loam 
or  clay  loam.  Rainfall  during  the  growing  season  is  generally  small 
as  the  heaviest  rains  occur  during  the  early  spring  months.  The 
spring  rains,  however,  store  water  in  the  soil  for  later  use,  and  in  this 
bulletin  water  used  by  field  crops  grown  in  the  Sacramento  and  San 
Joaquin  Valleys,  as  tabulated  in  tables  9  to  11,  inclusive,  includes 
irrigation  water  applied  as  well  as  rainfall  occurring  between  January 
1  and  September  30.  No  rainfall  has  been  added  to  soil  moisture 
used  by  crops  grown  in  tanks,  as  early  spring  rains  would  not  greatly 
change  soil-moisture  conditions  in  tanks  having  high  water  tables. 

Rainfall  on  farms  studied  varied  in  the  different  localities  from 
0.44  to  1.54  feet  and  the  number  of  irrigations  ranged  from  2  to  15, 
differing  with  the  soil  and  irrigation  management.  Analysis  of  the 
data  abstracted  from  Bulletin  No.  3,  Department  of  Engineering, 
State  of  California  (4),  in  table  9,  shows  that  of  the  83  farms  reported 
12  receiving  amounts  of  water  averaging  3.23  acre-feet  produced  less 
than  4  tons  of  hay  per  acre;  38  receiving  amounts  averaging  4.43 
acre-feet  produced  from  4  to  6  tons;  13  receiving  amounts  averaging 
5.20  acre-feet  produced  from  6  to  7  tons;  11  receiving  amounts  aver- 
aging 4.12  acre-feet  produced  from  7  to  8  tons;  and  9  receiving 
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Figure  5.— Relation  between  quantity  of  water  applied  and  crop  yields  of  alfalfa,  silage  corn,  and  rice, 
as  determined  by  plot  experiments  at  various  places  in  Oregon  and  California. 
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amounts  averaging  4.19  acre-feet  produced  more  than  8  tons  per 
acre.  The  amounts  of  water  received  were  inclusive  of  rainfall. 
The  results  obtained  on  these  83  tracts  indicated  further  that  those 
receiving  less  than  2  acre-feet  of  irrigation  water  (not  including  rain- 
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Figure  6.— Relation  between  quantity  of  water  applied  and  crop  yields  of  wheat,  oats,  barley,  and  cotton 
as  determined  by  plot  experiments  at  various  places  in  Oregon  and  California. 

fall)  did  not  produce  satisfactory  yields  and  that,  on  the  other  hand, 
irrigation  water  in  excess  of  4  acre-feet  per  acre  usually  did  not 
increase  the  yield.  It  was  concluded  that  generally  in  the  upper 
Sacramento  Valley  the  most  satisfactory  yields  result  from  applica- 
tions of  irrigation  water  amoxmting  to  about  3  acre-feet  per  acre 
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which,  with  the  normal  rainfall,  gives  a  total  of  a  little  more  than 
4  acre-feet  per  acre. 

These  studies  differ  from  plot  experiments  in  that  water  applied 
to  large  areas  is  not  under  as  good  control  and  cannot  be  used  as 
carefully  and  economically  as  on  small  plots  where  the  observer  can 
^ive  it  better  attention.  Often  there  is  a  tendency  on  the  part  of 
irrigators  to  apply  too  much  water  at  the  upper  end  of  the  tract 
irrigated  and  too  little  at  the  lower  end.  Frequently,  also,  there  is 
a  disposition  to  overirrigate,  with  a  resultant  loss  of  water. 

From  1918  to  1925,  inclusive,  cooperative  tests  were  made  at  the 
University  Farm  at  Davis,  Calif.,  on  plots  of  less  than  1  acre  each, 
to  determine  the  effect  of  varying  the  number  of  applications  and  the 
depth  of  water  applied  on  yield  of  alfalfa.  The  soil  was  a  Yolo  fine 
sandy  loam.  The  total  seasonal  depth  of  30  inches  was  applied  to 
each  plot,  but  the  number  of  irrigations  was  varied  from  2  to  12  by 
applying  different  fractions  of  the  total  quantity  of  water  each  time 
(table  9).  The  average  jdelds  under  the  different  treatments  in- 
creased quite  consistently  from  8.24  tons  of  hay  per  acre  when  2 
irrigations  of  15  acre-inches  per  acre  each  were  applied  to  9.42  tons 
per  acre  with  12  applications  of  2^  acre-inches  per  acre.  The 
heavier  applications  probably  resulted  in  loss  of  water  by  deep 
percolation  beyond  the  reach  of  plant  roots,  resulting  in  a  smaller 
consumptive  use  and  a  correspondingly  smaller  yield.  The  average 
rainfall  amounted  to  0.73  foot. 

During  1922,  1923,  and  1924  experiments  were  conducted  coopera- 
tively^ (table  10  and  fig.  5)  in  the  San  Joaquin  Valley  at  Delhi  on 
plots  of  about  1  acre  each  to  determine  the  yield  of  alfalfa  with  the 
application  of  different  quantities  of  irrigation  water.  The  number 
of  irrigations  varied  from  3  to  6,  and  the  total  seasonal  depth  of 
water  applied  increased,  with  6-  to  12-inch  intervals,  from  12  to  60 
acre-inches  per  acre.  Effective  rainfall  during  this  period  varied 
from  0.31  to  0.76  foot  in  depth,  averaging  0.57  foot.  The  average 
yield  for  the  3-year  experiment  showed  a  steady  increase  from  4.39 
tons  per  acre  when  the  total  water  received,  including  rainfall,  was 
less  than  1.5  acre-feet  per  acre  to  8.27  tons  per  acre  when  the  water 
received  averaged  about  4  acre-feet  per  acre.  Applications  in  excess 
of  this  amount  produced  slightly  smaller  yields. 

During  1931  irrigation  water  was  measured  on  15  fields  of  mature 
alfalfa  grown  in  the  Antelope  Valley  in  Los  Angeles  County,  the 
different  fields  ranging  in  size  from  4  to  153  acres.  The  soil  ranged 
from  sand  to  fine  sandy  loam.  Irrigation  was  by  pumping  from 
individual  wells  ranging  from  50  to  129  feet  in  depth.  Possibly 
because  of  the  sandy  nature  of  the  soil  large  quantities  of  water  were 
used  in  spite  of  high  lifts  and  heavy  pumping  charges.  The  lowesf 
quantity  applied  was  1.19  acre-feet  per  acre,  with  which  6.3  tons  ot 
alfalfa  hay  were  produced.  Total  seasonal  irrigations  of  between  4 
and  5  acre-feet  per  acre  produced  on  an  average  6.9  tons  of  hay; 
between  5  and  6  acre-feet  the  yield  was  6.3  tons;  6  to  7  acre-feet 
produced  5.6  tons.  These  results  indicate  that  the  application  of 
excessive  quantities  of  water  in  the  irrigation  of  alfalfa  tends  to 
reduce  yields  and  represents  wasteful  irrigation.  Because  of  the  long 
growing  season  in  this  locality  and  storage  of  spring  rains  in  the  soil 
the  entire  seasonal  rainfall  of  0.71  foot  in  depth  has  been  added  to 
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irrigation  water  applied  to  arrive  at  the  total  water  received  by  the 
crop  (table  12). 

EXPERIMENTS  WITH  CEREALS 

The  cereals  grown  in  the  Pacific  slope  basins,  in  the  order  of  acreage 
cropped,  ai-e  barley,  wheat,  oats,  sorghums,  rice,  and  corn.  The 
total  acreage  used  for  these  crops  in  California  comprises  over 
2,000,000  acres.  Except  for  rice  the  water  requirements  of  the  various 
grains  do  not  vary  widely. 

From  1910  to  1916,  inclusive,  cooperative  experiments  were  made 
in  irrigation  of  barley  grown  on  plots  at  the  University  Farm,  Davis, 
Calif,  (table  9).  The  soil  was  a  Yolo  fine  sandy  loam.  Barley  is  an 
early  crop  which  derives  most  of  its  moisture  from  winter  rains. 
When  these  rains  amount  to  from  15  to  18  inches  and  are  distributed 
in  such  a  manner  as  to  be  of  value  to  crop  growth,  barley  ma;^  be 
grown  without  supplementary  irrigation.  If  rainfall  is  deficient,, 
especially  during  the  later  spring  nfonths,  one  irrigation  of  4  to  6 
inches  will  produce  a  satisfactory  crop,  or  if  the  season  is  very  dry 
two  irrigations  may  be  necessary.  During  the  period  when  tests 
with  barley  were  being  made  early  spring  rainfall  showed  wide 
variations  during  the  different  years  of  the  experiment.  In  general 
the  best  crops,  averaging  45  bushels  per  acre,  were  obtained  when  the 
total  water  received  amounted  to  from  1.5  to  2.0  acre-feet  per  acre, 
including  rainfall.  Usually  when  less  than  0.83  foot  of  moisture  was 
received  marketable  returns  were  too  small  to  pay  for  the  labor 
involved. 

Experiments  were  also  made  in  irrigation  of  wheat  at  the  Davis 
farm  during  1912,  1913,  and  1914,  to  determine  the  most  economical 
use  of  water  by  wheat  grown  in  plots.  A  number  of  these  plots  re- 
ceived no  irrigation,  resulting  in  a  very  low  yield.  The  best  yields 
were  obtained  in  the  year  of  lowest  rainfall  by  means  of  two  irrigations 
applied  at  times  when  the  soil  was  in  greatest  need  of  moisture.  In 
general  small  grains  are  low  in  water  requirement  and  satisfactory 
crops  may  be  grown  without  irrigation  provided  precipitation  occurs 
in  suflScient  quantities  and  at  proper  intervals  to  provide  the  necessary 
soil  moisture.  This  practice  is  not  generally  followed  in  California, 
however,  except  on  marginal  lands  of  low  value  without  a  water 
supply,  as  supplementary  irrigation  if  applied  at  the  proper  time, 
wiU  increase  crop  yields. 

EXPERIMENTS  WITH  RICE 

Irrigation  of  rice  differs  from  the  irrigation  of  other  crops  in  that 
complete  submergence  of  the  rice  field  to  a  depth  of  from  6  to  8  inches 
is  necessary  for  the  best  production.  Therefore,  only  heavy  soils 
which  will  prevent  rapid  downward  movement  of  water  may  be  used 
economically  for  irrigated  rice,  and  it  is  probable  that  imperviousness 
of  the  soil  has  a  greater  effect  in  promoting  a  high  duty  than  all  other 
factors  combined.  Clay,  clay  adobe,  and  adobe  soils  are  generally 
adapted  to  rice  growing. 

The  period  of  submergence  begins  with  the  planting  of  the  crop 
and  continues  until  about  2  weeks  before  harvest,  allowing  the  soil 
sufficient  time  to  dry  out  and  become  firm  enough  to  support  the 
weight  of  harvesting  machinery.  The  drainage  of  rice  fields  before 
harvesting  requires  complete  drainage  systems  to  carry  away  the 
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ponded  water  as  well  as  to  prevent  the  rise  of  ground  water  too  close 
to  the  soil  surface  thus  keeping  the  land  dry  in  the  spring  and  ready 
for  seeding. 

Other  factors  in  the  use  of  water  by  rice  are  length  of  growing 
season,  evaporation  from  water  surfaces,  alkali  removal  from  the  soil, 
and  prevention  of  early  growths  of  water  grass  and  other  weeds,  all  of 
which  increase  the  quantity  of  water  used.  Evaporation  during  the 
growing  season  is  an  item  of  considerable  importance  and  is  the  one 
under  the  least  control.  It  has  been  estimated  (2)  that  the  water  lost 
by  evaporation  amounts  to  about  one  third  of  the  total  applied. 

Experiments  were  conducted  cooperatively  (table  9)  during  1916 
and  1917  to  determine  the  net  use  of  water  by  rice  in  the  Sacramento 
Valley.  Of  30  farms,  ranging  in  size  up  to  more  than  2,000  acres,  18 
produced  an  average  of  38  sacks  of  100  pounds  each  per  acre  with  the 
net  use  of  about  5  acre-feet  of  water.  The  soils  of  these  farms  were 
mostly  clay  and  clay  adobe,  fhe  use  of  more  water  on  these  soils 
resulted  in  a  decrease  in  yield.  On  the  more  pervious  loam  soils,  four 
farms  had  an  average  use  of  water  of  10.7  acre-feet  per  acre  with  an 
average  yield  of  27.5  sacks  of  rice.  It  appears,  therefore,  that  imper- 
vious soils  are  best  for  rice  production  and  that  on  such  an  average  of 
5  acre-feet  per  acre  is  the  most  economical  net  use  of  water. 

EXPERIMENTS  WITH  COTTON 

Experiments  to  determine  the  use  of  water  by  cotton  were  made  by 
the  University  of  California  Agricultural  Experiment  Station  at  the 
United  States  Cotton  Field  Station  at  Shafter,  in  southern  San  Joa- 
quin Valley,  during  the  years  1926  to  1930,  inclusive  (6) .  The  principal 
factors  in  growing  cotton  are  climate,  soil,  cultural  practices,  and 
irrigation.  The  growing  season  must  be  both  long  and  warm  and  the 
soil  should  be  able  to  absorb  water  freely.  Frequent  cultivations  are 
necessary  to  keep  down  growths  of  weeds  which  use  large  quantities 
of  water.  In  the  arid  and  semiarid  valleys  of  California  cotton  cannot 
be  grown  without  irrigation.  In  the  cotton-growing  districts  of  the 
San  Joaquin  and  Imperial  Valleys  rainfall  is  too  small  and  occurs  at 
the  wrong  tirae  of  year  to  be  of  value,  hence  the  necessary  soil  moisture 
must  be  maintained  by  irrigation  (table  10).  A  preirrigation  of 
about  6  acre-inches  per  acre  is  recommended  as  moisture  applied  at 
this  time  is  of  great  value  to  plant  development.  The  soil  should  be 
moist  to  the  depth  of  the  root  zone  at  all  times  to  encourage  proper 
root  growth.  Cotton  is  sensitive  to  irrigation;  it  quickly  shows  the 
effect  of  either  drought  or  the  addition  of  moisture. 

At  the  experimental  station  at  Shafter  cotton  was  grown  on  plots 
of  Delano  sandy  loam  which  was  fairly  uniform  to  a  depth  of  5  feet. 
The  size  of  plots  was  16  by  90  feet,  and  four  rows  of  cotton  4  feet  apart 
were  planted  in  each  plot,  the  plants  being  12  inches  apart  in  the  row. 
The  irrigation  treatments  given  different  groups  of  plots  during  each 
of  the  4  years  of  the  experiment  were:  Irrigation  when  (1)  the  moisture 
content  fell  to  about  7  percent,  (2)  when  plants  wilted  at  4  p.m., 
(3)  when  plants  wilted  at  9  a.m.,  (4)  to  provide  high  moisture  content 
early  in  the  season  and  low  moisture  content  late  in  the  season,  and 
(5)  to  provide  low  moisture  content  early  in  the  season  and  high 
moisture  content  late  in  the  season.  From  5  to  9  replications  were 
made  of  each  treatment  and  the  results  from  these  replications  have 
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been  aveniged  in  table  2,  in  which  the  experiments  are  listed  for  each 
year  in  the  same  order  as  the  number  of  the  treatment.  All  plots 
except  those  receiving  treatment  no.  5  include  a  preseason  irrigation 
of  6  acre-inches  per  acre  before  planting.  All  irrigation  was  by  flood- 
ing. Each  year  the  best  yield  was  obtained  from  treatment  no.  1  and 
the  poorest  yield  was  obtained  imder  treatment  no.  3.  The  4-year 
averages  of  yields  and  water  applied,  including  preseason  irrigations 
and  rainfall,  are  given  in  table  2. 

Tabltc  2. — Summary  of  water  applied  and  yield  of  cotton  grown  under  different 

irrigation  treatments  ^ 


Treatment  no. 

Irriga- 
tions 

Water 
applied 
per  acre 
including 
rainfall 

Yield  per 
acre 

1 

Number 
7 
4 
3 
5 
6 

Acre-feet 
3.46 
2.31 
2.12 
2.67 
2.42 

Bales 
2.06 

2 

1,53 

8 

1.20 

4                                                                                              

1.39 

5 

1.28 

1  Average  of  4  years'  experiments. 
TANK  EXPERIMENTS  WITH  VEGETABLES  IN  THE  SACRAMENTO-SAN  JOAQUIN  DELTA 

Experiments  in  the  use  of  water  by  vegetables  grown  on  both  sedi- 
mentary and  peat  soils  in  the  Sacramento-San  Joaquin  delta  made 
cooperatively  by  the  Bureau  of  Agricultural  Engineering  and  the 
State  of  California  Department  of  Public  Works,  Division  of  Water 
Resources,  were  begun  in  1924  and  are  still  in  progress  (table  11). 
The  land  lies  at  or  below  tide  level,  enclosed  in  diked  districts  in  which 
the  high  ground  water  fluctuates  within  the  limits  of  the  root  zone, 
making  it  well  adapted  to  the  subirrigation  method.  Roughly,  from 
40  to  45  percent  of  the  crops  in  the  area  are  grown  on  peat  soil.  The 
scope  of  the  investigation  included  the  determination  of  the  use  of 
water  on  individual  tracts  or  islands  measured  as  a  unit,  measurement 
of  the  net  quantity  of  water  applied  to  individual  crops  on  selected 
fields,  and  determination  of  consumptive  use  of  water  by  the  principal 
delta  crops  grown  in  tanks.  The  most  satisfactory  determination  of 
use  of  water  by  crops  grown  on  a  lai^e  area  as  a  unit  was  conducted 
on  about  22,000  acres  of  Reclamation  District  No.  999.  The  soil  in 
this  district  is  sedimentary  and  is  w^ell  adapted  to  the  growth  of 
deciduous  fruits,  alfalfa,  sugar  beets,  asparagus,  and  vegetables.  The 
net  use  of  water  by  crops  was  determined  as  the  difference  in  the 
quantities  pumped  or  siphoned  onto  the  land  for  irrigation  and  that 
pumped  out  of  the  district  as  drainage.  The  results  indicate  that  the 
net  seasonal  consumptive  use  of  water  for  the  crops  grown  on  the 
sedimentary  land  of  this  district  is  2  acre-feet  per  acre. 

Measurements  of  the  use  of  water  on  large  areas  of  peat  land  proved 
unsatisfactory  because  of  nonmeasurable  quantities  of  upward  seepage 
or  movement  of  water  into  the  area  investigated,  and  the  same  held 
true  for  individual  farms.  Measurements  made  under  such  conditions 
are  inconclusive.  The  tank  method  of  measuring  the  use  of  water  by 
crops  was  therefore  used  for  peat  soils  and  to  some  extent  for  sedi- 
mentary soils. 
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The  principal  crops  grown  on  peat  soils  are  asparagus,  corn,  grain, 
and  potatoes.  Under  field  conditions  crop  demand  for  moisture  is 
satisfied  by  artificial  regulation  of  the  ground-water  level.  Water  is 
pumped  over  the  river  levees  into  large  ditches  from  which  it  is  lifted 
into  shallow  '^spud^'  ditches  by  booster  pumps.  To  lower  the  ground 
water  the  process  is  reversed  and  water  is  pumped  out  of  the  ditches 
back  to  the  river.  As  the  peat  soil  is  exceedingly  porous  the  water 
table  falls  quickly  and  the  peat  is  easily  and  rapidly  drained. 

In  these  experiments  water  tables  were  maintained  in  the  tank  soil 
either  at  a  fixed  depth  to  determine  the  optimum  depth,  or  by  causing 
the  water  level  in  the  tank  to  fluctuate  uniformly  with  that  in  the 
adjoining  field.  In  the  experiments  hereinafter  referred  to,  either 
condition  may  have  been  followed.  All  tank  experiments  were  made 
during  the  growing  season  and  the  use  of  water  as  determined  does 
not  include  rainfall. 

ASPARAGUS 

For  several  years  tank  experiments  have  been  made  with  a  variety 
of  delta  crops,  of  which  asparagus  is  one  of  the  most  important.  Of 
36  tank  experiments  with  asparagus  grown  in  peat  soil,  conducted 
during  1929,  1930,  and  1931,  the  average  use  of  water  was  2.79  acre- 
feet  per  acre  and  the  corresponding  average  yield  per  acre  was  5.99 
tons  of  spears.  In  these  experiments  12  tanks  had  a  water  table  2 
feet  below  the  soil  surface,  12  had  a  3-foot  water  table,  and  12  had  a 
4-foot  water  table.  There  does  not  seem  to  be  any  direct  relation 
between  depth  to  water  and  crop  yield,  the  average  yield  for  the 
2-foot  and  that  when  the  water  was  at  the  4-foot  levels  being  nearly 
the  same.  For  quantities  of  water  used  at  the  different  depths  of 
water  table,  however,  the  consumptive  use  was  37  percent  greater 
with  the  upper  level  than  with  the  lower.  A  part  of  this  difference 
was  undoubtedly  due  to  greater  evaporation  as  more  moisture  was 
held  in  the  surface  soil  when  the  water  level  was  high. 

POTATOES 

In  1925  potatoes  were  grown  in  peat  soil  in  tanks.  The  water  table 
in  the  tanks  stood  at  about  2  feet  below  the  soil  surface  at  the  begin- 
ning of  the  season,  was  raised  to  about  the  1-foot  level  during  mid- 
season,  and  allowed  to  fall  below  the  2-foot  level  at  the  close  of  the 
season.  Four  of  the  tanks  were  covered  in  such  a  manner  as  to  pre- 
vent evaporation  loss  from  the  soil  without  interfering  with  the  rate 
of  transpiration.  All  tanks  showed  a  close  relation  between  use  of 
water  and  yield  of  crop.  The  average  use  as  determined  by  12  exper- 
iments was  1.49  acre-feet  of  water  per  acre,  with  an' average  yield  of 
23,000  pounds  of  potatoes. 

CORN 

During  1926  and  1927  tank  tests  were  made  of  corn  grown  on  peat 
soil  to  determine  the  use  of  water  by  this  crop.  The  water  tables  in 
the  various  tanks  were  maintained  at  depths  of  1  foot  and  2  feet  from 
the  ground  surface.  If  the  water  table  is  fixed  throughout  the  grow- 
ing season,  probably  little  harm  is  done  to  ordinary  vegetable  crops 
by  high  ground  water;  but  if  the  water  table  is  raised  during  midseason 
above  the  limit  of  depth  to  which  the  roots  have  previously  penetrated, 
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they  will  be  drowned  and  the  crop  will  be  damaged.  In  the  tests 
with  corn  the  water  table  was  kept  at  one  level  during  the  growing 
season.  Twenty-one  tests  were  made  in  which  the  relationship  of 
the  quantity  of  water  used  by  the  crop  to  the  yield  of  ears  of  corn 
was  determined.  The  average  use  of  water  from  these  t^sts  was  3.38 
acre-feet  per  acre  and  the  corresponding  yield  was  11,770  pounds  of 
ear  com.  This  is  the  largest  quantity  of  water  used  by  any  crop 
tested  in  these  experiments,  and  is  much  more  than  corn  ordinarily 
uses  under  field  conditions  in  other  localities.  There  seems  to  be  a 
definite  use-yield  relation  for  this  crop,  but  it  seems  to  be  less  striking 
than  that  found  in  experiments  with  other  crops. 

BABLBT 

During  1930  experiments  were  conducted  on  the  water  requirement 
for  barley  grown  in  peat  soil  in  tanks.  There  was  found  to  be  a  definite 
relationship  between  the  quantity  of  water  used  by  the  crop  and  the 
yield.  Out  of  19  tests  two  tanks  used  less  than  1  acre-foot  of  water 
m  producing  a  crop  of  23  sacks  of  100  pounds  each  per  acre.  With 
the  increase  in  the  quantity  of  water  used  there  was  a  corresponding 
increase  in  the  yield  up  to  the  limits  of  the  experiment;  thus,  37  sacks 
of  grain  were  produced  when  from  1.0  to  1.5  acre-feet  of  water  was 
used;  84  sacks  when  the  use  was  between  1.5  and  2.0  acre-feet  per 
acre,  and  126  sacks  when  the  water  use  amounted  to  between  2.0 
and  2.5  acre-feet  per  acre.  The  average  use  of  water  for  all  the  barley 
experiments  of  that  year  was  1.65  acre-feet  per  acre. 

MISCELLANEOUS  TANK  EXPERIMENTS 

Experiments  were  also  carried  on  to  determine  the  average  use  of 
water  by  other  delta  crops,  as  follows:  Measurements  of  the  water 
used  by  celery  averaged  1.07  acre-feet  of  water  per  acre  in  7  tank 
experiments;  8  tests  for  onions  showed  an  average  use  of  1.35  acre- 
feet  per  acre,  and  with  32  tests  with  sugar  beets  the  average  use  of 
water  was  determined  to  be  2.71  acre-feet  per  acre.  The  seven 
varieties  of  crops  referred  to  herein,  viz.,  asparagus,  potatoes,  com, 
barley,  celery,  onions,  and  sugar  beets,  are  those  most  extensively 
raised  in  the  delta  region  and  from  these  experiments  it  has  been 
estimated  that  the  weighted  average  seasonal  use  of  water  by  crops 
grown  on  peat  soils  is  slightly  over  2  acre-feet  per  acre. 

EXPERIMENTS  WITH  PEAR  TREES 

Cooperative  experiments  have  been  conducted  in  the  Rogue  River 
Valley,  Oreg.,  by  the  Bureau  of  Agricultural  Engineering  and  the 
Oregon  State  Agricultural  Experiment  Station  during  1930,  1931,  and 
1932  to  determine  the  quantity  of  water  used  by  mature  pear  trees 
grown  in  silty  clay  loam  and  clay  adobe  soils.  Twenty-eight  measure- 
ments of  use  of  water  by  the  trees  and  the  corresponding  yields  are 
given  in  table  6.  The  trees  were  fully  matured,  being  either  22  or  27 
years  old  except  in  four  tests  where  the  age  was  16  years.  The  num- 
ber of  irrigations  varied  from  1  to  7  with  different  treatments,  and 
the  total  depth  of  irrigation  water  applied  ranged  from  0.32  to  2.02 
acre-feet  per  acre.  Rainfall  included  is  that  which  fell  during  the 
growing  season  from  March  1  to  October  31. 

17e83»-33 — i 


26  TECHNICAL  BULLETIN  379,  U.S.  DEFT.  OF  AGRICULTURE 

It  is  sometimes  difficult  to  determine  the  effect  that  the  quantity 
of  water  appUed  has  on  orchard  yield  as  many  factors  enter  into  the 
problem,  such  as  climatic  conditions,  damage  by  pests,  fertility  of  the 
soil,  pruning,  variety  of  fruit  produced,  and  soil  on  which  it  is  grown. 
Any  one  or  all  of  these  factors  may  influence  the  amount  and  quality 
of  the  fruit  produced  and  in  some  cases  may  have  more  effect  than 
variations  in  the  quantity  of  water  appHed.  In  these  experiments, 
however,  and  overlooking  other  factors,  there  appears  to  be  some  rela- 
tion between  the  quantity  of  water,  including  rainfall,  applied  to  the 
trees  and  the  fruit  crop  that  the  trees  produce.  Of  the  28  tests  made 
during  a  3-year  period  the  best  average  yields  were  made  in  seven 
tests  in  which  the  total  water  applied,  including  rainfall,  was  between 
1.25  and  1.50  acre-feet  per  acre.  Increasing  the  quantity  to  2  acre- 
feet  per  acre  did  not  result  in  any  increase  in  the  tree  yield. 

USE  OP  WATER  BY  CITRUS  TREES 

As  previously  mentioned,  many  factors  affect  the  yield  and  quality 
of  orchard  products,  and  this  statement  is  even  more  applicable  with 
respect  to  citrus  and  other  subtropical  fruits  in  southern  California 
than  it  is  for  the  hardier  deciduous  fruits.  Such  factors  are  (1)  cli- 
mate, soil  type,  and  age  and  variety  of  trees,  all  of  which  are  beyond 
the  control  of  the  grower,  and  (2)  cultivation,  pest  control,  pruning, 
fertilizing,  growing  of  cover  crops,  and  the  amount  of  irrigation  and  the 
time  of  its  application,  which  are  under  the  grower's  control.  In  ad- 
dition to  the  irrigation  water  applied  and  its  distribution  throughout 
the  season  all  these  factors,  under  control  or  otherwise,  influence  the 
crop  yield  and  therefore  it  is  difficult  to  determine  the  effect  of  irriga- 
tion alone  in  comparison  with  the  combined  effects  of  all  other 
influences. 

In  southern  California  climate  may  be  classified  as  coastal,  inter- 
mediate, and  interior.  In  the  coastal  climate  strong  ocean  influence 
is  manifest;  the  intermediate  climate  is  found  back  from  the  coast  but 
not  remote  from  all  ocean  modifying  influences,  and  the  interior  cH- 
mate  is  remote  from  the  coast  and  all  ocean  influences.  The  atmos- 
phere along  the  coast  contains  more  moisture  than  is  found  in  the 
interior  and,  moreover,  is  cooler  in  summer.  Crops  grown  in  the 
coastal  area,  therefore,  can  mature  with  less  irrigation  water  than  can 
those  of  the  interior.  This  is  shown  in  table  3  which  contains  a  sum- 
mary of  the  use  of  water  by  subtropical  fruits  and  nuts  in  Los  Angeles, 
Riverside,  San  Diego,  Orange,  and  Tulare  Counties.  These  records 
are  given  in  greater  detail  in  tables  13  and  14.  They  were  kept  by 
individual  growers  under  the  supervision  of  the  Agricultural  Extension 
Service  of  the  University  of  California  and  the  immediate  direction  of 
the  county  farm  advisor.  Although  in  some  cases  too  much  and  in 
other  cases  too  little  water  was  applied,  the  average  is  probably  not 
much  in  excess  of  the  water  requirements  of  the  crops.  The  use  of 
water  in  southern  California  is  normally  restricted  by  its  scarcity  and 
cost;  hence  little  water  is  wasted  through  over  irrigation. 
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Table  3. — Average  seasonal  use  of  water  and  crop  yields  of  subtropical  fruits  and 
nuts  in  southern  California  ^ 


County 

Crop 

Year  of 
record 

Tracts  of 
record 

Rain- 
fall! 

Irri- 

tion 
per 
acre 

Yield  per  acre 

Climatic 
location  ♦ 

Orange 

Do"'.Ii:' 
Los  Angeles.. 
San  Diego... 

Tulare 

Do 

Valencia  oranges.  - 

do 

do 

do 

Washington    na- 
vel oranges. 

do 

do 

1929 
1930 
1931 
1931 
1923-25 

1928 
1929 
1930 
1931 
1923-25 
1929 
1930 
1931 
1931 
1930* 
1931  « 
1930 
1930 
1931 
1927 
1927 
1927 
1928 
1928 
1928 
1929 
1929 
1929 
1930 
1930 
1930 
1931 
1931 
1931 

Number 
71 
63 
67 
20 
6 

14 

18 

24 

20 

9 

9 

16 

14 

20 

10 

18 

11 

23 

18 

3 

17 

2 

4 

19 

2 

5 

22 

5 

5 

19 

11 

4 

15 

8 

Feet 
0.83 
L08 

.93 
1.12 

.88 

.65 

;S 

1.11 
.88 
.83 
1.03 
.90 
1.16 
.94 
.94 
.37 
1.09 
.89 
1.36 
1.88 
2.06 
1.11 
1.06 
1.19 
.87 
.72 
.99 
.87 
1.14 
1.15 
.98 
.96 
1.12 

Acre- 
feet 
1.71 
1.60 
1.66 
1.79 
1.81 

2.37 
2.59 
2.70 
1.94 
L66 
1.27 
1.22 
1.37 
1.74 
1.41 
1.64 
3.21 
1.93 
1.85 
1.25 
1.29 
2.31 
1.54 
1.47 
1.77 
2.07 
1.66 
2.39 
1.90 
1.43 
2.00 
1.76 
1.55 
1.56 

285 packed  boxes'... 
151  packed  boxes'... 
254  packed  boxes  ».-_ 
223  packed  boxes ' — 
247  field  boxes  3 

119  packed  boxes 

87  packed  boxes 

171  packed  boxes 

314  packed  boxes 

423  field  boxes 

169  hundredweight. - 
113  hundredweight- - 
172hund^edweight-- 

287  packed  boxes 

865  pounds.-- 

Coastal. 
Do. 
Do. 

Intermediate. 
Do. 

Interior. 
Do. 

Do 

Los  .\ngeles.. 
San  Diego 

do 

do 

Do. 
Intermediate. 
Do. 

Orange 

Do'.'.V.'.V. 
Los  Angeles.. 
Orange 

Kern 

do.-- 

do 

do 

do. ._- 

Coastal. 

Do. 

Do. 
Intermediate. 
Coastal. 

do 

Grapes 

3,560  pounds 

5.35  green  tons 

1,128  pounds 

1,018  pounds 

285  pounds 

Do. 
Interior. 

Orange 

Walnuts... 

Coastal. 

Do 

.do 

Do. 

Los  Angeles.. 
Do 

do... 

do 

Do. 

1,703  pounds 

1,791  pounds 

899  pounds 

Intermediate. 

Do 

Do 

do.— 

do 

do 

do 

do 

do... 

do 

do 

Interior. 
Coastal. 

Do 

Do 

980  pounds 

Interior. 

Do.. 

Do 

Do 

1,734  pounds 

1,147  pounds 

972  pounds 

Coastal. 

Intermediate. 

Interior. 

Do.  . 

989  pounds 

Coastal. 

Do 

....do 

622  pounds 

Intermediate. 

Do 

do-... 

do 

do 

do 

Do 

Do 

Do.      . 

1,083  pounds 

1,182  pounds 

884  pounds 

Coastal. 

Intermediate. 

Interior. 

1  From  records  of  farm  advisers,  except  in  San  Diego  County. 

» In  all  localities  except  Kern  County  the  rainfall  is  the  amount  from  Oct.  1  of  the  preceding  season  to 
Sept.  30  of  the  current  year.    In  Kern  County  rainfall  is  computed  from  Jan.  1  to  Sept.  30. 

»  Packed  boxes  of  oranges  are  computed  on  a  basis  of  72  pounds  of  fruit  per  box;  field  bo.xes  of  oranges 
weigh  between  45  and  50  pounds;  and  field  boxes  of  lemons  55  to  60  pounds.  All  packed  boxes  include  culls 
on  a  packed-box  basis. 

*  Coastal  climate  is  one  where  strong  ocean  influence  is  manifest.  Intermediate  climate  is  one  back  from 
the  coast  but  not  remote  from  all  ocean  modifying  factors.  Interior  climate  is  one  remote  from  modifying 
ocean  influences. 

*  1930  was  a  low-crop  year  for  avocados. 

<  1931  was  a  normal-crop  year  for  avocados. 

Records  of  water  applied  and  yields  obtained  during  a  5-year  period 
on  a  group  of  Valencia  orange  groves  in  the  coastal  area  indicate  that 
the  more  conservative  group  of  growers,  who  used  medium  irrigations, 
ranging  from  16  to  19  acre-inches  per  acre,  produced  the  largest 
yields.  The  group  applying  less  water  produced  the  lowest  yield, 
while  the  one  that  applied  31  acre-inches  per  acre  had  less  fruit  than 
the  conservative  group.  For  lemons  raised  in  this  area  the  use  of 
over  18  acre-mches  per  acre  is  considered  excessive. 

The  irrigation  water  as  shown  in  column  6  of  table  3,  will  be  found 
to  agree  very  closely  with  suggestions  by  Vaile  (32)  for  irrigation  of 
citrus  in  California  in  coastal,  intermediate,  and  interior  climatic  areas 
as  shown  in  table  4. 
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Table  4. — Designation  of  classes  in  irrigation  {32) 


Class 

Acre-inches  applied  per  season 

Coastal 

Intermediate 

Interior 

Light 

Under  14 

Under  16.5.. 

16  5-21  4. 

Under  IQ 

Moderate 

14-17.9 

19-24  9 

Usual - 

18-21.9 

21,5-26.4 

25-30  9 

Heavy 

22-25.9  . 

26  5-31  4 

31-36  9 

Very  heavy 

26  and  over 

31.5  and  over 

USE  OF  WATER  BY  WALNUT  TREES 

Walnut  growing  is  an  important  industry  in  California,  particularly 
in  the  southern  pait  of  the  State  where  walnut  groves  exist  side  by 
side  with  citrus.  The  trees  are  larger  in  size  than  citrus,  each  acre 
containing  20  to  25,  whereas  an  acre  of  orange  trees  numbers  about 
90,  but  the  w^ater  requirement  is  nearly  the  same  for  each.  Table  14 
shows  the  use  of  water  and  crop  yield  on  walnut  groves  in  southern 
California.  These  records  do  not  indicate  that  there  is  any  specific 
relation  between  the  quantity  of  water  applied  and  walnut  yield 
except  that  the  group  of  walnut  groves  using  an  average  quantity  of 
Water  produced  the  best  yield  in  point  of  quantitj^  and  quality.  The 
Use  of  22  acre-inches  of  irrigation  is  about  normal  for  mature  walnut 
trees  grown  in  the  coastal  area  when  the  rainfall  is  about  12  inches. 

The  greatest  water  requirement  occurs  in  July  and  August, 
but  adequate  moisture  at  all  times  is  necessary  for  the  best  crop 
production. 

CONDITIONS  INFLUENCING  THE  QUANTITY  OF  IRRIGATION  WATER 

REQUIRED 

Conditions  affecting  the  use  of  water  by  crops  on  irrigated  lands 
should  be  considered  if  economical  irrigation  is  to  be  assured.  Some 
of  the  principal  factors  affecting  the  use  of  water  are  (1)  physical 
conditions,  (2)  farm  management,  (3)  economic  conditions,  (4) 
results  of  investigations  and  (5)  character  of  distribution  w^orks  and 
methods  of  applying  water.  A  sixth  factor  is  the  duty  of  water  as 
affected  by  State,  community,  and  corporate  regulations  which  is 
discussed  elsewhere  (p.  31). 

PHYSICAL  CONDITIONS 

Physical  conditions  affecting  the  irrigation  requirement  of  crops 
include  soil,  topography,  climate,  and  water  supply.  Most  of  the 
irrigated  land  of  the  Pacific  slope  is  found  in  fertile  valleys  of  alluvial 
formation  of  great  depth,  having  broad  undulating  slopes  which 
require  less  land  preparation  for  irrigation  than  do  many  other  irri- 
gated districts  of  the  Western  States.  Soils  in  arid  and  semiarid 
regions  are  generally  well  supplied  with  mineral  plant  food,  but 
because  of  low  rainfall  and  a  resulting  lack  of  vegetation  they  are 
deficient  in  decayed  vegetable  matter,  which  is  necessary  to 
continued  production  as  an  addition  of  humus  to  the  soil  increases 
its  water  retentiveness  and  helps  to  reduce  irrigation  requirement. 
In  general  the  light  alluvial  soils  not  only  require  a  minimum  of 
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preparation  for  the  distribution  of  water,  but  they  also  take  water 
readily  and  retain  a  sufficient  quantity  in  the  pore  spaces  for  plant 
use.  The  loams  and  fine  sandy  loams  are  better  in  this  respect 
than  clays  and  adobe  soils  or  sands  and  gravels.  In  the  heavier 
soils  the  pore  spaces  are  finer  and  plant  roots  have  greater  difficulty 
in  obtaining  plant  nutriment  held  in  close  association  with  the  finer 
soil  particles,  while  the  sandy-gravelly  soils  allow  water  to  percolate 
rapidly  bej^ond  the  root  zone. 

On  much  of  the  arable  land  in  the  interior  valleys  not  affected  by 
coastal  climatic  influence,  the  long  growing  period,  intense  sunshine, 
high  temperatures,  and  great  evaporation  tend  to  a  large  water  require- 
ment. Rainfall  occurs  during  the  winter  months,  causing  high 
run-off  stages  during  a  period  when  the  water  is  least  used  for  irriga- 
tion and  storage  of  water  from  mountain  streams  is  necessary  to 
conserve  the  water  supply  for  summer  use.  The  cost  of  stored  water, 
offset  to  some  extent  by  the  sale  of  power  developed  as  a  result  of 
storage,  is  generally,  but  not  always,  within  the  limit  of  permissible 
cost  to  the  irrigator.  Storage  of  water,  either  for  irrigation  alone 
or  for  combined  irrigation  and  power,  is  an  economical  way  of  extend- 
ing the  acreage  of  irrigated  lands. 

For  flood  w^ater  held  in  check  in  the  mountains  of  southern  Cal- 
ifornia, where  stream  gi-adients  are  steep  and  reservoir  capacities  are 
small,  the  unit  cost  of  an  acre-foot  of  storage  capacity  is  beyond  the 
means  of  the  farmer  or  orchardist.  In  many  sections  water  stored 
underground  is  the  source  of  supply  for  irrigation  and  domestic  uses 
and  in  districts  where  flood-control  reservoirs  of  small  capacities  are 
utilized  the  water  retained  in  them  is  released  and  re-stored  under- 
ground by  means  of  spreading  grounds.  In  this  way  the  small  flood- 
storage  reservoirs  may  be  filled  again  and  again  in  the  rainy  season 
and  the  water  made  available  for  irrigation  by  pumping. 

FARM  MANAGEMENT 

As  previously  stated,  the  soils  of  the  valleys  of  the  Pacific  slope 
are  generally  lacking  in  an  adequate  amount  of  humus  although  high 
in  mineral  plant  food.  Maintenance  of  soil  fertility  is  essential  for 
continued  production.  In  the  irrigated  areas  where  forage,  grains, 
cereals,  and  vegetables  are  the  principal  crops,  fertility  is  maintained 
by  rotation  and  diversification  of  crops.  In  the  southern  area  devoted 
to  the  production  of  subtropical  fruits  and  nuts  rotation  is  not  feasible 
because  of  the  long  life  period  of  the  orchard  growth,  and  fertility  is 
maintained  by  applications  of  fertilizers  and  growth  of  winter  cover 
crops  between  the  tree  rows.  The  extensive  use  of  cover  crops  has 
been  practiced  only  in  recent  years.  Two  classes  of  cover  crop  are 
in  use,  a  leguminous  cover-crop  plant,  either  Melilotus  indica  or  vetch 
or  a  nonleguminous  plant  of  which  mustard  is  the  outstanding  crop. 
These  are  planted  in  the  fall,  allowed  to  grow  during  the  rainy  winter 
months  and  plowed  under  as  green  manure  in  February  or  March. 
If  allowed  to  grow  later  in  the  spring  the  crop  will  be  in  competition 
with  the  tree  growth  for  soil  moisture  and  will  increase  the  water 
requirement  of  the  orchard.  Summer  cover  crops  should  seldom  be 
used  as  at  this  time  of  year  the  water  requirement  of  plants  is  at  a 
maximum  and  unless  the  water  cost  is  low  the  value  of  the  green 
manure  produced  will  be  less  than  the  value  of  the  water  consumed. 
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ECONOMIC  CONDITIONS 

The  cost  of  water  is  an  important  item  in  the  total  cost  of  producing 
a  crop  and  improvements  in  farm  management,  irrigation  practice, 
basis  of  paying  for  water,  or  method  of  delivery  that  will  lower  the 
ultimate  use  by  the  crop  will  tend  to  increase  profits.  When  water  is 
sold  at  a  flat  rate  or  on  an  acreage  basis  there  is  little  or  no  incentive 
to  economical  use.  On  the  other  hand,  when  water  is  sold  on  a  unit 
basis  and  the  user  is  charged  for  each  additional  acre-foot,  any  sav- 
ing made  in  the  water  cost  increases  the  farm  profit.  The  amount  of 
water  available  to  plants  is  always  less  than  that  applied,  since  it  is 
impossible  to  prevent  all  waste.  In  many  cases  the  amount  of  this 
waste  cannot  be  reduced,  within  reasonable  cost,  below  30,  and  in 
some  cases  below  50  percent,  of  the  total  applied.  Some  is  lost 
through  surface  run-off,  evaporation,  and  deep  percolation.  With 
the  exception  of  surface  run-off  these  losses  are  included  in  "per- 
missible waste"  (23),  which  varies  with  the  extent  of  preparation  of 
the  land  that  is  to  receive  water,  efficiency  of  the  farm  distribution 
system  in  prevention  of  losses  by  seepage,  and  improvements  in 
irrigation  practice. 

RESULTS  OF  INVESTIGATIONS  BY  VARIOUS  AGENCIES 

Experimental  studies  regarding  the  economical  use  of  water  by 
crops  conducted  by  the  United  States  Department  of  Agriculture, 
the  agricultural  experiment  stations,  and  other  agencies  have  done 
much  to  improve  irrigation  practice  and  promote  a  more  economical 
use  of  water.  These  studies  have  made  possible  a  knowledge  of  the 
water  requirements  of  most  crops  grown  under  irrigation  and  have 
provided  a  foundation  for  planning  monthly  and  seasonal  diversion 
rates  and  the  proper  canal  capacities  for  new  irrigation  enterprises. 
Not  only  has  there  been  assembled  a  fund  of  scientific  information 
concerning  total  seasonal  water  requirement,  time  of  water  applica- 
tion, transpiration  of  crops,  evaporation  from  soils  and  water,  and 
results  of  soil  studies  and  surveys,  but  a  fuller  knowledge  has  been 
gained  of  the  carrying  capacities  of  canals,  flumes,  and  pipe  lines,  and 
of  transmission  losses,  and  return  flow.  These  data  are  available  for 
use  by  administrators,  courts,  and  engineers  who  are  concerned  with 
irrigation  problems  and  are  being  used  with  increasing  frequency. 
For  a  number  of  years  new  irrigation  projects  and  improvements  in 
those  already  in  operation  have  been  based  upon  these  data  and  water 
adjudications  are  determined  in  the  light  of  expert  testimony. 

CHARACTER  OF  DISTRIBUTION  WORKS  AND  METHODS  OF  APPLYING  WATER 

In  the  early  days  of  irrigation,  when  canals  and  distribution  systems 
were  built  by  individual  or  cooperative  effort  and  water  was  plentiful 
and  easily  diverted  from  the  stream  to  the  land  on  which  it  was  used, 
little  attempt  was  made  to  economize  in  the  use  of  water  on  the  farm 
or  to  prevent  transmission  losses  in  the  canals.  As  water  became 
scarcer  and  new  and  more  valuable  enterprises  were  constructed  by 
mutual  effort  or  under  irrigation-district  laws,  engineers  began  to 
effect  savings  of  water  by  preventing  transmission  losses  where  pos- 
sible, and  farmers  constructed  better  planned  and  more  permanent 
farm  distribution  systems.  These  changes  were  effected  on  old- 
established  farms  only  after  the  profits  from  irrigation  made  such  im- 
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provements  possible.  Engineers  led  the  way  by  permanent  con- 
struction on  the  larger  projects  and  were  followed  by  individual 
farmers  as  means  permitted. 

The  water-saving  program  carried  out  under  the  general  direction 
of  the  irrigation  district  or  mutual  company  was  confined  principally 
to  storage  of  flood  flow  and  the  prevention  of  transmission  losses  by 
means  of  canal  linings.  A  third  factor  in  water  saving  was  the  in- 
stallation of  devices  to  measure  water  deliveries  to  farms.  Weirs 
came  into  general  use  with  construction  of  larger  projects  and  re- 
sulted in  water  saving  by  measuring  the  proper  quantities  to  each 
irrigator,  thus  doing  away  with  the  practice  of  guessing  at  water 
deliveries.  As  water  became  more  valuable  and  economic  conditions 
permitted  farm-distribution  systems  were  changed  from  earthen  head 
ditches  to  ditches  lined  with  concrete  and  to  the  installation  of  under- 
ground pipe  systems  with  risers  located  at  intervals  to  supply  water 
to  furrows  or  basins.  Better  methods  of  distribution  and  soil  re- 
quirements, changes  in  methods  of  applying  water  also  are  employed. 
As  the  farmer  becomes  better  acquainted  with  irrigation  methods  and 
better  able  to  afford  improvements  permanent  distribution  systems 
are  installed. 

DUTY  OF  WATER  AS  AFFECTED  BY  STATE,  COMMUNITY,  AND 
CORPORATE  REGULATIONS  * 

The  four  preceding  bulletins  of  this  series  have  brought  out  in 
some  detail  the  relationships  between  public  and  corporate  regula- 
tions and  the  irrigation  requirements  of  lands  in  the  several  Western 
States,  excepting  California,  and  the  principles  there  discussed  apply 
in  large  measure  to  California  as  well.  However,  the  extensive  irri- 
gation development  of  that  State,  which  in  1929  included  one  fourth 
of  the  irrigated  land  of  the  West  (81)  y  has  been  marked  by  certain 
acute  institutional  problems  which  bear  directly  upon  the  State's 
irrigation  requirements. 

CONFUCT  OF  RIPARIAN  AND  APPROPRIATION  RIGHTS 

In  no  other  of  the  Western  States  has  the  riparian  versus  appro- 
priation-rights controversy  been  productive  of  so  much  litigation  or 
have  riparian  rights  been  so  completely  recognized  as  in  California. 
The  doctrine  of  appropriation  "grew  up  during  the  early  occupancy 
by  the  minei-s  of  the  public  domain  in  the  Western  States  "  and  became 
established  as  a  doctrine  of  the  California  courts  by  several  decisions 
in  cases  which,  however,  "were  between  parties  not  holding  title  to 
any  land  along  the  streams"  (15).  In  1886,  in  the  first  major  con- 
troversy between  appropriators  and  riparian  owners  to  reach  the 
California  Supreme  Court — Lux  v.  Haggin  ^ — the  court  adopted  the 
common-law  doctrine  of  riparian  rights,  modified  to  the  extent  that 
each  riparian  owner's  use  for  irrigation  must  be  a  reasonable  use  as 
against  all  other  riparian  owners.  The  courts  of  that  State  have 
adhered  consistently  to  this  doctrine.  As  recently  as  1926  it  was  held 
that  riparian  rights  attached  to  the  entire  flow  of  San  Joaquin  River, 
where  the  entire  flow  was  needed  to  fill  slouglis  and  make  possible 


«  The  material  in  this  section  was  prepared  by  Wells  A.  Hutchlns,  irrigation  economist,  Bureau  of  Agri- 
cultural Engineering. 
»  69  Cal.  255,  10  Pac.  674. 
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the  irrigation  of  riparian  land  without  the  installation  of  expensive 
improvements.^  The  decision  turned  on  the  question  of  protecting 
vested  rights,  and  not  upon  the  character  of  irrigation  use,  which 
clearly  was  a  wasteful  use.  A  constitutional  amendment  designed  to 
prevent  riparian  owners  from  using  water  wastefully  was  passed 
2  years  later,  but  has  not  yet  been  passed  upon  by  the  higher  courts. 

Thus  the  appropriation  and  riparian  doctrines  exist  side  by  side  in 
California.  Legally,  riparian  rights  are  very  important.  Economi- 
cally, only  7.5  percent  of  the  State's  area  irrigated  in  1929  claimed 
riparian  rights  from  streams  (31).  The  economic  importance  of  the 
riparian  doctrine  in  California  may  be  said  to  lie  principally  in  the 
restrictions  it  imposes  upon  the  operation  of  the  doctrine  of  appro- 
priation, rather  than  in  the  amount  or  kind  of  development  actually 
based  upon  riparian  ownership.  The  fact  that  so  much  development 
has  been  permitted  to  take  place  on  nonriparian  lands  has  been  due 
in  no  small  d  egree  to  the  neglect  or  indifference  on  the  part  of  riparian 
owners  in  protecting  their  rights  from  loss  by  prescription.  In 
recent  3^ears,  however,  they  appear  to  have  been  better  informed  and 
more  on  guard;  and  it  is  stated  that  in  certain  localities  riparian 
values  have  come  to  include  a  '4iold-up"  element. 

In  contrast  with  the  California  decisions,  which  have  reiterated  and 
extended  the  riparian  doctrine,  the  trend  of  the  Oregon  decisions  has 
been  to  restrict  its  operation  and  to  limit  the  riparian  owner  to 
beneficial  use.  Where  riparian  rights  are  unrestricted,  there  is 
obviously  little  incentive  to  use  water  economically;  as  against  non- 
riparian  irrigators,  the  riparian  proprietor  may  make  as  lavish  a  use 
as  he  chooses.  This  does  not  mean  that  the  irrigation  of  all  riparian 
lands  is  uneconomical.  There  fre  wide  differences  in  the  character 
of  such  use.  It  does  mean  that  the  doctrine  does  not  encourage 
economy  in  irrigation. 

A  saving  feature  of  this  situation  has  been  that  riparian  lands 
necessarily  border  a  stream  and  do  not  extend  beyond  the  watershed; 
consequently  in  the  typical  situation  much  of  the  water  applied  to 
such  lands  in  excess  of  crop  requirements  returns  to  the  stream  from 
which  it  is  diverted.  Of  course  upper  diversions  are  denied  access  to 
whatever  surplus  there  may  be;  and  if  the  riparian  lands  are  located 
along  the  lower  reaches  of  the  stream,  the  surplus  above  the  actual 
requirements  of  such  lands  benefits  nobody. 

THE  UNDERGROUND  WATER  SITUATION 

Nearly  one  third  of  the  lands  irrigated  in  California  in  1929  were 
reported  as  deriving  their  water  supplies  from  wells  (31).  This 
represented  a  large  increase  above  the  area  so  irrigated  in  1919.  The 
unrestricted  installation  of  pumping  plants  in  certain  areas,  coupled 
with  a  cycle  of  low  precipitation  and  run-off,  has  led  to  such  serious 
lowering  of  the  underground  water  table  that  pumping  costs  in  some 
cases  have  become  almost  prohibitive.  The  State  engineer  (11, 
p.  100)  has  stated,  in  referring  to  upper  San  Joaquin  Valley,  that — 

*  *  *  quality  of  land,  rather  than  adequacy  of  supplies,  has  been  the  factor 
controlling  irrigation  development  of  this  type,  and  the  result  in  many  localities 
has  been  a  net  draft  in  excess  of  the  average  seasonal  replenishment.  Little  or 
no  consideration  has  been  given  in  the  development  of  these  areas  to  tne  possi- 


«  Herminghaus  et  al.  v.  Southern  California  Edison  Co.  et  al.,  200  Cal.  1,  252  Pac.  607. 
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bility  of  systematic  artificial  replenishment  of  the  ground-water  reservoirs. 
*  *  *  the  result  has  been  a  depletion  of  ground-water  storage,  which  is 
indicated  by  a  continuously  receding  water  table  (11,   p.  14'^). 

Referring  to  Santa  Clara  Valley  {U,  p.  185-186): 

There  has  been  a  lowering  over  the  past  15  years  of  64.5  feet  in  the  general 
level  of  ground  water  in  this  area.  As  practically  all  the  irrigation  and  domestic 
water  used  in  the  valley  is  pumped  from  underground  sources,  there  is  great 
public  concern  over  this  situation,  due  to  the  increased  costs  of  pumping  and  the 
possibility  of  invasion  of  saline  water  from  San  Francisco  Bay. 

The  same  situation  exists  in  greater  or  less  degree,  in  other  impor- 
tant areas  of  the  State. 

In  California  owners  of  land  overlying  common  strata  of  percolating 
water  have  paramount  rights  to  its  use  but  are  limited  to  such  quan- 
tities as  are  reasonably  necessary  for  beneficial  use  on  the  overlying 
lands,  and  appropriators  may  take  the  surplus  for  use  on  distant 
lands.  This  doctrine,  therefore,  in  contrast  with  the  doctrine  of 
riparian  rights  to  surface  streams,  imposes  a  measure  of  economical 
use.  However,  as  between  overlying  landowners,  there  is  no  priority 
of  use,  with  the  result  that  each  person  in  an  area  overl3dng  an  under- 
ground-water basin  who  installs  a  pumping  plant  for  the  irrigation  of 
his  farm  is  required  to  share  the  supply  with  all  other  operators  in  such 
area,  however  extensive  their  holdings  may  be  with  respect  to  the 
available  water  supply  and  at  whatever  subsequent  time  they  may 
choose  to  exercise  their  correlative  rights.  The  pumping-plant  opera- 
tor has  no  security  against  the  practical  destruction  of  his  water  right 
by  overdevelopment,  such  as  would  be  afforded  under  an  administra- 
tive control  of  underground-water  suppHes  based  upon  priority  of 
appropriation  and  use.  In  some  sections  of  Cahfornia  the  draft 
upon  the  underground  supply  exceeds  the  replenishment  that  would 
have  been  effected  during  the  past  20-  and  even  40-year  periods, 
including  both  wet  and  dry  cycles  (11). 

Use  of  underground  water  in  irrigation  is  seldom  wasteful;  a  most 
effective  brake  upon  waste  is  the  cost  of  pumping.  On  the  whole  the 
utilization  of  underground  reservoirs  should  result  in  economical  and 
beneficial  irrigation  practice,  provided  pubUc  control  is  exercised  over 
priorities  to  underground  water  rights,  or  over  the  installation  and  use 
of  pumping  equipment;  or  provided  that  adequate  replenishment  of 
underground  water  supplies  is  effected  by  natural  run-off,  extensive 
surface  irrigation,  or  recharge  with  water  imported  from  other  areas. 

THE  CALIFORNIA  STATE  WATER  PLAN 

"California's  problem  is  twofold,  involving  first  the  conservation 
and  utilization  of  its  water  resources,  and  second  the  control  of 
floods"  (11).  In  three  large  and  important  areas  the  problem  of 
water  shortage  has  become  acute  and  requires  immediate  attention. 
In  the  Sacramento-San  Joaquin  delta  and  the  upper  bay  industrial 
region  the  shortage  has  been  accompanied  by  invasion  of  saline  water; 
in  upper  San  Joaquin  Valley  some  400,000  acres  of  developed  land  are 
menaced  by  shortage,  aggravated  in  large  measure  hy  overdrafts 
upon  the  underground  supply;  in  Santa  Ana  River  Basm  and  other 
parts  of  the  south  coastal  basin  there  have  been  heavy  overdrafts  upon 
surface  and  underground  supplies  for  both  metropolitan  and  agri- 
cultural purposes.  In  addition  to  these  major  problems,  other  areas 
are  affected  in  greater  or  less  degree. 
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Recognition  of  this  situation  has  led  to  much  work  during  the  past 
decade  in  developing  a  coordinated  plan  for  conservation  and  orderly 
utilization  of  California's  water  resources. 

The  works  involved  in  regulating  streams  by  storage  and  in  trans- 
porting water  from  one  section  of  the  State  to  another  are  of  great 
magnitude  and  will  cost  several  hundred  million  dollars.  One  of  the 
two  main  purposes  of  the  plan  is  to  remedy  deficiencies  in  certain 
sections  of  the  State  by  salvaging  local  wastes  and  by  importing 
supplies  from  other  sections  where  the  natural  water  resources  are 
more  abundant.  A  significant  item  is  the  purchase  and  extinguish- 
ment of  early  riparian  rights  to  a  great  quantity  of  water  appurtenant 
to  a  large  area  of  grass  and  pasture  lands — a  relatively  unimportant 
purpose — in  order  that  such  waters  may  be  stored  and  used  for  more 
valuable  purposes.  Clearly,  uneconomical  practices  have  no  place 
in  a  plan  of  orderly  utilization  of  the  State's  great  natural  resources. 

The  engineering  features  have  been  described  in  considerable 
detail  in  various  publications  of  the  State;  the  irrigation  requirements 
of  various  sections  of  the  State  have  been  carefully  analyzed;  and  the 
legal,  economic,  and  financial  features  have  been  studied  and  debated. 
The  project  has  not  yet  been  financed,  except  in  case  of  the  Metro- 
politan Water  District  of  Southern  California;  and  the  legal,  political, 
and  human  elements  appear  to  offer  many  difficulties.  Not  the  least 
troublesome  question  is  that  arising  from  the  riparian-rights  situation. 
As  stated  by  the  State  engineer,  the  controversy  between  the  riparian 
and  appropriation  doctrines  ''has  been  long  and  bitter  and  is  still, 
extant.  It  adds  to  the  uncertainty  and  cost  of  any  water  development 
in  the  State  and  is  a  serious  obstacle  in  the  way  of  a  major  State  plan 
of  development"  (11). 

THE    RECLAMATION    OF    ARABLE    LANDS    AND    MONTHLY    AND 
SEASONAL  NET  IRRIGATION  REQUIREMENTS 

During  the  last  50  years  the  increase  in  the  number  of  irrigated 
farms  on  the  Pacific  slope  has  resulted  in  the  use  of  practically  all 
available  summer  stream  flow,  and  further  extension  is  not  possible 
without  additional  storage  of  flood  waters  or  transportation  of  water 
from  a  drainage  basin  having  a  surplus  flood  flow  to  another  basin  in 
which  there  is  a  deficiency.  Construction  of  dams  to  store  water 
which  would  otherwise  be  wasted  has  resulted  in  providing  a  total 
storage  capacity  in  California  and  southwestern  Oregon  of  nearly 
4,000,000  acre-feet  (31).  In  recent  years  the  building  of  high  dams 
has  provided  not  only  additional  supplies  for  agriculture  but  also  a 
double  use  of  the  water  through  the  development  of  power  at  the  dam 
site.  Such  development  enables  irrigation  districts  sponsoring  con- 
struction to  pay  a  part  of  the  construction  costs  by  sale  of  power  in 
addition  to  providing  electrical  service  to  residents.  Power  generated 
at  the  Exchequer  Dam  of  the  Merced  Irrigation  District  returned 
an  income  to  the  district  in  1927  of  $569,815  and  only  a  little  less  was 
paid  the  Turlock  Irrigation  District  for  electrical  energy  developed  at 
the  Don  Pedro  Dam  (3).  Sometimes  there  is  a  tendency  on  the 
part  of  directors  of  irrigation  districts  to  allow  stored  water  to  be 
used  for  power  that  should  be  held  for  the  irrigation  of  crops  and  this 
tendency  should  be  guarded  against. 

Recovery  and  economical  use  of  underground  water  for  urigation 
plays  a  large  part  in  the  development  of  agricultural  lands  and  par- 
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ticularly  so  in  many  districts  in  California.  Recovery  is  brought 
about  by  different  methods,  of  which  pumping  from  wells  is  of  the 
utmost  importance,  while  land  drainage  and  return  flow  are  respon- 
sible for  augmented  summer  flow  in  depleted  streams.  Approxi- 
mately 1,453,000  acres,  or  70  percent  of  the  acreage  so  irrigated  in 
the  Western  States,  are  irrigated  in  California  by  water  pumped 
from  wells.  Water  pumped  from  individual  wells  directly  upon  the 
land  irrigated  is  generally  put  to  the  highest  possible  use — (1)  because 
there  is  no  transmission  loss  before  reaching  the  farm  as  in  gravity 
diversions,  and  (2)  because  of  cost  of  pumping.  Each  additional 
foot  of  lift  and  each  acre-foot  of  water  pumped  increases  the  cost  of 
irrigation  and  lessens  the  farmer's  profit.  Farmers  sometimes  try  to 
obtain  better  yields  by  applying  greater  quantities  of  water  than  are 
necessary  to  obtain  the  best  crops.  Excess  water  applied  to  land 
irrigated  by  pumping  returns  to  the  underground  basin  from  which 
it  was  drawn  and  the  ultimate  loss  of  water  is  small  as  it  may  be 
reused  later.  Water  diverted  from  streams  into  canals  and  delivered 
to  irrigated  farms  suffers  loss  in  transmission  through  unlined  canals 
and  further  losses  occur  after  delivery.  Preventable  water  losses  are 
caused  by  overirrigation,  poorly  prepared  land,  and  lack  of  proper 
farm  distributaries. 

^'Return  flow"  is  the  water  returning  to  a  stream  through  drainage 
canals  and  by  seepage  along  stream  banks.  It  is  generally  stated  as 
a  percentage  of  the  total  diversion  and  represents  the  unconsumed 
portion  of  water  applied  to  an  irrigated  area. 

The  amount  of  return  flow  depends  upon  a  number  of  factors,  chief 
of  which  are  quantity  of  water  diverted,  porosity  of  soil  irrigated  and 
through  which  the  ground  water  has  to  travel,  and  length  of  time  the 
district  has  been  irrigated.  Porosity  of  soil  and  gradient  of  the  under- 
ground-water table  determines  the  rate  at  which  underground  water 
may  travel  and  the  time  in  which  the  initial  return  flow  will  appear 
in  the  parent  stream.  The  first  return  may  be  slow  to  appear,  but 
year  by  year,  as  the  irrigated  area  is  extended  and  the  underground 
basins  become  filled  with  water,  the  amount  returning  to  stream  chan- 
nels increases.  This  return  flow  then  becomes  available  for  reuse  and 
may  be  stored,  diverted  for  irrigation  of  additional  lands  along  the 
lower  reaches  in  the  same  drainage  basin,  or  made  to  provide  under-/ 
ground  water  for  irrigation  by  pumping. 

Measurements  of  return  flow,  made  for  a  number  of  years  in  the. 
Sacramento  and  San  Joaquin  Valleys  by  the  State  engineer's  office, 
show  considerable  variation  from  year  to  year  in  both  streams.  The 
Sacramento  River  shows  the  highest  rate  of  recovery,  equal  to  50  per- 
cent of  the  diversions  for  a  5-year  period.  The  average  return  for  the 
San  Joaquin  Valley  was  32  percent  for  the  same  period  of  years.  The 
reason  for  the  difference  in  recovery  in  the  two  drainage  basins  is  not 
altogether  clear,  but  some  use  of  underground  water  for  irrigation  by 
pumping  in  the  San  Joaquin  Valley  may  be  responsible  in  part. 


From  the  foregoing  discussions  it  is  evident  that  on  the  Pacific 
slope,  as  in  other  western  drainage  basins,  there  is  an  unequal  division 
of  arable  land  and  available  water.  The  main  agricultural  produc- 
ing areas  in  the  basin  are  the  Rogue  River  and  Klamath  Lake  Basins 
in  Oregon,  the  Sacramento  and  San  Joaquin  Valleys  in  central  Cali- 
fornia, and  the  citrus-growing  districts  in  southern  California.     All 
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these  areas  are  now  irrigated  to  the  full  extent  of  the  present  water 
supply,  and  any  further  extension  in  irrigation  must  come  mainly 
from  additional  storage  in  mountain  reservoirs  and  diversion  of  flood 
water  from  the  winter  flow  of  streams  in  which  there  is  a  surplus  to 
other  areas  in  which  there  is  a  shortage  of  water.  An  additional 
means  of  increasing  the  quantity  of  water  that  may  be  used  is  the 
reclamation  and  reuse  for  irrigation  of  municipal  and  industrial  wastes 
which  now  pass  into  the  ocean.  This  has  been  estimated  as  155,000 
acre-feet  per  year  in  the  Los  Angeles  district  alone  (13). 

The  total  mean  annual  stream  flow  of  the  groups  of  drainage  basins 
heretofore  described  amounts  to  81,797,900  acre-feet  and  the  extent 
of  arable  land  therein  is  approximately  14,000,000  acres,  of  which 
4,225,000  acres  are  now  under  irrigation.  It  is  evident  therefore  that 
the  total  annual  water  supply  from  all  basins  exceeds  the  irrigation 
requirement  of  lands  which  may  ultimately  be  brought  under  irriga- 
tion. Moreover,  it  seems  probable  that  all  of  the  water  supply,  par- 
ticularly in  the  northwesterly  portion  of  the  Pacific  slope,  may  not 
be  made  available  for  irrigation  owing  to  the  lack  of  adjoining  agri- 
cultural land  and  difficulties  in  the  way  of  conveying  the  surplus  to 
other  basins. 

In  table  5,  summarizing  the  monthly  and  seasonal  net  irrigation 
requirements  of  the  various  subdivisions  of  the  Pacific  slope  no  allow- 
ance is  made  for  rainfall  or  for  any  losses  in  transmission  or  distribu- 
tion other  than  permissible  waste.  The  net  irrigation  requirement 
should  not  be  confused  with  the  quantities  listed  as  irrigation  use  in 
tables  6  to  14  in  the  Appendix,  the  latter  being  the  quantities  actually 
applied  in  irrigation.  In  plot  experiments  the  depth  of  irrigation 
was  arbitrarily  varied  from  too  little  moisture  to  too  much  in  an 
attempt  to  discover  the  proper  quantity  for  the  best  and  most 
profitable  production.  In  application  of  water  to  farms  by  the 
individual  owners  the  quantity  nearly  always  exceeds  the  irrigation 
requirement.  Table  5  has  been  prepared  in  anticipation  of  the  time 
when  agriculture  will  require  an  extension  of  area,  when  water  will 
be  scarcer  and  more  valuable  than  at  present,  and  when  knowledge 
s  more  generally  available  regarding  soil  moisture  conditions  and  the 
rrigation  requirements  of  crops. 


Table  5. — Monthly  and  seasonal  net  irrigation  requirements  of  the  various 
divisions  of  the  Pacific  slope 

sub' 

Division 

Portion  of  total  seasonal  net  irrigation  required  in— 

Sea- 
sonal 

Divi- 
sion 

No. 

Jan. 

Feb. 

Mar. 

Apr 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

net 
irriga- 
tion 
re- 
quire- 
ment 
per 
acre 

1 

Oregon: 

Umpqua,     Coquill, 
and  lower  Rogue 
River  basins 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Per- 
cent 
4 

8 
4 

10 

Per- 
cent 
12 

18 
20 

20 

Per- 
cent 
20 

25 
25 

20 

Per- 
cent 
30 

25 
30 

20 

Per- 
cent 
30 

18 
18 

17 

Per- 
cent 
4 

4 
3 

11 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Acre- 
feet 
0  85 

2 

Upper  Rogue  River 
Basin  .. 

2 

1.50 

3 

Oregon  and  California: 
Klamath  Lake  and 
River  Basins 

2.00 

4 

California: 

Pacific    slope    in 
northwestern  Cal- 
ifornia  

2 

1.40 
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Table  6. — Monthly  and  seasonal  net  irrigation  requirements  of  the  various  sub- 
divisions oj  the  Pacific  slope — Continued 


Division 

Portion  of  total  seasonal  net  irrigation  required  in— 

Sea- 
sonal 

Divi- 
sion 
No. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

net 
irriga- 
tion 
re- 
quire- 
ment 
per 
acre 

5 

California— Continued. 
Pit  River  drainage 
basin 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Per- 
cent 
3 

2 

5 

Per- 
cent 
14 

15 
16 

8 

15 
18 

12 
17 

16 

17 
16 

12 

13 
13 

Per- 
cent 
24 

20 
20 

22 

20 
20 

16 
18 

18 

18 
18 

14 

15 
14 

Per- 
cent 
26 

22 
22 

30 

15 
20 

20 
18 

18 

18 
20 

15 

16 
15 

Per- 
cent 
21 

20 
20 

25 

15 
16 

16 
15 

16 

15 
18 

14 

15 
14 

Per- 
cent 
12 

13 
12 

15 

14 
10 

13 
10 

11 

10 
10 

12 

13 
13 

Per- 
cent 

Per- 
cent 

Per- 
cent 

Acre- 
feet 
1.60 

6 

Feather,  Yuba,  and 
American     River 
Basins 

2 

1 

5 
4 

1 

1.50 

7 

Sacramento  Valley .. 

2.10 

8 

Sacramento-San 

2.00 

« 

San  Francisco  Bay 
Basin... 

4 
2 

2 

5 

3 

5 
3 

3 

3 
3 

6 
12 

5 
11 

10 

11 
10 

7 

7 
7 

9 
2 

8 
4 

6 

4 
8 

9 

8 
10 

2 

1.50 

10 

Salinas  River  Basin. 

Santa  Maria,  Santa 
Inez    and    Santa 
Clara     River 
Basins 

1.70 

11 

2 

2 
2 

1 
2 

2 

2 

1  60 

12 

San  Joaquin  Valley. 

Western  slope  of  the 
Sierras,  east  of  San 
Joaquin  Valley 

2.30 

13 

1 

1.70 

14 

Eastern  slope  of  the 
Coast  Range  west 
of    San    Joaquin 
Valley 

1.80 

15 

Antelope  and  Victor 
Valleys 

1.00 

16 

Los    Angeles,    San 
Gabriel,  and  lower 
Santa  Ana  River 
Basins 

3 

2 
2 

3 

2 
2 

5 

4 

5 

3 

2 
2 

1.70 

17 
18 

Upper    Santa   Ana 

River  Valley 

San  Diego  County.. 

1.80 
1.40 

MONTHLY     AND     SEASONAL     NET     IRRIGATION     REQUIREMENTS     OF     SEPARATE 

SUBDIVISIONS 

As  indicated  in  figure  1  and  table  5,  the  irrigable  lands  of  the 
Pacific  slope  basins  have  been  separated  into  18  subdivisions  based, 
for  the  most  part,  on  the  average  seasonal  quantity  of  delivered  irri- 
gation water  needed  for  crop  growth.  As  concerns  California  lands 
included  in  this  report,  this  subdivision  follows  somewhat  closely  the 
order  laid  down  by  a  committee  of  four  of  which  the  senior  author 
was  a  member.  The  findings  of  this  committee  were  published  by 
the  State  of  California  in  1923  (10). 

In  groupings  of  this  kind  the  primary  considerations  are  climate, 
crops  and  the  scarcity  and  value  of  water.  Aside  from  other  factors, 
lands  which  receive  annually  less  than  10  inches  of  winter  rainfall 
require  more  irrigation  water  than  those  receiving  20  inches.  Like- 
wise the  seasonal  water  requirement  of  rice  is  more  than  double  that 
of  fruit  trees.  So  too  in  localities  having  a  limited  w  ater  supply  of 
high  value  coupled  with  a  pressing  demand  for  water,  preventive 
water  wastes  are  reduced  to  a  minimum.  The  necessity  of  these  and 
other  considerations  will  become  more  apparent  by  briefly  reviewing 
the  conditions  prevalent  in  each  of  the  subdivisions. 
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DIVISION    1 

In  division  1,  which  comprises  Coos,  Curry,  Douglas  Counties,  and 
part  of  Josephine  County,  Oreg.,  the  annual  precipitation  varies 
from  35  to  85  inches  and  there  would  be  no  need  for  supplemental 
irrigation  if  the  precipitation  were  more  evenly  distributed.  The 
dry  summer  season  which  prevails  farther  south  extends  into  this  sec- 
tion and  no  matter  how  moist  the  soil  may  be  at  planting,  certain 
crops  produce  better  yields  when  watered  artificially.  At  present 
less  than  1  percent  of  the  land  is  irrigated  but  as  farming  is  extended 
this  percentage  is  likely  to  increase.  By  reason  of  the  heavy  winter 
rainfall  and  the  short  duration  of  the  irrigation  season,  it  is  believed 
that  an  average  seasonal  allotment  of  0.85  acre-foot  of  water  per 
acre  will  suffice  for  the  needs  of  crops  grown  in  this  locality,  this 
quantity  to  be  used  chiefly  during  the  months  of  July  and  August. 

DIVISION   2 

The  area  included  in  this  small  division  is  contained  in  Jackson 
and  Josephine  Counties  of  Oregon  located  in  the  central  part  of  the 
Rogue  River  Basin.  The  normal  annual  precipitation  at  Medford, 
the  county  seat  of  Jackson  County,  is  18.08  inches.  The  normal 
precipitation  at  Grants  Pass,  the  county  seat  of  Josephine  County,  is 
29.59  inches.  Little  rain  falls  at  either  station  during  the  crop-grow- 
ing season  and  such  crops  as  alfalfa  and  deciduous  fruit  require 
supplemental  irrigation  for  their  proper  development.  The  elevation 
of  the  irrigable  area  ranges  from  1,000  to  1,500  feet  and  the  soils 
range  from  porous  agate  gravelly  loam,  through  the  sandy  loams,  to 
the  impervious  Olympic  clay  adobe. 

The  crops  grown  may  be  roughly  classified  into  three  groups  of 
nearly  equal  acreage:  (1)  Forage  crops,  including  alfalfa;  (2)  decidu- 
ous orchards  and  vegetables;  and  (3)  cereals.  The  average  net 
seasonal  irrigation  requirement  of  the  division  is  fixed  at  1.5  acre-feet 
per  acre  with  a  monthly  apportionment,  as  given  in  table  5,  based  on 
partial  control  of  flood  flow  by  storage. 

DIVISION   3 

The  uTigable  areas  of  the  upper  Klamath  Basin  are  located  chiefly 
in  Klamath  County,  Oreg.,  and  Siskiyou  and  Modoc  Counties,  Calif. 
The  Federal  Government  has  established  an  irrigation  project  in  this 
area  covering  176,517  acres  at  a  cost  for  construction  of  $5,751,764  {2/i) . 
The  engineering  works  include  956,000  acre-feet  of  storage  capacity, 
224  miles  of  open  drains,  and  several  hundred  miles  of  main  and 
secondary  canals. 

The  average  elevation  of  the  irrigable  area  is  4,100  feet  above  sea 
level,  the  climate  is  arid  and  the  length  of  the  irrigation  season  seldom 
exceeds  130  days.  The  principal  crop  raised  is  alfalfa,  while  small 
grains  rank  second  with  a  relatively  small  acreage  in  potatoes  and 
other  vegetables,  the  average  seasonal  crop  values  averaging  about 
$40  an  acre. 

The  average  net  seasonal  use  of  water  before  drainage  systems  were 
installed  was  low,  chiefly  because  of  a  high  water  table  over  much  of 
the  area.  With  the  completion  of  drainage  channels  and  the  lowering 
of  the  ground  water,  the  irrigation  requirements  will  be  greater  and 
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an  average  of  2  acre-feet  per  acre  per  season  has  been  allocated  to  the 
irrigable  lands  in  anticipation  of  efficient  drainage  protection. 

DIVISION   4 

Division  4  extends  from  the  southern  limits  of  southwestern  Oregon 
along  the  north  coast  in  California  as  far  south  as  the  basin  of  San 
Francisco  Bay  and  includes  the  lower  Klamath  Basin,  the  Eel  and 
Russian  River  Basins,  and  other  smaller  basins.  Thus  far  irrigation 
has  not  been  practiced  extensively  in  this  section,  mainly  because  of 
the  relatively  high  rainfall  and  the  prevalence  of  fogs  near  the  coast. 
The  average  precipitation  is  greater  than  that  of  Iowa  and,  if  it  were 
as  favorably  distributed  for  crop  production,  there  would  be  little  or 
no  need  for  a  supplemental  supply.  The  rains  occur,  however,  prin- 
cipally in  the  colder  season,  and  as  more  farms  are  established  and 
more  intensive  farming  practiced,  the  need  for  irrigation  will  increase. 
About  300,000  acres  of  arable  land  may  be  irrigated  when  economic 
conditions  justify  the  expenditure  of  providing  a  water  supply. 
Water  is  abundant  and  the  cost  of  irrigation  works  would  be  moderate, 
but  the  conditions  do  not  warrant  large  expenditures  in  providing 
impervious  channels  to  convey  water.  Accordingly  a  rather  liberal 
allowance  has  been  made  in  allotting  irrigation  water,  the  average 
being  placed  at  1.4  acre-feet  per  acre. 

DIVISION   5 

Scattered  over  a  wide  expanse  of  mountainous  and  un tillable  land 
in  northeastern  California  are  to  be  found  irrigable  stream  valley 
lands  and  old  lake  beds  at  elevations  of  2,000  to  5,000  feet.  This 
district  extends  from  the  Klamath  River  Basin  on  the  west  to  the 
Nevada  State  line  on  the  east,  and  as  far  south  as  the  foothills  of  the 
Sacramento  River  Basin.  It  includes  the  headwaters  of  such  streams 
as  the  Sacramento,  Pit,  McCloud,  and  Fall. 

In  1929  approximately  150,000  acres  were  irrigated  in  a  crude 
fashion  and  any  substantial  increase  in  irrigated  land  will  involve 
storage  of  part  of  the  winter  rains.  Most  of  the  arable  land  receives 
an  annual  precipitation  insufficient  for  satisfactory  dry-land  crops, 
and  a  larger  utilization  of  the  agricultural  resources  depends  on  irriga- 
tion. Successful  irrigation,  in  turn  depends  on  better  control  of  the 
flood  waters  and  more  economical  use  of  water.  Conditions  in  this 
division  resemble  those  of  division  4  in  that  a  strict  adherence  to  the 
water  requirement  of  the  crops  grown  in  allotting  water  for  irrigation 
would  injuriously  affect  the  growers. 

The  growing  season  is  short  and  the  crops  that  can  be  raised  suc- 
cessfully are  confined  mainly  to  forage  and  cereals.  The  returns  from 
these  are  small  and  farmers  cannot  afford  to  expend  much  money  or 
labor  in  lessening  preventive  waste  of  water.  Besides,  much  of  the 
waste  water  returns  to  stream  channels  and  is  subject  to  reuse.  For 
the  reasons  given,  the  irrigation  requirement  has  been  estimated  at 
1.6  acre-feet  per  acre,  although  this  is  more  than  the  crops  require 
when  precipitation  is  included. 

DIVISION   6 

Division  6  includes  all  of  the  irrigable  lands  located  in  that  part  of 
the  Sacramento  River  Basin  above  the  valley  floor  along  the  Sierra 
foothills  and  as  far  north  as  division  5.     For  the  most  part  its  physical 
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conditions  are  well  adapted  to  fruit  raising,  with  some  citrus  and  the 
less  hardy  deciduous  fruit  trees  at  the  lower,  and  the  hardier  deciduous 
trees  at  the  higher  elevations. 

The  chief  obstacle  to  future  irrigation  development  under  com- 
munity enterprises  lies  in  the  fact  that  the  tracts  of  irrigable  lands 
are  relatively  small  and  widely  scattered.  They  are  also  more  or  less 
cut  up  by  ridges  and  ravines  and  frequently  are  covered  with  brush 
and  dwarf  oak  at  the  lower  elevations  and  with  pines  and  firs  at  the 
higher.  Moreover,  there  are  usually  large  blocks  of  nontillable  land 
surrounding  each  parcel  of  irrigable  land,  causing  added  expense  in 
providing  water. 

The  climate,  especially  the  rainfall,  is  so  varied  as  to  cause  corre- 
sponding variations  in  irrigation  requirements.  A  net  seasonal 
quantity  of  1  acre-foot  per  acre  is  as  adequate  in  some  parts  as 
2  acre-feet  per  acre  are  in  others.  Accordingly,  the  average  has  been 
estimated  to  be  1.5  acre-feet  per  acre. 

DIVISION    7 

The  floor  of  Sacramento  Valley,  including  the  low  foothill  areas^ 
comprises  an  area  of  over  3,000,000  acres  of  farming  lands  of  which 
about  85  percent  is  irrigable.  The  water  supply,  if  properly  con- 
trolled and  equitably  allotted,  is  ample  for  the  needs  of  the  crops 
which  may  be  grown,  there  being  in  years  of  normal  run-off  6  to  7 
acre-feet  for  each  irrigable  acre. 

Rice  growing  on  a  commercial  scale  began  in  this  valley  in  1912  and 
reached  its  maximum  in  1920,  when  162,000  acres  were  devoted  to 
this  crop.  For  the  past  decade  acreage,  returns,  and  profits  have 
decreased. 

In  estimating  the  irrigation  requirement  of  Sacramento  Valley  lands,, 
the  custom  has  been  to  place  it  high  enough  to  allow  for  the  high 
seasonal  use  required  by  rice.  In  the  judgment  of  the  authors  toa 
large  an  allowance  has  been  made  for  this  purpose.  While  limited 
areas  of  heavy  adobe  soils  in  certain  localities  are  well  adapted  to  the 
production  of  rice,  it  is  questionable  if  the  area  devoted  to  this  crop 
will  be  much  extended  in  the  future.  As  progress  is  made  in  irrigation 
and  as  the  value  of  water  increases,  it  will  be  found  unprofitable  to 
use  7  to  10  acre-feet  per  acre  in  growing  rice  on  fertile  loam  soils, 
when  much  larger  returns  can  be  had  by  using  the  same  quantity  of 
water  on  3  or  more  acres  planted  to  more  profitable  crops.  Largely 
for  this  reason  the  average  irrigation  requirement  of  the  Sacramento 
Valley  lands  has  been  placed  at  2.1  acre-feet  per  acre. 

DIVISION   8 

Division  8  includes  the  deltaic  area  of  about  421,000  acres  formed 
at  the  confluence  of  the  San  Joaquin  and  Sacramento  Rivers  in  Cali- 
fornia. The  central  part  of  this  area,  comprising  about  43  percent 
of  the  total,  is  a  peat  formation  composed  chiefly  of  decayed  organic 
matter  with  its  surface  slightly  below  tide  level.  The  balance  is  a 
sedimentary  formation  composed  of  river  sediment  and  organic 
matter  with  its  surface  slightly  above  sea  level.  Both  formations 
are  subdivided  into  100  or  more  tracts  by  natural  sloughs,  old  river 
channels,  artificial  channels,  and  levees.  The  moisture  content  of  the 
root  zone  is  regulated  and  maintained  by  a  proper  control  of  the 
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ground-water  level.  The  object  in  applying  water  in  irrigation  is  to 
raise  the  ground-water  level  rather  than  to  wet  the  surface  since  sub- 
irrigation  methods  are  employed  throughout.  Under  such  methods 
irrigation  and  drainage  svstems  are  closely  combined,  the  first  being 
used  to  raise  the  ground-water  level  and  the  second  to  lower  it  in 
order  to  adjust  the  moisture  content  to  the  requirements  of  the  plants, 
grown  and  their  stages  of  growth. 

Experunents  carried  on  by  the  Bureau  of  Agricultural  Engineering 
in  cooperation  with  State  agencies  for  several  years  point  to  the  con- 
clusion that  the  average  seasonal  irrigation  requirement  of  this  area 
is  2  acre-feet  per  acre. 

DIVISION    9 

Included  in  division  9  are  the  irrigable  lands  of  the  San  Francisco 
Bay  Basin,  exclusive  of  the  Sacramento-San  Joaquin  delta  lands.  The 
yearly  rainfall,  which  occurs  mainly  during  the  colder  months,  ranges 
from  about  15  to  25  inches  over  the  arable  portion,  with  considerably 
larger  amounts  at  higher  elevations  of  the  Coast  Range.  Compared 
with  the  Sacramento  Valley,  which  has  as  high  an  annual  rainfall^ 
the  irrigation  requirement  is  lower  by  reason  of  much  lower  summer 
temperatures,  the  presence  of  fogs,  and  less  evaporation.  The  unirri- 
gated  arable  areas  are  devoted  mainly  to  small  grains  cut  for  hay  and 
the  irrigated  areas  to  fruits,  nuts,  grapes,  and  vegetables.  As  irri- 
gation IS  extended,  more  of  the  dry-farmed  lands,  which  now  raise 
grain  for  fodder,  will  be  converted  into  irrigated  fruit  orchards,  vine- 
yards, and  vegetable  farms.  The  irrigation  requirement  is  medium 
or  low  for  all  three  classes  of  products,  and  it  is  believed  that  an  aver- 
age irrigation  requirement  of  1.5  acre-feet  per  acre  wdll  suffice  for  the 
entire  division. 

DIVISION    10 

The  irrigable  lands  of  the  Salinas  River  Basin  and  other  smaller 
contiguous  valleys  are  included  in  division  10. 

The  climate  is  similar  to  that  of  the  San  Francisco  Bay  Basin  but 
with  less  rain,  more  evaporation,  and  a  higher  wind  movement.  The 
average  annual  rainfall  over  the  irrigated  portion  is  slightly  below 
15  inches,  with  trade  winds  entering  the  valley  from  Monterey  Bay, 
thus  increasing  the  evaporation. 

The  crops,  dry-farmed  and  irrigated  in  the  order  of  acreage,  are 
small  grains  cut  for  hay,  alfalfa,  barley  and  wheat  harvested  for 
grain,  beans,  sugarbeets,  lettuce,  deciduous  fruits  and  grapes. 

Only  about  30  percent  of  the  arable  lands  are  irrigated  and  the 
irrigation  requirement  of  the  future  will  depend  to  a  considerable 
extent  on  the  crops  grown.  In  anticipation  of  a  relatively  larger 
acreage  being  devoted  to  alfalfa  in  the  near  future,  the  average  net 
seasonal  irrigation  requirement  has  been  placed  at  1.7  acre-feet  per 
acre. 

DIVISION    11 

Division  1 1  includes  the  irrigable  lands  of  the  counties  of  San  Luis 
Obispo,  Santa  Barbara,  and  Ventura,  located  between  the  summit  of 
the  Coast  Range  and  the  Pacific  Ocean.  Coastal  plains  constitute 
the  greater  part  of  the  irrigable  area.  The  normal  rainfall  along  the 
coast  varies  from  16  inches  at  Ventura  to  21  inches  at  San  Luis  Obispo 
with  moderate  temperatures  throughout  the  year.    The  larger  part 
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of  the  arable  area  is  farmed  dry,  bringing  in  small  seasonal  returns 
from  small  grains  harvested  for  grain  or  cut  for  hay.  Beans,  small 
grains  cut  for  hay,  and  fruit  are  extensivel}^  gro^VTi  in  Santa  Barbara 
and  Ventura  Counties.  Conditions  throughout  all  three  counties  are 
favorable  for  the  production  of  orchard  fruits  and  grapes.  The  com- 
bination of  scarcity  of  water  and  high  water  requirement  of  alfalfa  are 
likel}'  to  limit  the  production  of  alfalfa.  A  bean  crop,  on  the  other 
hand,  has  a  low  water  requirement,  and  conditions  being  favorable  for 
its  growth  it  is  reasonably  certain  to  continue  to  be  a  leading  soil 
product.  Orchard  fruits,  sugar  beets,  and  vegetables  require  medium 
quantities  of  water. 

Assuming,  therefore,  that  alfalfa  does  not  exceed  a  third  or  fourth 
rank  in  irrigated  acreage,  an  average  irrigation  requirement  of  1.6 
acre-feet  per  acre  for  the  division  would  supply  enough  water  to 
nourish  the  crops  likely  to  be  produced. 

DIVISION    12 

San  Joaquin  Valley  contains  the  largest  single  body  of  arable  land 
considered  in  this  report.  The  percentage  which  can  be  irrigated 
depends  on  factors  difficult  of  determination.  As  stated  elsewhere, 
the  normal  run-off,  if  controlled  and  evenly  distributed  over  the  net 
irrigable  land,  would  give  to  each  acre  a  gross  quantity  of  about  2.1 
acre-feet  annually.  It  is  not  feasible,  however,  to  utilize  all  the  run- 
off for  lack  of  storage  sites  and  other  reasons.  High  evaporation 
losses  from  both  soil  and  water  in  addition  to  those  which  occur  in 
transmission  of  large  quantities  of  water  over  long  distances  will 
reduce  considerably^  the  gross  quantity  available.  The  net  seasonal 
irrigation  requirement  is  estimated  to  be  2.3  acre-feet  per  acre,  and 
unless  large  quantities  of  the  excess  waters  of  the  Sacramento  River 
Basin  are  transported  to  the  arable  lands  of  the  San  Joaquin  Valley, 
a  large  percentage  of  the  latter  cannot  be  irrigated. 

In  a  report  issued  by  the  Department  of  Public  Works  of  the  State 
of  California  in  1923  (10)  the  average  irrigation  requirement  of  the 
arable  lands  of  the  San  Joaquin  Valley  was  estimated  to  be  2  acre- 
feet  per  acre  and  that  of  the  Sacramento  Valley  2.25  acre-feet  per  acre. 

Aside  from  the  question  of  variation  in  the  water  requirement  of 
crops,  the  southern  portion  of  the  great  central  plain  is  more  arid 
than  the  northern,  with  a  somewhat  greater  evaporation.  In  general 
terms  the  southern  portion  receives  a  normal  rainfall  of  10  inches  per 
annum  and  the  northern  20  inches. 

In  1929  the  San  Joaquin  Valley  produced  44  percent  of  the  alfalfa 
grown  in  California.  It  requires  about  3  acre-feet  per  acre  per  season 
for  alfalfa  in  this  locality  and  as  long  as  sufficient  water  is  available, 
this  crop  is  reasonably  certain  to  continue  to  occupy  a  prominent 
place  in  crop  production. 

The  average  net  use  of  water  for  the  entire  valley  has  accordingly 
been  estimated  to  be  2.3  acre-feet  per  acre  in  order  to  continue,  if 
desirable,  the  present  relative  acreages  in  the  crops  and  types  of 
farming  which  have  been  established. 

DIVISION    13 

The  arable  lands  located  on  the  western  slope  of  the  Sierras  east 
of  San  Joaquin  Valley,  and  also  those  on  the  northern  slope  of  the 
Tehachapi  Mountains,  are  in  relatively  small  detached  areas  difficult 
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to  reclaim  by  iriij^iitioii  and  kicking  in  transportation  facilities.  These 
obstacles  might  be  overcome  if  the  water  supply  were  more  abundant, 
but  with  a  water  shortage  for  lower  and  smoother  lands  more  favorably 
located  in  the  floor  of  the  San  Joaquin  Valley,  it  is  not  likely  that  foot- 
hill irrigation  will  ever  attain  large  proportions.  The  locaUty  is  well 
adapted  to  the  raising  of  fruit  and  this  product  bids  fair  to  continue 
the  lead  it  has  attained. 

On  this  basis  the  average  irrigation  requirement  for  division  13  has 
been  estimated  to  be  1.7  acre-feet  per  acre. 

DIVISION    14 

Division  14  includes  the  eastern  slope  of  the  Coast  Range  foothills 
locflted  west  of  San  Joaquin  Valley.  Compared  with  the  Sierra  foot- 
hills, located  east  of  the  same  valley,  the  arable  lands  are  in  larger 
units  with  more  uniform  surface  relief  but  water  is  more  scarce  and 
the  climate  more  arid.  For  the  limited  area  which  can  be  irrigated 
the  net  duty  of  water  is  estimated  to  be  1.8  acre-feet  per  acre. 

DIVISION    15 

Division  15  includes  Antelope  and  Victor  Valleys,  wliich  form  a 
small  part  of  the  Mohave  Desert.  Both  summer  temperature  and 
rate  of  evaporation  are  high.  It  is  a  locality  in  which  2.5  acre-feet 
of  water  per  acre  could  be  profitably  applied  in  growing  alfalfa, 
deciduous  fruits,  vegetables,  and  other  crops,  but  owing  to  the  extreme 
scarcity  of  water,  experience  has  demonstrated  that  since  2  acres  of 
orchards  require  no  more  water  than  1  acre  of  alfalfa,  greater  profits 
can  be  made  by  using  the  limited  water  supply  to  raise  crops  which 
have  a  medium  to  low  water  requirement. 

Accordingly,  the  average  irrigation  requirement  of  this  locality  has 
been  pkced  at  1.9  acre-feet  per  acre  on  the  assumption  that  the 
greater  part  of  the  acreage  irrigated  would  be  devoted  to  apples, 
apricots,  peaches,  pears,  and  other  deciduous  fruits. 

DIVISION   16 

The  highly  developed  fruit-producing  area  in  Los  Angeles  and 
Orange  Counties,  the  western  portion  of  Riverside  County,  and  the 
southwestern  portion  of  San  Bernardino  County  has  been  separated 
into  two  divisions,  mainly  because  of  the  influence  of  the  coastal 
climate  on  irrigation  requirements.  Division  16  includes  the  irrigable 
lands  of  Los  ijigeles  and  Orange  Counties,  in  which  citrus  fruits  and 
walnuts  are  the  chief  soil  products.  The  normal  annual  rainfall  is 
slightly  below  15  inches,  with  a  wide  range  between  the  minimum  of 
drv  years  and  the  maximum  of  wet  years. 

t)ue  to  the  underground  source  of  water  supply  of  much  of  this 
area  and  the  attendant  charges  for  pumping  for  irrigation,  water  is 
used  sparingly  and  without  waste.  Irrigation  records  kept  by  a  num- 
ber of  orchardists  through  a  period  of  years  indicate  that  walnuts 
are  given  sHghtly  more  water  than  citrus  and  that  1.7  acre-feet  per 
acre  is  a  near  approach  to  the  average  irrigation  requirement  of  the 
division. 

DIVISION   17 

The  irrigable  lands  in  the  western  portion  of  Riverside  and  the 
southwestern  portion  of  San  Bernardino  Counties  are  included  in 
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division  17.     The  irrigated  area  is  devoted  chiefly  to  citrus  fruit, 
grapes,  and  alfalfa  production. 

The  normal  rainfall  is  about  equal  to  that  of  Orange  and  Los 
Angeles  Counties,  but  being  farther  inland  summer  temperatures  are 
higher,  humidity  lower,  fogs  rare,  and  evaporation  and  transpiration 
higher.  The  low  water  requirement  of  grapes  would  offset  to  some 
extent  the  high  water  requirement  of  alfalfa.  For  all  irrigated  crops 
the  average  irrigation  requirement  is  estimated  to  be  1.8  acre-feet 
per  acre. 

DIVISION    18 

Division  18  comprises  the  irrigable  lands  of  San  Diego  County. 
Here  the  rainfall  and  water  supply  for  irrigation  are  so  scanty  as  to 
cause  a  limitation  in  alfalfa  acreage  and  an  increase  in  orchard  fruits, 
grapes,  and  beans.  It  is  one  of  those  localities  in  which  nearly  double 
the  quantity  of  water  usually  allotted  could  be  profitably  applied  were 
it  available,  but,  owing  to  its  scarcity,  landowners  aim  to  raise  those 
crops  which  can  be  produced  with  the  least  quantity  of  water,  pro- 
vided the  profits  are  satisfactory. 

The  climate  and  soil  are  well  adapted  to  beans  and  their  low  water 
requirement  tends  to  lower  the  average.  Conditions  are  likewise 
favorable  for  the  production  of  citrus  fruits  of  high  quahty  on  a 
profitable  scale,  provided  the  fertility  of  the  soil  is  maintained  by  the 
growing  of  cover  crops  between  the  tree  rows. 

To  produce  a  fruit  crop  and  at  the  same  time  provide  water  for  a 
cover  crop  would  require  at  least  1.5  acre-feet  per  acre.  On  the 
assumption  that  the  leading  irrigated  crops  will  be  orchard  fruits, 
beans,  and  grapes,  the  average  irrigation  requirement  is  estimated  to- 
be  1.4  acre-feet  per  acre. 
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APPENDIX 

IRRIGATION  WATER  APPLIED,  RAINFALL,  AND  CROP  YIELDS  IN  OREGON   AND 

CALIFORNIA 

Table  b. — Irrigation  water  applied^  rainfall  and  crop  yields  in  the  Rogue  River 

Valley,  Oreg} 

CORN 


Year 

Soil 

Irriga- 
tions 

Monthily  application  of  water 

Quantity  of  water 
received  by  crop 

Yield 
per 

acre 

Liter- 
ature 
cited 

Mar. 

Apr. 
Feet 

May 

June 

July 

Aug. 

Irriga- 
tion 

Rain- 
fall 2 

Total 

1916 

Fine  sandy  loara_ 

Num- 
ber 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0.48 

.28 

.16 

Feet 

0.63 

.59 

.62 

Feet 
1.11 

.87 
.78 

Bush. 
55.5 
43.2 
43.6 

Refer- 
ence 
no. 
25 

1916 

do 

95 

1916 

do 

9.5 

SUGAR  BEETS 


1916 

Silty  clay  loam 

1.21 
.85 
.17 

2.21 
.88 
.60 

0.33 
.33 
.33 
.33 

.37 
.51 

L54 
1.18 
.50 
2.54 
L25 
1.01 

Tons 
36.2 
37.3 
28.4 
12.4 
12.0 
11.2 

«5 

1916 

do 

25 

1916 

do 

25 

1916 

Fine  sandy  loam__ 

25 

1916 

do 

25 

1916 

do    . 

25 

k%  1  Plot  experiments  with  corn  and  sugar  beets  in  this  table  were  conducted  under  a  cooperative  agreement 
between  the  Oregon  Agricultural  College  Experiment  Station  and  the  office  of  Public  Roads  and  Rural 
Engineering,  U.S.  Department  of  Agriculture.  Plot  experiments  with  alfalfa  were  conducted  by  the  Ore- 
gon Agricultural  College  Experiment  Station  without  cooperation.  Plot  experiments  with  pears  were 
made  under  a  cooperative  agreement  between  the  Bureau  of  Agricultural  Engineering,  U.S.  Department  of 
Agriculture  and  the  Oregon  Agricultural  College  Experiment  Station. 
2  Rainfall  during  growing  season. 
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Table  6. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Rogue  River 

Vauey,  Oreg. — Continued 


ALFALFA 


Year 

Soil 

Irriga- 
tions 

Monthly  application  of  water 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Liter- 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Irriga- 
tion 

Rain- 
fall* 

Total 

ature 
cited 

Clay  adobe  . 

Num- 
ber 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 
0.00 
.42 
1.00 
1.12 
1.00 
.00 
.42 
.83 
1.25 
.83 

Feet 
0.48 
.48 
.48 
.48 
.48 
.21 
.21 
.21 
.21 
.21 

Feet 
0.48 
.90 
1.48 
1.60 
1.48 
.21 
.63 
1.04 
1.46 
1.04 

Tons 
3.18 
4.63 
5.09 
4.35 

»3.39 
1.36 
1.91 
2.22 
1.92 

»2. 13 

1020 

Feet 

Refer- 
ence 
no. 

rt 

19W 

do 

VT 

1920 

do 

vr 

1920 

.do    

rr 

19?n 

do 

fi 

1921 
1921 

do 

do          ... 



rr 

27 

107T 

do 

rr 

10?1 

do 

rr 

1021 

do 

rr 



PEARS  «» 


1930 

Silty  clay  loam 

do 

do 

do 

Clay  adobe 

do 

do 

do 

Silty  clay  loam 

do 

do 

do 

Clay  adobe 

do 

do 

do 

Silty  clay  loam 

do 

do 

do 

Clay  adobe 

do 

do 

do 

do 

do 

do 

do 

0.26 
.29 

0.28 
.30 

0.58 
.33 
.79 
.51 
.33 
.36 
.48 

".'34' 

1.12     0 

.92 

.79 

.61 
1.18 

.64 

.48 

.39 
1.00 

.89 

.63 

.48 
1.61 

.82 

.67 

.35 

.96 

.79 

.60 

.46 
2.02 
1.09 

.90 

.32 
1.60 
1.03 

.73 

.64 

34 
34 
34 
34 
34 
34 
34 
34 
69 
59 
69 
59 
59 
59 
59 
69 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 

1.46 
1.26 
1.13 
.85 
1.52 
.98 
.82 
.73 
1.59 
1.48 
1.22 
1.07 
2.20 
1.41 
1.16 
.94 
1.64 
1.47 
1.28 
1.13 
2.70 
1.77 
1.58 
1.00 
2.28 
1.71 
1.41 
1.22 

Pounds 
29,316 
20,104 
23,758 
22,078 
20,708 
17,348 
12.133 
13,743 
14,952 
13,804 
9,170 
li,22i 
13,965 
10,780 
8,675 
5.180 
23,300 
16,280 
21,500 
15,850 
19,860 
17,800 
12,880 
13,600 
24,260 
21,400 
18,560 
14,520 

1030 

1030 
1030 

1030 

.20 

.31 
.28 

1930 

1930 

1930 

.39 
.40 
.27 
.27 
.48 
.38 
.34 
.26 
.36 
.18 

1081 

0.22 

a  15 

.62 

.23 
"*.'36' 

1031 

1031 

1031 

1031 
1031 
1031 
1031 

.46 
.26 
.31 

.41 

.36 
.22 

1032 
193? 

.11 

.12 

.55 
.79 
.60 
.46 

1032 

1032 

193? 

1032 

1032 

103? 

1032 
1032 

.13 

.13 

.27 

.63 
.64 
.31 

.64 
.49 

".'54' 

1032 
1032 

.14 

.11 

.17 

»  This  crop  fertilized  with  10  tons  of  manure  per  acre. 

*  Computed  on  a  basis  of  70  trees  per  acre.    Trees  16  to  27  years  old. 

*  Information  furnished  by  M.  R.  Lewis,  agricultural  engineer,  Oregon  Agricultural  Experiment  Station. 


48         TECHNICAL  BULLETIN  379,  U.S.  DEPT.  OF  AGRICULTURE 

Table  7. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Klamath  Basin, 

Oreg.^ 

ALFALFA 


Soil 

Quantity  of  water  received  by 
crop 

Yield 
per  acre 

Litera- 

Year 

Irriga- 
tion 

Rainfall 
and  soil 
moisture 

Total 

ture 
cited 

1917 

Sfindy  loani 

Feet 
1.25 
1.02 

.83 
1.53 
1.14 

.65 
1.29 

.88 

.50 

Feet 
0.10 
.10 
.10 
.05 
.05 
.05 
.05 
.05 
.05 

Feet 
1.35 
1.12 

.93 
1.68 
1.19 

.70 
1.34 

.93 

.55 

Tons 
4.32 
3.84 
2.70 
2.05 
1.18 
.88 
4.98 
4.68 
4.36 

Reference 
no. 
«7 

1917 

do                .         

27 

1917 
1919 

do - 

Clay  loam 

i7 

1919 

do 

h 

1919 

do- , 

27 

1919 

Randy  lonm „ , .     , 

27 

1919 

do     

27 

1919 

do 

27 

ALSIKE  AND  TIMOTHY 

1917 

Deep  peat . . 

0. 64            0. 97 
.52              .00 
.80             .36 

1.61 
.52 
1.16 

3.40 
1.07 
3.71 

26 

1918 

Mfidinrnpeat,      , 

28 

1919 

do. 

26 

SUGAR  BEETS 


1917    Deep  peat. 


0. 28  0. 97 


1.25 


12.0 


26 


GRAIN  HAY 

1918 

Medium  peat 

0.45 
.92 
.62 
.45 

0 

1.23 
.74 
.40 

0.45 
2.15 
1.36 
.86 

1.07 
.86 
.94 

1.07 

28 

1919 
1919 
1919 

do 

do 

do 

26 
28 
26 

1  Plot  experiments  with  sugar  beets,  alsike  and  timothy,  and  grain  hay  were  conducted  under  a  coopera- 
tive agreement  between  the  U.S.  Department  of  Agriculture  and  the  Oregon  Agricultural  College  Experi- 
ment Station.  Plot  experiments  with  alfalfa  were  carried  on  by  the  Oregon  Agricultural  College  Experi- 
ment Station. 

Table  8. — Irrigation   water  applied,  rainfall,  and  crop  yields  in  the  Goose  Lake 

Valley,  Oreg.^ 

RUTABAGAS 


Year 


soil 


Quantity  of  water  received 
by  crop 


Irriga- 
tion 


Rainfall 


Total 


Yield  per 
acre 


Litera- 
ture cited 


1916 
1915 


Clay  loam. 
do 


Feet 
0.80 
.00 


Foot 
0.35 
.35 


Feet 
1.15 
.36 


Tons 
4.9 
1.8 


Reference 
no, 

25 
25 


BEETS 

1916 

Clay  loam... 

0.95 

0.36 
.35 

1.30 
.35 

6.5 
2.3 

25 

1916 

do 

.00 

26 

1 

»  These  plot  experiments  were  conducted  under  a  cooperative  agreement  between  the  Oregon  Agricultural 
College  Experiment  Station  and  the  Office  of  Public  Roads  and  Rural  Engineering,  U.S.  Department  of 
Agriculture. 
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Table  8. — Irrigation  water  apvlied,  rainfall,  and  crop  yields  in  the  Goose  Lake 

Valley,  Oreg. — Continued 


POTATOES 


Year 

Soil 

Quantity  of  water  received 
by  crop 

Yield  per 
acre 

Litera- 

Irriga- 
tion 

RainfaU 

Total 

ture  cited 

1915 

Feet 
0.62 
.42 
.00 

Foot 
0.35 
.35 
.35 

Feet 
0.97 
.77 
.35 

Bushels 
27.3 
108.6 
75.0 

Reference 
no. 

1915 
1915 

do 

do 

ts 
ts 

WHEAT 


ts 

1915 

Medium  sand  and  gravel 

1.33 

0.35 

1.68 

34.4 

ts 

1915 

do 

.78 

.35 

1.13 

25.8 

ts 

1915 

do 

.46 

.35 

.81 

20.2 

ts 

1916 

do 

.00 

.35 

.35 

12.3 

OATS 


1915 
1915 
1915 


Medium  sand 

—.do 

.—do 


0.77 

0.35 

M2 

46.4 

.62 

.35 

.97 

44.0 

.00 

.35 

.36 

14.5 

BARLEY 


1915 
1915 
1915 


Medium  sand 0. 57 

-.-do .50 

.—do .00 


0.35 
.35 
.35 


0.92 

.85 
.35 


56.6 
42.1 
17.2 


Table  9. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Sacramento 

Valley,  Calif. ^ 

alfalfa 


Year 


Sou 


Quantity  of  water 

Area  irri- 
gated 

Irri- 
tions 

received  by 

crop 

Yield 
per 
acre 

Irriga- 
tion 

Rain- 
fall 

Total 

Num- 

Acres 

ber 

Feet 

Feet 

Feet 

Tons 

16.6 

10 

15.08 

1.72 

16.80 

6.00 

20.1 

9 

7.90 

1.72 

9.62 

4.38 

12.2 

8 

4.78 

1.72 

6.50 

6.07 

9.6 

10 

2.64 

1.72 

4.36 

6.43 

9.5 

13 

3.34 

1.72 

5.06 

4.03 

Plot 

0 

0 

.36 

.36 

3.85 

Plot 

2 

I.  00 

.36 

1.36 

4.75 

Plot 

4 

2.00 

.36 

2.36 

6.00 

Plot 

4 

2.50 

.36 

2.86 

7.53 

Plot 

4 

3.00 

.36 

3.36 

7.58 

Plot 

4 

4.00 

.36 

4.36 

8.45 

Plot 

0 

0 

1.76 

1.76 

6.02 

Plot 

2 

1.00 

1.76 

2.76 

7.52 

Plot 

4 

2.00 

1.76 

3.76 

8.38 

Plot 

4 

2.50 

1.76 

4.26- 

9.61 

Plot 

4 

3.00 

1.76 

4.76 

9.33 

Plot 

4 

4.00 

1.76 

5.76 

9.64 

Plot 

0 

0 

.76 

.76 

5.52 

Litera- 
ture 
cited 


1906 

Gravelly 

1906 

Gravelly  loam 

1906 

do 

1906 

Clay  loam 

1906 

--..do 

1910 

Yolo  loam . .  . 

1910 

do 

1910 

do 

1910 

do.- 

1910 

do 

1910 

do 

1911 

do 

1911 

do 

1911 

do 

1911 

do 

1911 

do 

1911 

do 

1912 

do 

Refer- 
ence 
no. 

to 
to 

to 
so 
to 


1  These  experiments  were  made  under  various  cooperative  agreements  between  the  U.S.  Departmentloi 
Agriculture,  the  State  engineer  of  California,  and  the  University  of  California  Agricultural  Experimen 
Station. 
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Table  9. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Sacramento 

Valley,  Calif. — Continued 


ALFALFA— Continued 


Year 


Soil 


Area  irri- 
gated 


Irri- 
ga- 
tions 


Quantity  of  water 
received  by  crop 


Irriga- 
tion 


Rain- 
fall 


Total 


Yield 
per 

acre 


1912 
1912 
1912 
1912 
1912 
1912 
1912 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1913 
1914 
1914 
1914 
1914 
1914 
1914 
1914 
1914 


Yolo  loam. 
— .do-- 


.do. 
.do- 
.do. 


— -do-__ 

Silt,  clay  loam 

Silt  loam 

.....do 

Light  gravel  clay  loam. 

Clay  loam 

Silt  loam 

Clay  loam 

Silt  loam 

....do 


do 

.—do.- 

Clay  loam 

Silt  loam 

Silt  loam,  clay  loam... 

Silt  loam 

do 

Sandy  loam 

Silt  loam,  sandy  loam. 

.--.do 

Clay  loam 

.-.-do 

...-do 

.-..do. 

-...do 

do 


Silt  loam 

Clay  loam 

Silt  loam 

do 

do-. 

Silty  clay  loam 

do 

Silt  loam 

Fine  sandy  loam 

Silt  loam.. 

Silty  clay  loam 

Clay  loam. 

do-._ - 

Silty  clay 

Gravelly  clay  loam 

Coarse  gravel  with  silt  and  wash  loam. 

Coarse  gravel  with  loam 

Silt  loam 

Coarse  gravel  with  silt  and  wash  loam. 

Gravelly  clay  loam 

Clay  loam 

Coarse  gravel  with  silt  and  wash  loam. 

Coarse  gravel  with  loam 

Coarse  gravel  with  silt  and  wash  loam. 

Coarse  gravel  with  loam 

Silt  loam... 

Silty  clay  loam 


Acres 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

Plot 

8.97 

4.31 

10.18 

17.15 

9.21 

24.59 

13.50 

15.00 

9.13 

18.43 

14.93 

3.29 

26.40 

7.42 

27.20 

13.96 

67.29 

9.44 

17.10 

7.00 

37.59 

16.76 

17.41 

10.36 

10.01 

36.20 

12.10 

36.74 

26.64 

74.12 

19.54 

15.94 

25.63 

23.20 

37.71 

23.88 

16.65 

48.80 

28.21 

10.26 

9.49 

35.76 

76.45 

32.45 

18.61 

34.20 

8.06 

76.45 

7.75 

14.79 

18.61 

16.66 

37.00 

34,20 

19.95 


Num 
ber 
2 
3 
4 
4 
4 
4 
4 
0 
2 
3 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
4 
4 
4 
4 
4 
4 
4 
5 
4 
5 
5 
4 
5 
4 


Feet 
1.00 
1.50 
2.00 
2.50 
3.00 
4.00 
5.00 
0 

1.00 
1.50 
2.00 
2.60 
3.00 
4.00 
5.00 
4.91 
6.06 
6.01 
4.46 
7.41 
3.78 
6.09 
6.38 
5.08 
2.55 
3.42 
3.82 
4.98 
2.64 
2.37 
2.83 
2.04 
4.16 
3.93 
2.23 
3.81 
3.89 
3.70 
2.82 
2.27 
3.06 
3.15 
2.79 
2.93 
3.43 
4.40 
4.22 
2.38 
2.81 
1.30 
3.12 
3.07 
3.26 
2.14 
3.39 
3.08 
2.11 
4.73 
2.83 
4.29 
3.16 
3.91 
5.04 
4.03 
2.59 
9.69 
3.25 
7.56 
1.04 
.00 


Feet 
0.76 
76 
76 
76 
76 
76 
76 
44 
44 
44 
44 
44 
44 
44 
44 


Feet 
1.76 
2.26 
2.76 
3.26 
3.76 
4.76 
5.76 
.44 
1.44 
1.94 
2.44 
2.94 
3.44 
4.44 
5.44 
5.77 
6.92 
6.87 
5.32 
8.27 


48 
21 
67 
2.88 
5.00 
4.77 
3.07 
4.65 
4.73 
4.54 
3.26 
2.71 
3.50 
3.59 
3.23 
3.37 
3.87 
4.89 
4.71 
2.87 


1.79 
3.61 
3.56 
3.75 
2.63 
3.88 
3.57 
2.60 
5.31 
3.41 
4.87 
3.74 
4.49 
6.23 
5.22 
3.78 
10.78 
4.44 
8.75 
2.23 
1.21 


Tons 

6.51 
7.02 
8.32 
9.43 
9.38 
8.87 
10.04 
2.75 
4.31 
6.69 
6.37 
7.97 
8.22 
8.97 


7.03 
3.02 
7.86 
5.38 
3.78 
7.84 
8.10 
4.46 
5.58 
6.29 
5.84 
7.20 
6.83 
6.95 
9.38 
5.97 
7.28 
6.80 
4.19 
5.88 
5.92 
4.84 
6.13 
4.54 
5.22 
6.92 
5.61 
9.97 

2  1.72 
7.12 
5.72 
9.12 
5.52 
6.91 
4.77 
3.46 
6.69 
7.49 

2  2.55 
4.42 
7.68 
8.51 
4.17 
3.98 
4.44 
6.29 
6.40 
4.35 
5.49 
6.13 
6.87 
6.84 
6.26 
6.26 
7.17 
4.05 


» Young  alfalfa. 
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Table  9. 


■Irrigation  water  applied^  rainfall,  and  crop  yields  in  the  Sacramento 
Valley,  Calif. — Continued 


ALFALFA— Continued 


Quantity  of  water 

Year 

Soil 

Area  irri- 
gated 

Irrl- 
tfons 

received  by  crop 

Yield 
per 
acre 

Litera- 

Irriga- 
tion 

Rain- 
fall 

Total 

ture 
cited 

Refer- 

Num- 

ence 

Acres 

ber 

Feet 

Feet 

Feet 

Tons 

no. 

1914 

Silt  loam 

19.54 
10.23 

2 
0 

2.91 
.00 

1.21 
1.21 

4.12 
1.21 

6.96 
3.61 

1914 

do 

1914 

Yolo  loam 

23.20 

2 

1.59 

1.21 

2.80 

7.28 

1914 

Siltv  clay  loam. 

16.21 

0 

.00 

1.21 

1.21 

3.33 

1914 

do. 

21.60 

3 

2.03 

1.21 

3.24 

4.92 

1914 

Fine  sandy  loam... 

5.48 

1 

1.41 

1.21 

2.62 

6.12 

1914 

do.... 

11.17 

1 

1.00 

1.21 

2.21 

5.56 

1914 

Silt  loam    

24.40 
24.40 

2 
2 

1.96 
1.96 

1.21 
1.21 

3.17 
3.17 

7.81 
7.40 

1914 

do 

1914 

Clay  loam 

28.21 

2 

1.14 

1.21 

2.35 

4.28 

1914 

.....do 

10.26 

3 

2.14 

1.21 

3.35 

8.07 

1914 

do 

9.49 

3 

1.88 

1.21 

3.09 

9.11 

1914 

Silty  day  loam    . .              , .      , 

15.66 

9 

1.68 

1.  19 

2.87 

1.71 

1914 

do        .  - 

13.00 
35.06 

10 
4 

1.83 
1.28 

1.19 
1.19 

3.02 
2.47 

5.32 
3.93 

1914 

do 

1914 

do 

36.96 

6 

1.79 

1.19 

2.98 

1.63 

1914 

Silty  clay 

11.37 

4 

1.69 

1.19 

2.88 

3.75 

1914 

Clay  adobe 

3.34 

7 

1.97 

1.19 

3.16 

5.39 

1914 

Silt,  clay  loam. 

8.97 

4 

2.34 

1.54 

3.88 

6.78 

1914 

Silt  loam 

4.31 
3.06 

4 

6 

4.10 
1.42 

1.54 
1.54 

6.64 
2.96 

8.40 
4.44 

1914 

Gravelly  clay  loam 

1914 

liight  gravelly  clay  loam 

23.36 

6 

3.46 

1.54 

5.00 

4.86 

1914 

Clay  loam 

9.21 

4 

6.56 

1.54 

8.10 

6.06 

1914 

Silt  loam 

13.27 
11.32 

4 
4 

8.46 
5.55 

1.54 
1.54 

10.00 
7.09 

}  5.75 

1914 

do 

1914 

Clay  loam 

13.60 

4 

5.47 

1.64 

7.01 

6.68 

1914 

Silt  loam    ,  ,         

6.70 
9.08 
Plot 
Plot 

4 

4 
0 
2 

6.08 

3.95 

.00 

1.00 

1.54 
1.54 
1.38 
1.38 

7.62 
5.49 
1.38 
2.38 

6.68 
8.31 
3.94 
6.40 

1914 

1914 

Yolo  loam .  . 

1914 

do 

1914 

do 

Plot 

3 

1.50 

1.38 

2.88 

8.42 

1914 

do 

Plot 

4 

2.00 

1.38 

3.38 

9.96 

1914 

do 

Plot 

4 

2.50 

1.38 

3.88 

11.06 

1914 

do 

Plot 

4 

3.00 

1.38 

4.38 

12.48 

1914 

do 

Plot 

4 

4.00 

1.38 

5.38 

11.20 

1914 

do 

Plot 

4 

5.00 

1.38 

6.38 

10.51 

191K 

'''JiM^  flftndy  loft"! 

» .61 

2 

2.50 

1.04 

3.64 

7.84 

1918 

do...: 

».61 

3 

2.50 

1.04 

3.54 

7.12 

1918 

do 

».61 

4 

2.50 

1.04 

3.54 

7.28 

1918 

do 

S.61 

6 

2.60 

1.04 

3.54 

8.00 

1918 

do 

».69 

8 

2.50 

1.04 

3.54 

8.90 

1918 

do 

».64 

12 

2.50 

1.04 

3.54 

10.21 

1919 

do 

».61 

2 

2.50 

.98 

3.48 

9.66 

1919 

do 

».61 

3 

2.50 

.98 

3.48 

10.60 

1919 

do 

».61 

4 

2.50 

.98 

3.48 

10.09 

1919 

do 

8.61 

6 

2.50 

.98 

3.48 

10.86 

1919 

do 

S.59 

8 

2.50 

.98 

3.48 

11.16 

1919 

do 

».64 

12 

2.50 

.98 

3.48 

11.06 

192U 

».61 

2 

2.50 

.44 

2.94 

8.36 

192U 

do 

».61 

3 

2.50 

.44 

2.94 

8.30 

1920 

do 

».61 

4 

2.50 

.44 

2.94 

6.88 

WJH) 

do 

».61 
«.69 

6 
8 

2.50 
2.60 

.44 
.44 

2.94 
2.94 

7.48 
8.07 

1920 

do 

1920 

do 

».64 

12 

2.50 

.44 

2.94 

9.09 

1921 

do 

».61 

2 

2.50 

.53 

3.03 

6.64 

1921 

do 

».61 

3 

2.50 

.63 

3.03 

8.22 

1921 

do 

».61 

4 

2.50 

.53 

3.03 

7.13 

1921 

do 

».61 

6 

2.50 

.53 

3.03 

9.07 

1921 

do 

».69 

8 

2.50 

.53 

3.03 

8.60 

7 

1921 

do 

».54 

12 

Z50 

.53 

3.03 

8.42 

1921 

do 

».68 

2 

2.50 

.53 

3.03 

8.25 

1921 

do 

».68 

3 

2.50 

.63 

3.03 

7.70 

1921 

do 

».68 
».82 

4 
6 

2.60 
2.50 

.53 
.53 

3.03 
3.03 

6.99 
8.18 

1921 

do 

1921 

do 

».77 

8 

2.50 

.63 

3.03 

8.43 

1921 

do 

».71 

12 

2.60 

.63 

3.03 

9.16 

1922 

do 

».68 

2 

2.60 

.80 

3.30 

8.03 

1922 

do         ..........—. 

».68 

3 

2.60 

.80 

3.30 

8.61 

1922 

do 

».68 
».82 

4 

6 

2.60 
2.50 

.80 
.80 

3.30 
3.30 

7.22 
7.92 

1922 

do 

*  Total  area  of  several  plots  receiving  the  same  treatment. 
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Table  9. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Sacramento 
Valley,  Calif. — Continued 


ALFALFA— Continued 


Year 

Soil 

Area 

rri- 

Irri- 
tions 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Litera- 

gated 

Irriga- 
tion 

Rain- 
fall 

Total 

ture 
cited 

1922 

Fine  sandy  loam ...         .      _ 

Acres 
3  0  77 

Num- 
ber 
8 
12 
2 

I 
I 

12 
2 
3 
4 
6 
8 

12 
2 
3 
4 
6 

.1 

Feet 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.50 

Feet 

0.80 

.80 

.46 

.46 

.46 

.46 

.46 

.46 

.53 

.53 

.53 

.53 

.53 

.53 

L02 

1.02 

1.02 

1.02 

1.02 

1.02 

Feet 
3.30 
3.30 
2.96 
2.96 
2.96 
2.96 
2.96 
2.96 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3.52 
3.52 
3.52 
3.62 
3.52 
3.52 

Tons 
8.42 
9.75 
7.80 
8.50 
7.15 
8.16 
8.42 
8.75 
8.19 
8.24 
7.36 
9.15 
7.58 
8.55 
9.36 
8.42 
8.07 
9.66 
9.49 
9.80 

Refer- 
ence 
no. 

7 

1922 
1923 

do 

do._ - 

71 
68 
68 
68 
82 
77 
71 
68 
68 
68 
82 
77 
71 
68 
68 
68 
82 
77 
71 

7 

7 

1923 
1923 
1923 
1923 

"iiidoi:""""iiii"i::i:i"""i:::"i"" 

do- 

do 

I 

1923 
1924 
1924 
1924 

do-. 

do- 

do - - 

....  do     

7 
7 
7 
7 

1924 
1924 
1924 
1926 

do-. - 

do... 

do.. - 

do 

7 
7 
7 
7 

1925 

do - 

7 

1925 
1925 

do 

....  do  

7 
7 

1925 
1925 

do — 

--do.. 

7 
7 

SUGAR  BEETS 


1912 

Yolo  loam 

Plot 

0 

0 

0.76 

i 
0.76     10.85 

/) 

1912 

do 

Plot 
Plot 
Plot 

1 

2 
0 

.88 
1.14 
0 

.76 
.76 
.76 

1.64     13.80! 
1.90      17.50  1 

f^ 

1912 

do 

5 

1912 

do 

.76 

4.85  1 

5 

1912 

do-.- 

Plot 

1 

.51 

.76 

1.27 

6.70  i 

5 

1912 

do. 

Plot 

2 

.96 

.76 

L72 

14.76  1 

5 

1912 

do - 

Plot 

3 

L40 

.76 

2.16 

18.  60  1 

t 

S 

OATS 


1912 

Yolo  fine  sandy  loam   . _  .    -  . 

Plot 
Plot 
Plot 
Plot 
Plot 
Plot 

0 

1 
2 
0 

1 
2 

0 

1.10 
1.82 
0 

.68 
1.32 

0.76 
.76 
.76 
.44 
.44 
.44 

0.76 
1.86 
2.58 
.44 
1.12 
1.76 

Bush. 

13.6 

45.9 

64.2 

0 

3L7 
47.1 

7 

1912 
1912 

do — 

do - 

7 
7 

1913 

do 

7 

1913 
1913 

do - 

do — — . 

7 
7 

GRAIN  * 


1913 

100 
18 
80 
80 
12 
30 
12 
60 
29 
7 
45 
30 
38 
38 

1.94       0 

.33 
1.54 
1.26 
s.98 

.83 

.88 
L67 
1.24 

.67 

.61 
1.56 

.65 
1.40 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

2.43 
.82 
2.03 
1.74 
1.47 
1.32 
1.37 
2.16 
1.73 
1.16 
1.10 
2.05 
1.14 
1.89 

Sacks 
20 
24 
25 
15 
32 
20 
23 
25 
27 
23 
10 
21 
33 
28 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

1913 

» Total  area  of  several  plots  receiving  the  same  treatment. 

*  The  acreage  of  this  grain  was  mostly  barley  but  it  also  included  several  hundred  acres  of  oats  and  some 
wheat. 
«  Water  estimated. 
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Table  9. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  Sacramento 

Valley,  Calif. — Continued 


GRAIN— Continued 


Year 

Soil 

Area  irri- 
gated 

Irri- 
ga- 
tions 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Litera- 
ture 

Irriga- 
tion 

Rain- 
fall 

Total 

cited 

1913 

Acres 

10 

3 

40 

30 

140 

250 

100 

15 

38 

100 

145 

16 

Num- 
ber 

Feet 

0.87 

1.11 

1.47 

2.85 

.69 

.71 

.69 

1.64 

.24 

1.09 

.99 

.71 

Feet 
0.49 

Feet 
1.36 
1.60 
1.96 
3.34 
1.18 
1.20 
1.18 
2.13 
.73 
1.58 
1.48 
1.20 

Sacks 
19 
18 
25 
37 
28 
33 
16 
32 
21 
17 
21 
21 

Refer- 
ence 
no. 

1913 

49 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

1913 

1913 

1913 

* 

1913 

-  .  - 

1913 

1913 

1913 

1913 

1913 

1913 

HAY 


1913 

300 

200 

35 

8 

:::::: 





1.90 
1.19 
1.03 
.31 

0.49 
.49 
.49 
.49 

2.39 
1.68 
1.62 
.80 

Tons 
2.5 
1.6 
1.3 
2.6 

/ 

1913 

/ 

1913 

/ 

1913 

1 

DWARF  MILO  MAIZE 


1910 

Yf»)n  fitiA  pftTiHy  loaxP                       .        .... 

0.30 
.30 
.30 
.54 
.54 
.54 
.54 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.25 
.36 
.37 
.37 
.37 

0 

2 
0 
1 
2 
3 
0 
1 
2 
3 
4 
5 
6 
0 
1 
2 
3 
4 

0 
.32 
.46 

0 

.15 
.38 
.47 

0 
.25 
.50 
.75 

1.00 

1,25 

1.50 

0 

.28 
.59 
.92 

1.13 

0.36 
.36 
.36 
1.76 
1.76 
1.76 
1.76 
.44 
.44 
.44 
.44 
.44 
.44 
.44 
.80 
.80 
.80 
.80 
.80 

0.36 

.68 

.82 

1.76 

1.91 

2.14 

2.23 

.44 

.69 

.94 

1.19 

1.44 

1.69 

1.94 

.80 

1.08 

1.39 

1.72 

1.93 

Lbs. 
1,340 
2,680 
2,710 
1,018 
1,565 
2,453 
2,530 
0 
230 
614 
998 
1,074 
1,343 
1,842 
3,835 
4.295 
5,187 
5,152 
5,747 

7 

1910 
1910 
1911 

do 

do 

do 

7 
7 

7 

1911 

.  .  do 

7 

1911 

do 

7 

1911 

do         

7 

1918 

do 

7 

1913 

do 

7 

1913 

do                             ...     - 

1913 
1913 

do 

do 

7 
7 

1913 

do 

7 

1913 

do 

7 

1922 

do 

7 

19?2 

do 

7 

1922 
1922 

I""do        '.'.'.'.'. I I 

7 
7 

1922 

do 

7 

WHEAT 


Yola  fine  sandy 
do 


Bush. 

Plot 

0 

0 

0.76 

0.76 

9.4 

Plot 

1 

.83 

.76 

1.59 

20.2 

Plot 

2 

1.47 

.76 

2.23 

32.2 

Plot 

0 

0 

.44 

.44 

2.1 

Plot 

1 

.17 

.44 

.61 

9.4 

Plot 

1 

.33 

.44 

.77 

21.9 

Plot 

2 

.50 

.44 

.94 

26.7 

Plot 

2 

.67 

.44 

1.11 

27.2 

Plot 

2 

.83 

.44 

1.27 

29.9 

Plot 

2 

1.00 

.44 

1.44 

26.8 

Plot 

2 

1.25 

.44 

1.69 

20.7 

Plot 

0 

0 

.44 

.44 

22.6 

Plot 

1 

.57 

.44 

1.01 

28.8 

Plot 

2 

1.08 

.44 

1.52 

31.2 

Plot 

0 

0 

1.38 

1.38 

20.4 

Plot 

1 

.33 

1.38 

1.71 

16.8 

Plot 

1 

.67 

1.38 

2.05 

16.2 

Plot 

2 

1.00 

1.38 

2.38 

14.2 

Plot 

2 

1.33 

1.38 

2.71 

13.6 

Plot 

2 

1.67 

1.38 

3.06 

12.9 
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Table  9. — Irrigation  water  applied,  rainfall,  and  crop  yields  in,  the  Sacramento 

Valley,  Calif. — Continued 

SILAQE   CORN 


Quantity  of  water 

Year 

Soil 

Area  irri- 
gated 

Irri- 
ga- 

received by  crop 

Yield 
per 

Litera- 
ture 

tions 

Irriga- 
tion 

Rain- 
fall 

Total 

acre 

cited 

Refer- 

Num- 

ence 

Acres 

ber 

Feet 

Feet 

Feet 

Tom 

no. 

1910 

Vnlft  flriA  sanrly  lofim 

0  67 

0 

0.00 

0.36 

0  36 

6  91 

7 

1910 

do 

.32 

1 

.28 

.36 

.64 

8.84 

7 

1910 

do - - 

.32 

2 

.44 

.36 

.80 

10.00 

7 

1910 

do - 

.67 

3 

.67 

.36 

1.03 

10.50 

7 

1911 

do — 

.54 

0 

.00 

1.76 

1.76 

3.67 

7 

1911 

do 

.54 

1 

.19 

1.76 

1.95 

4.86 

7 

1911 

do - 

.54 

2 

.39 

1.76 

2.15 

5.22 

7 

1911 

do — 

.54 

3 

.59 

1.76 

2.35 

6.88 

7 

1912 

do 

.31 

0 

.00 

.76 

.76 

3.66 

7 

1912 

do 

.35 

1 

.33 

.76 

1.09 

4.57 

7 

1912 

do 

.35 

2 

.72 

.76 

1.48 

5.81 

7 

1912 

.  .  do 

.35 

.26 

3 

0 

1.22 
.00 

.76 
.44 

1.98 
.44 

6.60 
1.54 

7 

1913 

do. 

7 

1913 

do — 

.26 

1 

.25 

.44 

.69 

3.80 

7 

1913 

do 

.26 

2 

.50 

.44 

.94 

3.36 

7 

1913 

...do 

.26 

3 

.75 

.44 

1.19 

4.99 

7 

1913 

do 

.26 

4 

1.00 

.44 

1.44 

6.74 

7 

1913 

do 

.26 

5 

1.25 

.44 

1.69 

7.05 

7 

1914 

do 

.27 

0 

.00 

1.38 

1.38 

3.93 

7- 

1914 

do 

.27 

1 

.33 

1.38 

1.71 

7.38 

7' 

1914 

do 

.27 

2 

.67 

1.38 

2.05 

11.48 

7 

1914 

do 

.27 

3 

1.00 

1.38 

2.38 

12.02 

7 

1914 

do 

.27 

4 

1.33 

1.38 

2.71 

11.65 

7 

1914 

do 

.27 

4 

1.60 

1.38 

2.98 

11.70 

7 

1914 

do 

.27 

4 

1.93 

1.38 

3.31 

11.83 

7 

1915 

do...._ 

.63 

0 

.00 

1.37 

1.37 

4.02 

7 

1915 

do 

.56 

1 

.33 

1.37 

1.70 

9.87 

7 

1915 

do 

.59 

2 

.67 

1.37 

2.04 

12.22 

7- 

1915 

.  ...do 

.54 

3 

1.00 

1.37 

2.37 

14.15 

7 

1922 

do 

.38 

0 

.00 

.80 

.80 

4.00 

7 

1922 

do 

.38 

1 

.25 

.80 

1.05 

4.96 

7 

192? 

do 

.38 

2 

.48 

.80 

1.28 

6.92 

7 

1922 

do 

.38 

3 

.94 

.80 

1.74 

8.35 

7- 

1922 

do 

.37 

4 

1.31 

.80 

2.11 

8.16 

7 

BARLEY 


Bvsh. 

1910 

Yolo  fine  sandy  loam 

1.26 

0 

0.00 

0.36 

0.36 

24.2 

T 

1910 

do 

.50 

1 

.30 

.36 

.66 

31.8 

7 

1910 

do 

.60 

2 

.52 

.36 

.88 

38.3 

T 

1911 

do 

.72 

0 

.00 

1.76 

1.76 

17.7 

7 

1911 

do 

.67 
.50 

1 
1 

.47 
.36 

1.76 
1.76 

2.23 
2.12 

31.6 
23.0 

7 

1911 

do 

7 

1911 

do 

.50 

1 

.50 

1.76 

2.26 

44.8 

7 

1911 

do 

.60 

2 

.58 

1.76 

2.34 

37.7 

7 

1912 

do 

1.48 
.49 

.48 

0 
0 

1 

.00 
.00 
.62 

.76 
.76 
.76 

.76 
.76 
1.38 

7.2 
21.7 
26.7 

7 

1912 

do 

7 

1912 

do 

7 

1912 

do 

.49 

2 

1.41 

.76 

2.17 

40.6 

7 

1913 

do 

1.10 

0 

.00 

.44 

.44 

9.3 

7 

1913 

do 

.26 

0 

.00 

.44 

.44 

6.7 

7 

1913 

do 

.26 

1 

.77 

.44 

1.21 

44.7 

t 

1913 

do 

.25 

2 

1.12 

.44 

1.56 

53.2 

T 

1914 

do 

1.20 

0 

.00 

1.38 

1.38 

37.4 

T 

1914 

do                                           -         -  -  . 

.57 
.19 

0 

1 

.00 
.33 

1.38 
1.38 

1.38 
1.71 

43.1 
40.8 

7 

1914 

do 

7 

1914 

do 

.19 

1 

.67 

1.38 

2.05 

62.8 

7 

1914 

do 

.19 

1 

1.00 

1.38 

2.38 

56.2 

T 

1916 

do 

.51 

0 

.00 

1.37 

1.37 

27.6 

7 

1915 

do 

.26 

0 

.00 

1.37 

1.37 

41.1 

7 

1915 

do 

.25 
.25 
.26 

1 
1 
1 

.26 
.38 
.60 

1.37 
1.37 
1.37 

1.62 
1.75 
1.87 

43.6 
43.5 
45.2 

T 

1915 

.  .  do     

T 

1916 

do 

7 

1915 

do 

.26 

1 

.62 

1.37 

1.99 

46.1 

T 

1916 

.  .  do            . 

3.90 
4.00 

0 

1 

.00 
.27 

1.17 
1.17 

1.17 
1.44 

20.8 
30.4 

7 

1916 

do 

T 
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Table  9. — Irrigation  water  applied,  rainfaU,  and  crop  yields  in  the  Sacramento 


)pue 
lley, 


Valleyy  Calif. — Continued 


RICE* 


Year 

Soil 

Area  irri- 
gated 

Irri- 

tfoDS 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Litera- 

Irriga- Rj 
tion       f! 

iin- 
Ul 

Total 

ture 
cited 

1916 

Clay  loam  and  day _.. 

Acres 
135.60 
132.53 
76.60 
61.00 
44.86 
866.00 
70.16 
1, 106. 00 
39.50 
229.50 
187.23 
41.00 
36.70 
13.96 
2,018.3 
76.6 
116.79 
61.0 
2,176.4 
180.0 
242.3 
113.04 
1,026.0 
1,698.0 
302.4 
269.2 
259.1 
229.6 
39.6 
70.8 
823.3 

63.28 
102.38 
111.67 
109.41 
200.85 
112.05 

38.8 

Slum- 
ber 
?9 

^7 

75 

.11 

?6 

'7 
76 
'6 
?6 



Feet      F 

7.80      0 

8.45 

6.46 

9.07 

6.68 

6.39 

6.49 

6.41 

4.27 

4.66 

4.80 

7.26 
10.00 
13.43 

4.99 

6.31 

4.48 
«9.69 

4.21 

4.26 

3.91 

4.01 

5.43 

6.73 

8.13 

4.12 

5.07 

4.41 

4.37 

6.06 

6.61 

5.72 
4.20 
5.03 
4.67 
7.41 
4.77 
4.88 

eet 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 

05 
05 
05 
05 
06 
40 
40 

Feft 
7.93 
8.68 
6.59 
9.20 
6.81 
6.62 
6.62 
5.64 
4.40 
4.79 
4.93 
7.39 
10.13 
13.56 
5.18 
6.50 
4.67 
9.88 
4.40 
4.45 
4.10 
4.20 
5.62 
5.92 
8.32 
4.31 
5.26 
4.60 
4.56 
5.25 
6.70 

5.77 
4.25 
6.08 
4.72 
7.46 
6.17 
5.28 

Sacks 

33 

25 

18 

47 

35 

25 

20 

35 

39 

42 

34 

39 

10 

14 

32 

44 

42 

39 

35 
•30 

50 

48 

29.5 

29.5 

43 

28 

36 

38 

39 

52 
10  17 

Lbs. 
2,978 
2,780 
2,770 
2,496 
2,275 
2,699 
3,200 

Effer» 
ence 
no. 

1916 

.  .  do 

t8 

1916 

Clay  adobe 

S8 

1916 

18 

1916 

Loam-clay .  .  ...  _  .  .      .         .  .  . 

£8 

1916 

Clay 

t8 

1916 
1916 

do 

do 

t8 
98 

1916 

Clay-adobe 

g8 

1916 

do         

e8 

1916 
1916 
1916 

do 

do 

T/Oftms         

t8 
t8 
28 

1916 
1917 

do 

Clay            ---  - 

18 
(") 
(") 

1917 

Clay  adobe 

1917 

Clay         

(") 

1917 

Lo  wxi           

(") 

(") 

1917 

Clay  adobe 

1917 
1917 

do 

Clay 

1917 
1917 
1917 
1917 

do 

do 

do 

Clay  adobe  .  - 

00 

1917 
1917 
1017 

do 

do 

.  do 

(") 
(») 
(") 
(") 
(») 

1917 
1917 
1917 

do 

do 

Clay 

1924 

.  do 

le 

1924 
1924 

do 

Clay  adobe 

16 
16 

1924 
1924 

do 

Loam          .... 

16 
16 

1925 

16 

1925 

16 

•  Sacks  of  rice  averaged  100  pounds  in  weight. 
»  Prior  to  submergence. 

I  Drain  4  feet  deep  adjacent  to  rice  field  on  2  sides. 

•  Yield  for  75  acres  only,  rest  of  field  not  harvested. 
•'  Crop  was  foul  with  water  grass  and  tules. 

»  Unpublished  data  in  official  files. 
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Table  10. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  San  Joaquin 

Valley,  Calif. 


ALFALFA i 


Year 

Sou 

Area 
irri- 
gated 

trees 
and 
vines 

Irri- 

tfoM 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Litera- 

Irriga- 
tion 

Rain- 
fall 

Total 

ture 
KJited 

1922 

Acres 

3  0.88 

2.48 

2.88 

2  1.04 

2  1.04 

2  1.04 

2  1.04 

2.88 

2.88 

2.48 

2.88 

2  1.04 

2  1.04 

2  1.04 

2  1.04 

2.88 

2.88 

2.48 

2.88 

2  1.04 

2  1.04 

2  1.04 

2  1.04 

2.88 

2  4.8 

2  5.2 

2  4.6 

Years 


Num- 
ber 
3 
3 
4 
5 
6 
6 
6 
6 
3 
3 
4 
5 
6 
6 
6 
6 
3 
3 
4 
5 
6 
6 
6 
6 
4 
6 
8 

Feet 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
5.00 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
5.00 
1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
5.00 
2.00 
3.00 
4.00 

Foot 
0.76 
.76 
.76 
.76 
.76 
.76 
.76 
.76 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.31 
.31 
.31 
.31 
.31 
.31 
.31 

■fo 

.70 
.70 

Feet 
1.76 
2.26 
2.76 
3.26 
3.76 
4.26 
4.76 
5.76 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
4.50 
5.50 
1.31 
1.81 
2.31 
2.81 
3.31 
3.81 
4.31 
5.31 
2.70 
3.70 
4.70 

Tons 
7.04 
7.82 
8.60 
8.63 
9.23 
9.65 
8.95 
8.68 
4.98 
6.23 
5.51 
6.37 
7.36 
8.07 
7.77 
7.46 
3.79 
4.00 
4.63 
6.62 
8.02 
8.42 
8.53 
8.57 
6.63 
7.15 
6.45 

Refer- 
ence 
no. 
7 

1922 
1922 

do 

do                                      ... 

7 
7 

1922 

do    

7 

1922 
1922 
1922 
1922 
1923 

do... 

do 

.....do 

do 

do 

7 
7 
7 
7 
7 

1923 
1923 
1923 

do 

do 

....  do.... 

7 
7 
7 

1923 

do       

7 

1923 

do                           .... 

7 

1923 

do    

7 

1923 
1924 

do 

do.... 

7 
7 

i924 

.  do    

7 

1924 
1924 

do. 

....  do 

7 
7 

1924 

do          

7 

1924 
1924 
1924 

do.. 

do 

do          

7 
7 
7 

1925 
1925 

do. 

do    

7 
7 

1925 

do.- 

7 

COTTONS 


19?7 

Sandy  loam 

7 
4 
3 
5 
5 
7 
4 

*3.22 
*2.07 
U.88 
<2.33 

2.18 
<3.22 
*2.07 
U.88 
«2.33 

2.18 
*3.22 
«2.07 
U.88 
*2.33 

2.18 
*3.22 
<-2.07 
U.88 
*2.33 

2.18 

0.29 
.29 
.29 
.29 
.29 

!l6 
.16 
.16 
.16 
.16 
.37 
.37 
.37 
.37 
.37 

3.51 
2.36 
2.17 
2.62 
2.47 
3.36 
2.21 
2.02 
2.47 
2.  32 
3.38 
2.23 
2.04 
2.49 
2.34 
3.59 
2.44 
2.25 
2.70 
2.55 

Lbs. 
5  853 
»693 
«587 
S640 
5  607 
5  1,333 
5  1,110 
5  867 
5  907 
5  863 
5  1,020 
5  687 
5  480 
5  660 
5  513 
5  930 
5  573 
5  477 
5  580 
5  533 

6 

1927 
1927 

do.. 

.  .  do    

6 
6 

19?7 

do 

6 

1927 

do 

6 

1928 
1928 

do       

6 

do. 

6 

1928 

do 

3 
5 

5 
7 
4 
3 
5 
5 
7 
4 
3 
5 
6 

6 

1928 

do 

e 

1928 
1929 

do 

..  .  do    

6 
6 

19W 

do.. 

6 

1929 

do 

6 

1929 

do         

6 

1929 
1930 
1930 
1930 
1930 
i930 

do.. 

do 

do. 

do 

do. 

do                            ... 

6 
6 
6 
6 
6 
8 

SULTANINA  (THOMPSON  SEEDLESS)  GRAPES  « 

1930 

7.5 
13.0 
10.0 
10.0 
5.5 
4.5 
8.0 
12.0 
14.5 
3.0 
8.0 

13 
9 
9 

10 

10 
9 
8 

10 
8 
9 
8 

7 
6 
5 
4 
4 
6 
7 
4 
3 
6 
4 

2.42 
3.58 
4.83 
2.75 
1.50 
2.58 
3.42 
3.00 
3.00 
4.67 
3.58 

7  0.37 
7.37 
7.37 
7.37 
7.37 
7.37 
7.37 
7.37 
7.37 
7.37 
7.37 

2.79 
3.95 
5.20 
3.12 
1.87 
2.95 
3.79 
3.37 
3.37 
5.04 
3.95 

Tons 
3.98 
8.63 
5.00 
6.00 
2.25 
3.00 
5.04 
5.33 
7.50 
4.64 
7.51 

1930 

1930 

1930 

1930 

1930 

1930 

1930 

1930 

1930 

1930 

Footnotes  at  end  of  table. 
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Table  10. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  the  San  Joaquin 

Valley,  Calif. — Continued 


WASHINGTON  NAVEL  ORANGES • 


Year 

Sou 

Area 
irri- 
gated 

Age 

of 

trees 

and 
vines 

Irri- 
tions 

Quantity  of  water 
received  by  crop 

Yield 
per 
acre 

Litera- 

Irriga- 
tion 

Rain- 
fall 

Total 

cited 

1928 

Medium    ....    .    

16.11 
20.00 
14.37 
17.63 
4.50 
8.20 
4.67 
5.43 
9.67 
9.09 
8.91 
17.31 
10.0 
10.0 
9.40 
8.91 
35.0 
9.60 

18.80 
9.09 
10.0 
7.61 
14.37 
10.00 
12.67 
4.50 
4.67 
17.31 
16.11 
11.20 
20.0 
5.7 
8.91 
10.0 
9.6 
6.2 
9.33 
13.9 
4.93 
4.0 
9.09 
7.51 
4.6 
16.0 
7.16 
10.0 
16.11 
6.67 
4.67 
9.3 
10.88 
19.42 
12.67 
20.0 
11.2 

20 
15 
14 

3.62 

3.04 

2.70 

2.61 

2.55 

2.45 

2.43 

2.30 

2.26 

2.15 

2.08 

1.77 

1.68 

1.68 

2.56 

2.32 

3.6 

1.70 

2.36 

2.06 

2.69 

3.12 

3.20 

3.25 

L67 

2.14 

2.48 

2.16 

2.79 

3.18 

1.91 

3.25 

2.52 

2.21 

2.50 

2.20 

2.58 

4.23 

3.73 

2.02 

2.62 

2.44 

2.03 

2.97 

2.25 

2.41 

2.00 

2.11 

2.71 

1.72 

2.50 

2.08 

2.41 

1.92 

2.50 

2.32 

•0.65 
•.65 
9.65 
«.65 
».65 
».65 
».65 
».65 
«.65 
9.65 
».66 
».65 
».66 
».65 
•.56 
».56 
».56 
».56 
».56 
9.56 
9.56 
9.56 
9.56 
9.56 
».66 
9.56 
9.56 
9.56 
9.56 
9.56 
9.56 
9.56 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
•.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
•.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 
9.44 

4.17 
3.69 
3.35 
3.26 
3.20 
3.10 
3.08 
2.95 
2.91 
2.80 
2.73 
2.42 
2.33 
2.33 
3.12 
2.88 
4.24 
2.26 
2.92 
2.62 
3.25 
3.68 
3.76 
3.81 
2.23 
2.70 
3.04 
2.72 
3.35 
3.74 
2.47 
3.81 
2.96 
2.65 
2.94 
2.64 
3.02 
4.67 
4.17 
2.46 
2.96 
2.88 
2.47 
3.41 
2.69 
2.86 
2.44 
2.55 
3.15 
2.16 
2.94 
2.62 
2.85 
2.36 
2.94 
2.76 

Packed 
boxes 

85.8 

59.8 

42.3 
130.8 
149.0 

87.0 

63.0 
144.9 
132.0 
197.0 
289.0 

57.0 
131.0 

90.6 
188 
162 
130 
127 
122 

91 

91 

82 

79 

74 

74 

68 

60 

55 

49 

36 

35 

34 
347.4 
345.0 
211.2 
220.3 
195.6 
180.2 
197.1 
243.4 
192.0 
133.7 
124.6 
126.3 
193.6 
132.5 
165.8 

97.6 
149.9 
121.8 

73.9 

79.1 
158.5 
156.9 
162.9 

83.7 

1928 

Heavy                                          ... 

1928 

1928 

1928 

Heavy 

16 

1928 

1928 

Heavy                               ...... 

10 

1928 

1928 

1928 

Medium                                .  .  .  .  . 

7 
15 
23 
16 
16 
24 
16 
21 
16 
16 

7 
21 
17 
17 
15 
17 
16 
16 
11 
24 
21 
23 
16 
18 
17 
18 
17 
18 
13 
14 
17 
14 
22 
18 
17 
16 
15 
18 
22 
17 
12 
19 
22 
17 
17 
17 
24 



...... 



1928 

1928 

Medium                          . . 

1928 
1928 

do 

Heavy       

1929 

Medium 

1929 

1929 

Medium                   

1929 
1929 

do - 

Heavy 

1929 

Medium 

1929 

.  do    

1929 
1929 
1929 
1929 

do 

do 

do. 

Heavy 

1929 

do - 

1929 
1929 

do 

.    do 

1929 

1929 
1929 

do 

do    

1929 

Heavy . ...... 

1930 

1930 

Adobe         

1930 
1930 

do 

1930 
1930 

do 

Sandy  loam 

1930 

Fine  sandy  loam .  . 

1930 

Adobe 

1930 

1930 

1930 



1930 

Adobe       

1930 
1930 

do 

1930 

Adobe 

1930 

1930 

Loam           - . 

1930 

Adobe 

1930 
1930 
1930 
1930 

do 

do 

Sandy  loam _ 

Adobe       

1930 
1930 

do 

•  Experiments  with  alfalfa  were  conducted  under  cooperative  agreements  between  the  Bureau  of  Public 
Roads,  U.S.  Department  of  Agriculture,  the  University  of  California  Agricultural  Experiment  Station  and 
the  division  of  engineering  and  irrigation,  California  State  Department  of  Public  Works. 

»  Total  area  of  several  plots  receiving  the  same  treatment. 

•  These  plot  experiments  on  cotton  were  conducted  near  Shafter,  Calif.,  by  the  Uixiversity  of  California 
Agricultural  Experiment  Station. 

•  Includes  preseason  irrigation  of  6  acre-inches  per  acre. 

» These  are  mean  yields  from  a  number  of  plots  receiving  the  same  irrigation  treatment.  The  yields 
are  based  on  amounts  of  seed  cotton  produced  by  180  plants  per  plot  in  1927  and  1928  and  on  100  plants  per 
plot  in  1929  and  1930.  Total  yields  are  estimated  on  a  basis  of  10,000  plants  per  acre.  Yields  of  Imt  cotton 
are  taken  as  one  third  of  that  of  seed  cotton. 

•  These  data  were  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension 
service,  University  of  California. 

'  Rainfall  computed  from  Jan.  1  to  Sept.  30. 

» These  data  were  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension 
service,  University  of  California. 

•  Rainfall  computed  from  Apr.  1  to  Mar.  30  of  each  crop  season. 
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Tablb  12. — Irrigation  water  applied^  rainfall^  and  crop  yields  of  alfalfa  *  in  southern 

California 


Year 

8oU 

Area 
irri- 
gated 

Irriga- 
tions 

Quantity  of  water  re- 
ceived by  crop 

Yield 

Irriga- 
tion 

Rain- 
fall' 

Total 

per 
acre 

1931 

Fine  sand          .  . .  . 

Acret 

72 

46 

45 

80 

60 

25 

24 

4 

75 

60 

33 

38 

35 

10 

153 

3  15 

»10 

»40 

»78 

»30 

»14 

8  77 

»5 

M5 

Number 

Feet 
6.81 
4.40 
4.50 
1.19 
7.78 
9.62 
5.47 
2.20 
5.77 
6.78 
8.36 
8.20 
4.60 
6.03 
5.19 
4.27 
8.61 
9.75 
4.86 
2.94 
4.22 
4.36 
2.80 
4.94 

Foot 
0.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 
.71 

Feet 
6.52 
5.11 
5.21 
1.90 
8.49 

10.33 
6.18 
2.91 
6.48 
7.49 
9.07 
8.91 
5.31 
6.74 
5.90 
4.98 
9.32 

10.46 
5.67 
3.05 
4.93 
6.06 
3.61 
6.65 

Tons 
6.7 

1931 

T,oamy  sftnd    ^  . 

5.7 

1931 
1931 

do...... 

7.9 
6.3 

1931 

Sand                                         .      .  - 

6  8 

1931 
1931 

do 

Finft  s»»ndy  loftni ^,.    ..      ,. 

4.8 
7.2 

1931 

6  9 

1931 

Sand 

5.9 

1931 
1931 

Sand,  heavy 

6.4 
5.9 

1931 

Loamy  sand 

7.1 

1931 

Fine  sandy  loam                   ...      ... 

7  0 

1931 

Sand 

4.8 

1931 

Fine  sandy  loam 

5.3 

1931 

Sand                                   .    .. 

8. 1 

1931 

do 

6.7 

1931 

4. 1 

1931 

4  3 

1931 

Loamy  sand 

2.4 

1931 

Fine  sandy  loam .. 

4.0 

1931 

4.2 

1931 

Sand,  heavy 

3.1 

1931 

2.0 

»  These  data  obtained  from  individual  growers  by  the 
service,  University  of  California. 
»  Rainfall  computed  from  Oct.  1,  1930,  to  Sept.  30,  1931. 
'  These  fields  were  newly  planted  in  the  fall  of  1930. 


county  farm  advisor,  agricultural  extension 


Tablb  13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  southern 

California 


VALENCIA   ORANGES! 


Climatic  location* 

Soil 

Area 
irri- 
gated 

trees 

Irri- 
ga- 
tions 

Quantity  of  water 
received  by  crop 

Yield 

Irriga- 
tion 

Rain- 
faU» 

Total 

per 
acre 

1929 

Coastal 

Acres 
10.0 
4.6 
9.0 
13.0 
10.6 
3.0 
10.0 
6.6 
10.0 
20.0 
4.0 
3.5 
7.0 
4.5 
4.5 
10.0 
6.0 
4.0 
8.0 

Years 
10 
19 
18 
18 
17 
17 

16 

16 
16 
13 
18 
13 
15 
17 
17 
14 
12 

Num- 
ber 
5 
6 
6 
8 
5 
5 
7 
6 
9 
7 
6 
7 
5 
6 
7 
7 
7 
6 
6 

Feet 
1.25 
1.26 
1.26 
3.46 
1.33 
1.82 
1.52 
1.21 
2.74 
1.56 
1.65 
2.39 
1.91 
2.38 
2.63 
1.60 
1.46 
1.07 
.87 

Feet 
0.84 
.87 
.87 
.79 
.84 
.79 
.84 
.84 
.80 
.84 
.80 
.84 
.80 
.84 
.84 
.84 
.84 
.84 
.84 

Feet 
2.09 
2.13 
2.13 
4.25 
2.17 
2.61 
2.36 
2.05 
3.54 
2.40 
2.45 
3.23 
2.71 
3.22 
3.47 
2.44 
2.30 
1.91 
1.71 

Packed 
boxes 
313  2 

1929 

do  . 

357  7 

19?9 

do 

do 

do 

do 

Medium .. 

394.2 

1929 

Heavy.    ... . 

268  7 

1929 
19?9 

do 

133.8 
377.2 

1929 
1929 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Light  ""I1""III""I""" 

309.4 
278.9 

1929 

MftfUllTTl 

405.7 

1929 
1929 
1929 

v 

MuidlTITn ..""''"" 

257.0 
266.2 
363.9 

1929 
1929 

do 

Light 

306.7 
288.2 

1929 

Medium.... .__...... 

427.9 

1929 
1929 

do 

Light 

380.7 
138.0 

1929 

331.8 

1929 

do 

301.1 

>  These  data  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension  service, 
University  of  California. 

>  Coastal  climate  is  one  where  strong  ocean  influence  is  manifest.  Intermediate  climate  is  found  back 
from  the  coast  but  not  remote  from  all  ocean  modifying  influences.  Interior  climate  is  remote  from  the  coast 
and  all  ocean  Influences. 

*  Rainfall  computed  from  Oct.  1,  to  Sept.  30  for  each  crop  season. 
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Table  13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  southern 
California — Continued 

VALENCIA  ORANGES— Continued 


Year 

Climatic  location 

Sou 

Area 
irri- 
gated 

trees 

Irri- 
ga- 
tions 

Quantity  of  water 
received  by  crop 

Yield 

Irriga- 
tion 

Rain- 
fall 

Total 

per 
acre 

1929 

Coastal 

Acres 

9.0 

10.0 

20.0 

18.0 

5.0 

10.0 

10.0 

25.0 

5.0 

5.0 

15.0 

13.0 

17.0 

12.0 

19.0 

7.0 

10.0 

8.0 

Years 
15 
12 
15 
13 
17 
16 
17 
15 
13 
18 
13 
15 
16 
13 
17 
17 
24 
37 
16 
13 
14 
16 

34 

11 

21 

10 

16 

13 

12 

15 

8-24 

17 

11 

16 

12 

10 

16-33 

15 

11 

17 

23 

18 

11 

8 

8 

7 

7 

6 

7 

7 

16 
16 
14 
22 
16 
16 
17 
12 
11 
25 

il 

18 
13 
14 
16 
12 
9 
18 
18 

Num- 
ber 
5 
7 
9 
6 
6 
8 
6 
9 
9 
6 
8 
5 
7 
5 
6 
6 
6 
4 

...... 

6 
7 
7 
5 
7 
5 
7 
6 
9 
7 
8 
6 
7 
7 
9 
9 
9 
8 
6 
6 
7 
7 
8 
4 
4 
7 
7 
9 
7 
6 
7 
6 
7 
7 
8 
6 
6 
4 
7 
9 
7 
6 
9 
6 
5 
5 
7 
7 
5 
5 
5 
5 

Feet 
2.25 
1.26 
1.46 
L47 
1.51 
1.53 
1.56 
3.27 
2.73 
2.26 
2.18 

.81 
1.04 
1.08 
1.12 
1.12 
2.39 
2.02 
2.00 
1.80 
1.80 
1.96 
1.63 
1.49 
1.84 

.86 
1.45 
1.97 
2.00 
2.00 
1.76 
1.67 
1.68 
1.55 
L92 
1.79 
3.05 
1.58 
1.87 
1.84 
1.11 
1.98 
1.98 
1.11 

.91 
2.10 
1.23 
L80 
1.31 

.53 
1.63 
1.82 
1.16 
1.78 
1.73 
1.37 
2.00 
1.29 
1.30 
1.85 
1.73 
1.97 
1.81 
1.63 
1.31 

.79 
1.95 
1.81 
1.71 
1.92 
1.71 
1.09 

Feet 

.84 
.87 
.84 
.80 
.84 
.84 
.79 
.84 
.84 
.84 
.84 
.84 
.87 
.84 
.84 
.84 
.79 
.80 
.80 
.79 
.84 
.84 
.84 
.79 
.79 
.84 
.87 
.87 
.80 
.84 
.80 
.84 
.80 
.84 
.84 
.84 
.80 
.84 
.79 
.84 
.80 
.80 
.80 
.80 
.80 
.79 
.87 
.84 
.84 
.87 
.84 
.84 
1.13 
1.13 
1.13 
.87 
1.13 
1.13 
1.02 
1.13 
1.13 
1.08 
1.02 
1.13 
1.08 
1.15 
L13 
1.13 
1.02 
1.08 
1.13 
1.13 

Feet 
3.09 
2.13 
2.30 
2.27 
2.35 
2.37 
2.35 
4.11 
3.67 
3.10 
3.02 
1.65 
1.91 
1.92 
1.96 
1.96 
3.18 
2.82 
2.80 
2.59 
2.64 
2.80 
2.47 
2.28 
2.63 
1.70 
2.32 
2.84 
2.80 
2.84 
2.56 
2.51 
2.48 
2.39 
2.76 
2.63 
3.85 
2.42 
2.66 
2.68 
1.91 
2.78 
2.78 
1.91 
1.71 
2.89 
2.10 
2.64 
2.15 
1.40 
2.47 
2.66 
2.29 
2.91 
2.86 
2.24 
3.13 
2.42 
2.32 
2.98 
2.86 
3.05 
2.83 
2.76 
2.39 
1.94 
3.08 
2.94 
2.73 
3.00 
2.84 
2.22 

Packed 

boxes 
403  7 

1929 
1929 

do 

do 

do. 

..  do 

do 

Light. 

274.4 
319  2 

1929 

Medium..  .. 

346  9 

1929 

Heavy 

409  8 

1929 

do.. 

do 

do 

do 

do.. 

427  4 

1929 
1929 

do.-... 

Light .— 

496.8 
368.6- 

1929 

do 

167. 1 

1929 

290  1 

1929 

do 

do. 

do 

Medium..- 

520.7 

1929 

Light  . 

210  5 

1929 

179  8 

1929 

do. 

do 

do 

do 

do-. 

do 

do 

Medinm __  

262.6 

1929 

Heavy.. 

235  0 

1929 

Light 

284  0 

1929 

760.  3 

1929 
1929 

do 

Heavy... 

528.8 
411.  2 

1929 

do 

12.0 

10.0 

9.0 

5.0 

10.0 

10.0 

20.0 

15.0 

11.0 

4.0 

14.0 

10.0 

10.0 

17.0 

20.0 

20.0 

6.0 

9.0 

9.0 

17.0 

13.0 

33.0 

9.0 

20.0 

10.0 

5.11 

19.16 

8.0 

9.0 

10.0 

4.0 

10.0 

5.0 

14.44 

25.0 

5.0 

15.0 

4.5 

10.0 

17.0 

20.0 

9.0 

17.0 

4.76 

3.5 

3.0 

8.0 

15.0 

13.0 

30.5 

19.16 

9.0 

20.0 

60  6 

1929 

do 

do 

do 

do.. 

Medium           _      ...... 

178  2 

1929 

Light 

182.3 

1929 
1929 

do 

208.  6 
211  7 

1929 
1929 

do-... 

do. 

do 

Light.. ."I""-IIIII"IIIII- 

212.  0 
177  5 

1929 

334  2 

1929 

-.  do 

152  1 

1929 

do 

411.2 

1929 

do 

do 

do 

Light                            

292  4 

1929 

203.0 

1929 

316  6 

1929 

do 

do- 

do 

Light 

362  9 

1929 
1929 

'""do    irnriii"!!— 

281.8 
176  7 

1929 

do 

do 

do 

do 

do 

do 

do 

Medium 

280.2 

1929 

Light 

158.3 

1929 
1929 
1929 
1929 

"IlIdol"IlII"""-"IIllII-- 
do 

Heavy                        ..  . 

217.  3 
321.  0 
278.9 
254  7 

1929 

.„  .!^:::::::::::::::::::-:.. 

351. 8 

1929 

do 

305  6 

1929 

do.. 

260  2 

1929 

-  do 

Medium 

177  7 

1929 
1929 

do 

do 

do 

Heavy 

226.5 
209  0 

1929 

do 

do 

Light 

198  8 

1929 

145  4 

1929 

do 

51  9 

1929 

do 

.....do 

Light 

107.7 

1929 

182  4 

1930 

do 

do 

do 

Sandy  loam 

179.4 

1930 
1930 

do 

108.6 
130  4 

1930 

do  .... 

79  4 

1930 

do 

298.  0 

1930 

do 

138  5 

1930 

do 

Loam 

163  2 

1930 

do 

do 

do 

Sandy  loam 

135.3 

1930 

Light                      _       

163  6 

1930 

Gravel  loam 

181  2 

1930 

do 

134.4 

1930 

do 

301.7 

1930 

do 

207  0 

1930 

do 

215.9 

1930 

do 

149.0 

1930 

do 

Sandy  loam 

95  0. 

1930 

do 

do 

Heavy.. 

177.9 

1930 

133.1 

1930 

do 

204.9 

1930 

do 

Light 

61.1 
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Table   13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  southern 
California — Continued 

VALENCIA  ORANGES— Continued 


Year 

Climatic  location 

Soil 

Area 
irri- 
gated 

trees 

Irrl- 

tions 

Quantity  of  water 
received  by  crop 

Yield 

Irriga- 
tion 

Rain- 
fall 

Total 

per 
acre 

1930 

Coastal 

Heavy 

Acres 
12.0 
7.0 
7.6 
6.11 
20.0 
19.0 
4.0 
8.0 
17.0 
10.0 
10.6 
10.0 
4.0 
20.0 
6.0 

n.o 

14.0 
9.0 
10.0 
12.0 

n.o 

5.0 
9.0 
6.0 
4.0 
10.0 
10.0 
10.0 
8.0 
10.0 
7.0 
20.0 
12.0 
9.2 
10.0 
2.25 
9.0 
6.0 
10.0 
6.0 
9.0 
6.5 
10.0 
4.0 
11.0 
10.0 
15.0 
10.5 
9.0 
15.0 
17.0 
5.5 
3.0 
19.0 
5.0 
10.0 
9.0 
10.5 
10.0 
6.0 
17.0 
5.11 
10.0 
20.0 
6.0 
14.44 
5.0 
4.76 
10.0 
11.0 
9.0 

lao 

Years 
14 
18 
36 
12 
12 
18 
15 
13 
17 
18 
18 
16 
20 
17 
18 
11 
14 
17 
19 
19 
33 
11 
12 
14 
17 
17 
18 
26 

9 
36 
19 
24 
14 
18 
13 
19 
16 
17 
27 
18 

9 
16 
11 
21 
33 
19 
16 
16 
17 
23 
26 
20 
19 
19 
15 
16 
13 
19 
36 
19 
18 
13 
14 
18 

9 
17 
19 
18 
20 
12 
10 
26 

Num- 
ber 
3 

10 

11 
10 

14 

Feet 
1.05 
1.03 
1.02 
.99 
.97 
.94 
.82 
.79 
.62 
1.02 
1.24 
1.27 
1.77 
1.91 
1.33 
L26 
1.10 
L63 
4.78 
2.94 
2.87 
2.68 
2.48 
2.33 
2.14 
2.04 
2.04 
2.03 
1.58 
1.57 
1.50 
1.49 
L46 
1.45 
1.38 
1.40 
L39 
1.39 
1.13 
1.87 
1.31 
1.17 
L18 
3.68 
1.93 
1.63 
1.87 
1.71 
1.68 
1.23 
1.62 
2.31 
2.02 
.89 
2.35 
1.14 
2.94 
1.22 
1.81 
1.13 
.75 
.85 
1.83 
2.31 
1.03 
1.25 
1.64 
1.05 
1.28 
2.02 
L18 
2.03 

Feet 
1.08 
1.13 
1.02 
1.02 
1.13 
1.13 
1.13 
1.13 
.87 
1.02 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.21 
1.08 
1.08 
1.02 
1.02 
1.02 
1.13 
1.02 
1.13 
1.13 
1.08 
.87 
1.08 
1.02 
1.02 
1.13 
1.08 
L02 
.87 
L13 
1.13 
1.08 
1.13 
L13 
1.13 
1.13 
.99 
.84 
.80 
.99 
.99 
.99 
.98 
.80 
.84 
.80 
.99 
.99 
.99 
.84 
.99 
.80 
.99 
.98 
.84 
.84 
.99 
.99 
.99 
.99 
.84 
.98 
.98 
.99 
.80 

Feet 
2.13 
2.16 
2.04 
2.01 
2.10 
2.07 
L96 
1.92 
1.49 
2.04 
2.37 
2.40 
2.90 
3.04 
2.46 
2.39 
2.23 
2.84 
5.86 
4.02 
3.89 
3.70 
3.50 
3.46 
3.16 
3.17 
3.17 
3.11 
2.45 
2.65 
2.52 
2.51 
2.59 
2.53 
2.40 
2.27 
2.52 
2.52 
2.21 
3.00 
2.44 
2.30 
2.31 
4.67 
2.77 
2.43 
2.86 
2.70 
2.57 
2.21 
2.42 
3.15 
2.82 
1.88 
3.34 
2.13 
3.78 
2.21 
2.61 
2.12 
1.73 
1.69 
2.67 
3.30 
2.02 
2.24 
2.63 
1.89 
2.24 
3.00 
2.17 
2.83 

Packed 
boxes 
44.8 

1930 

do 

do 

do 

do 

199.7 

1930 
1930 
1930 

do 

do 

Light     

215.8 
53.7 
50.2 

1930 

do 

do 

do 

do 

do 

Medium                    .    

161.6 

1930 
1930 
1930 

":"do""":i"":"i"""" 

Heavy                       

78.5 
215.9 
48.6 

1930 

137.7 

1930 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do.... 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Heavy  . .      ... 

100.8 

1930 
1930 

Sandy  clay 

243.1 
230.8 

1930 

Sandy  loam            ...... 

220.9 

1930 
1930 
1930 

do 

Sandy  loam  and  silt  . 

71.3 
60.6 
54.0 

1930 
1930 

Medium . 

41.2 
128.6 

1930 

Heavy                               ..  . 

162.1 

1930 

Medium 

216.7 

1930 
1930 

do... 

Light 

154.6 
33.9 

1930 
1930 

do 

Heavy                           .  . 

214.8 
110.0 

1930 

Medium 

191.3 

1990 
1030 
1930 

do 

do 

Heavy            : 

136.5 
186.3 
158.3 

1930 

Medium  .   - 

206.4 

1930 
1930 
1930 
1030 
1030 
1030 

do 

;""do""I""""*""""-" 

Heavy 

211.0 
157.4 
151.4 
244.6 
132.4 
138.1 

1930 

261.8 

1030 
1930 

do 

Gravelly  loam , 

193.4 
97.4 

1030 
1030 

Sandy  loam 

156.4 
100.4 

1030 
1030 

172.4 
132.3 

1031 

do 

...  do 

Sftndy  loftTTi ,. 

432.0 

1031 

413.8 

1931 

do 

do 

do 

do 

do 

do 

Clay  loam 

411.1 

1031 

Sand 

404.5 

1031 

Light  to  medium  silt 

399.0 

1031 
1031 

Heavy 

389.9 
356.6 

1031 

365.9 

1931 

do 

do 

Sandy  loam . 

346.4 

1931 

338.1 

1931 
1031 

do 

do 

do 

Sandy  loam 

167.6 
161.6 

1031 

152.9 

1031 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Light  sand  and  loam  ... 

144.6 

1031 

Heavy 

131.2 

1031 

Loam 

130.8 

1031 
1031 
1031 

Heavy  loam...    .  .  .  . 

129.1 
102.4 
84.6 

1031 

Medium  loam 

72.3 

1031 

Sandy  loam 

213.6 

1031 

Medium 

149.9 

1031 

Sandy  loam 

171.2 

1031 

336.2 

1031 

do 

do 

do 

Medium  heavy 

197.7 

1031 
1931 

337.8 
213.5 

1931 

do 

do 

Sandy  loam 

212.3 

1931 

280.9 
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Table   13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  southern 
California — Continued 


VALENCIA  ORANGES— Continued 


Quantity  of  water 

Area 

Age 

Irri- 

received by  crop 

Yield 

Year 

Climatic  location 

Soil 

irri- 

of 

ga- 

gated 

trees 

tions 

Irriga- 
tion 

Rain- 
fall 

Total 

acre 

Num- 

Packed 

Acres 

Years 

ber 

Feet 

Feet 

Feet 

boxes 

1931 

Coastal 

Medium  loam 

5  0 

16 

6 

0  97 

0  99 

1  96 

196  6 

1931 

do 

7.5 

37 

5 

1.48 

.84 

2.32 

280.7 

1931 

do 

10.6 

19 

5 

1.45 

.84 

2.29 

304.2 

1931 

do 

32.0 

13 

4 

1.25 

.84 

2.09 

247  5 

1931 

do. 

17.0 

18 

7 

1.49 

.84 

2.33 

311.6 

1931 

....  do     .. 

Sandy  loam 

7  0 

12 

7 

1  67 

84 

2  51 

272  0 

1931 

do 

Medium  to  heavy 

10.0 

23 

5 

1.63 

.98 

2.61 

278.9 

1931 

do. 

Sandy  loam 

20.45 

13 

7 

1.14 

.99 

2.13 

174.6 

1931 

do 

Medium  sandy 

25.0 

17 

6 

1.66 

.99 

2.65 

290.1 

1931 

do 

do. 

Silt  loam 

7.0 
30.0 

'? 

6 
3 

1.61 

.88 

.99 
.80 

2.60 
1.68 

234.1 

1931 

Medium  Yolo. 

222.2 

1931 

do-.. 

12.0 

16 

4 

.88 

.99 

1.87 

211.1 

I«:<1 

do... 

do 

Silt  to  sand 

14.0 
9.0 

15 
12 

6 

7 

1.75 
1.60 

.99 
.99 

2.74 
2.59 

257.1 

1931 

Light 

225.5 

1931 

do 

Sandy  loam 

3.6 

15 

7 

2.00 

.99 

2.99 

252.3 

1931 

do.... 

9.0 

17 

6 

1.25 

.99 

2.24 

389.9 

1931 

do. 

do 

13.0 

17 

7 

1.53 

.99 

2.52 

247.6 

1931 

do. 

Sandy 

10.0 

9 

8 

2.30 

.99 

3.29 

92.2 

1931 

do 

Sand  and  sandy  loam. 

4.5 

15 

6 

2.09 

.99 

3.08 

286.7 

1931 

do 

10.0 

19 

8 

1.99 

.99 

2.98 

319.2 

1931 

do. 

Varies,  average  heavy. 

19.16 

10 

5 

1.74 

.80 

2.54 

264.3 

1931 

do 

9.0 
20.0 
12.0 

6.5 

19 
25 
20 
17 

9 
6 

7 
6 

2.04 
1.64 
1.78 
1.67 

.99 
.84 
.80 
.99 

3.03 

2.48 
2.58 
2.56 

234  4 

1931 

do 

254.9 

1931 

do 

Clay  loam 

234  7 

1931 

do 

Sandy  loam 

200.5 

1931 

do 

10.0 

12 

6 

1.50 

.99 

2.49 

316.0 

1931 

do 

Sandy  loam 

30.0 
10.0 

20 
20 

7 
8 

1.75 
3.88 

.98 
.80 

2.73 
4.68 

321  9 

1931 

do- 

do 

328.4 

1931 

Intermediate 

2.11 
4.19 

37 
13 

2.64 
1.05 

1.17 
1.17 

3.81 
2.22 

474  0 

1931 

do 

303.0 

1931 

do 

2.38 
2.41 
4.0 

29 
21 
17 

.86 
1.50 
1.86 

.98 
.96 
.96 

1.84 
2.46 
2.82 

303  0 

1931 

-—  do  ...  . 

249  0 

1931 

do.... 

239.0 

1931 

-—do 

9.0 

25 

1.41 

.96 

2.37 

236.0 

1931 

do 

8.69 

13 

1.51 

.96 

2.47 

200 

1931 

do 

8.74 

28 

1.35 

1.17 

2.52 

225 

1931 

do- 

4.94 

29 

2.29 

1.17 

3.46 

306 

1931 

do 

3.0 

30 

7 

1.82 

1.32 

3.14 

185 

1931 

do-. 

2.51 

29 

2.18 

1.17 

3.35 

136 

1931 

do.... 

4.04 

9 

1.89 

1.32 

3.21 

39 

1931 

do 

3.09 

17 

1.99 

1.17 

3.16 

167 

1931 

do 

1.61 

50 

1.60 

1.32 

2.92 

93 

1931 

do 

14.11 

16 

2.50 

.98 

3.48 

70 

1931 

do 

1.93 

37 

2.29 

.96 

3.25 

450 

1931 

do -. 

3.15 

15 

7 

1.47 

.96 

2.43 

150 

1931 

do. 

.66 

12 

2.23 

1.17 

3.40 

95 

1931 

do 

3.39 
20.0 

20 
11 

1.82 
1.54 

1.32 
1.27 

3.14 

2.81 

314 

1931 

Interior 

235 

WASHINGTON  NAVEL  ORANGES  i 


1923 

Intermediate 

1.78 
14.3 

1.78 
14.3 

1.78 
14.3 

1.78 
14.3 

6.00 
2.22 

31 
7 

32 
8 

33 
9 

34 

10 

11 

4 

4 
4 
6 
5 
5 
6 
7 



1.29 
1.61 
1.86 
2.46 
1.89 
1.78 
3.02 
2.44 

1.86 
1.42 

0.90 
.90 
.84 
.84 
.89 
.89 
M.72 
<1.72 

.96 
.96 

2.19 
2.51 
2.70 
3.30 
2.78 
2.67 
4.74 
4.16 

2.82 
2.38 

Field 
boxes 
170 

1923 
19?4 

do.... 

do.. 

329 
270 

19?4 

do 

170 

1925 

do. 

313 

1925 
1926 

do. 

do 

230 
404 

1926 

do 

248 

1931 

do. 

Packed 
boxes 
401 

1931 

do .-.. 

355 

1  These  data  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension  serv- 
ice, University  of  California. 
<  Of  the  total  rainfall  in  1926,  8.49  inches  fell  during  April, 


IRRIGATION  REQUIREMENTS  OP  ARID  LANDS 


63 


Table   13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  southern 
California — Con  tin  ued 

WASHINGTON  NAVEL  ORANGES— Continued 


Quantity  of  water 

Year 

Climatic  location 

Soil 

Area 
irri- 

r 

Irri- 

received  by  crop 

Yield 

gated 

trees 

tions 

IrriKB- 
tion 

Rain- 
fall 

Total 

acre 

Num- 

Packed 

Acres 

Yeart 

ber 

Feet 

Feet 

Feet 

boxes 

1931 

Intermediate 

4.37 
2.66 

25 
30 

2.23 
2.55 

0.96 
1.17 

3.19 
3.72 

379 

1931 

do 

453 

1931 

.....do 

11.63 

28 

1.53 

.96 

2.49 

437 

1931 

do 

6.28 

45 

1.31 

1.17 

2.48 

321 

1931 

do 

10.00 

28 

1.48 

1.17 

2.65 

318 

1931 

do 

8.94 

33 

1.32 

1.17 

2.49 

247 

1931 

do 

4.28 

33 

2.23 

1.17 

3.40 

364 

1931 

do 

2.75 

23 

6 

1.50 

.96 

2.46 

369 

1931 

do 

8.89 

18 

1.60 

1.32 

2.92 

367 

1931 

do.... 

2.78 

27 

2.52 

.96 

3.48 

410 

1931 

.....do 

2.72 

29 

2.02 

1.17 

3.19 

239 

1931 

do 

9.34 

27 

2.62 

1.32 

3.94 

344 

1931 

do 

6.60 

24 

2.33 

.96 

3.29 

242 

1931 

do 

4.40 

40 

2.29 

.96 

3.25 

280 

1931 

do 

3.67 

11 

1.38 

1.17 

2.55 

143 

1931 

do 

3.58 

12 

2.13 

1.32 

3.45 

73 

1931 

do 

2.77 

17 

1.99 

1.17 

3.16 

192 

1931 

do 

2.87 

31 

2.44 

1.32 

3.76 

365 

LEMONS  I 


1923 
1923 
1923 
1924 
1924 
1924 
1925 
1926 
1925 
1926 
1926 
1926 


1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1929 
1930 
1930 
1930 
1930 
1930 


1030 
1030 
1030 
1030 
1030 
1030 
1030 
1030 
1030 
1031 
1031 
1031 
1031 
1031 
1031 


Intermediate. 
do 


.do. 
.do- 
.do. 


.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 


CoastaL 
.....do.. 
.....do.. 

do.. 

.....do.. 
.....do.. 

do.. 

.....do.. 

do.. 

do-. 

do.. 

do.. 

do.. 

do.. 

do-. 

do- 

do.. 


.do. 
.do. 
-do. 


.do. 
.do. 
.do. 
.do. 
-do. 


-do. 
.do. 
.do. 


140 
200 
446 
256 
561 
807 
209 
688 
701 
374 
854 
764 

dot. 
296.0 
284.4 
220.8 
189.6 
144.8 
123.7 
96.1 
87.2 
77.0 
185.9 
192.4 
138.4 
123.2 

isai 

148.9 

137.7 

131.9 

75.4 

124.0 

88.8 

110.4 

77.4 

73.0 

35.2 

15.9 

264.4 

203.8 

195.9 

221.8 

192.4 

224.1 

>  These  data  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension  service. 
University  of  California. 
«  Of  the  total  rainfall  in  1926,  3.49  fnches  fell  during  April. 


Medium 

Heavy 

Medium 

do 

.....do 

.....do 

.....do 

Heavy 

do 

Medium 

do 

do 

do 

Heavy 

do 

Sandy  loam. 


Medium. 


Gravel  and  sandy  loam . 
Heavy 


Heavy 

Medium 

.....do 

.....do 


Medium. 
Heavy... 


9.86 

11 

5 

0.97 

0.90 

1.87 

3.07 

13-31 

4 

1.29 

.90 

2.19 

7.7 

4 

1.61 

.90 

2.51 

9.86 

12 

6 

1.50 

.84 

2.34 

2.07 

14-32 

4 

1.86 

;84 

2.70 

7.7 

6 

2.46 

.84 

3.30 

9.86 

13 

7 

1.58 

.89 

2.47 

2.07 

15-33 

5 

1.89 

.89 

2.78 

7.7 

5 

1.78 

.89 

2.67 

9.86 

14 

8 

1.49 

U.72 

3.21 

3.07 

16-34 

6 

3.02 

U,72 

4.74 

7.7 

7 

2.44 

U.72 

4.16 

15.0 

19 

5 

.98 

.87 

1.85 

5.5 

14 

4 

1.82 

.80 

2.62 

9.5 

16 

6 

2.15 

.80 

2.95 

2.25 

18 

6 

1.26 

.80 

2.06 

3.5 

14 

4 

2.22 

.84 

3.06 

2.0 

17 

4 

.67 

.79 

1.46 

3.5 

10 

3 

,45 

.87 

1.32 

5.0 

14 

4 

1.13 

.84 

1.97 

10.0 

15 

7 

.77 

.87 

1.64 

16.0 

20 

6 

.85 

.87 

1.72 

2.25 

19 

8 

1.42 

.87 

2.29 

9.6 

16 

5 

1.11 

1.02 

2.13 

3.5 

15 

5 

1.67 

1.13 

2.80 

6.5 

15 

4 

1.72 

1.02 

2.74 

2.76 

24 

5 

1.13 

1.08 

2.21 

5.0 

17 

6 

1.76 

1.13 

2.89 

20.0 

20 

6 

1.57 

1.08 

2.65 

3.5 

11 

7 

1.13 

.87 

2.00 

3.0 

22 

3 

1.14 

1.08 

2.22 

26.0 

20 

.75 

1.08 

1.83 

4.66 

24 

2.72 

1.08 

3.80 

13.9 

20 

.83 

1.13 

1.96 

18.0 

16 

1.63 

1.02 

2.66 

10.0 

16 

.33 

.87 

1.20 

2.0 

18 

.78 

1.08 

1.86 

15.0 

21 

1.36 

.98 

2.34 

9.5 

17 

.99 

.84 

1.83 

11.0 

23 

1.01 

.98 

1.99 

2.25 

20 

1.28 

.98 

2.24 

5.5 

16 

1.82 

.84 

2.66 

9.5 

16 

1.10 

.84 

1.94 
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Table  13. — Irrigation  water  applied,  rainfall,  and  crop  yields  in  souihern 
California — Continued 


LEMONS— Continued 


Climatic  location 

trees 

Irri- 
ga- 
tions 



Year 

Soil 

Area 
irri- 
gated 

Quantity  of  water 
received  by  crop 

Yield 

Irriga- 
tion 

Rain- 
fall 

Total 

per 

acre 

1931 

Coastal 

Black  adobe 

Acren 

2.75 

4.66 

5.0 

3.0 

10.0 

2.0 

3.5 

13.9 

9.15 
.  3.0 
7.17 
.8 
7.0 
4.38 

10.19 
2.62 

13.21 
1.11 
5.1 
5.84 
2.23 

25.0 
3.6 
6.0 
4.84 
2.39 
4.0 

10.0 

Yenr^ 
25 
25 
18 
22 
17 
19 
12 
21 

17 
40 
17 
22 
22 
23 
23 
29 
34 
17 
35 
11 
30 
17 
16 
35 
11 
17 
13 
11 

Num- 
ber 
5 
6 
7 
3 
5 
6 
6 
8 



Feet 
0.56 
3.67 
2.13 
.93 
.67 
1.52 
1.14 
1.06 

1.88 
1.81 
1.99 
1.24 
2.35 
2.33 
.89 
.79 
1.78 
1.38 
1.84 
2.52 
2.29 
2.42 
1.38 
1.85 
1.36 
1.28 
1.32 
2.17 

Feet 

0  KO 

Feet 
1.36 
4.47 
3.12 
1.73 
1.65 
2.32 
2.12 
2.05 

2.90 
2.98 
3.16 
2.22 
3.67 
3.65 
1.87 
1.77 
3.10 
2.55 
3.16 
3.84 
3.46 
3.40 
2.34 
2.81 
2.68 
2.60 
2.49 
3.44 

Cwt. 
186  4 

1931 
1931 

do 

do 

do. 

do 

Sandy  loam.. ..  .. 

80 
99 
80 
98 
80 
98 
QQ 

234.5 
167  2 

1931 

Medium  loam 

108.7 

1931 

96  8 

1931 

do 

Medium 

135  6 

1931 
1931 

do.— 

do 

Intermediate 

do 

115.3 
71  0 

1931 

1.02 
1.17 
1.17 
.98 
1.32 
1.32 
.98 
.98 
1.32 
1.17 
1.32 
1.32 
1.17 
.98 
.96 
.96 
1.32 
1.32 
1.17 
1,27 

Packed 
boxes 
502 

1931 

do. 

443 

1931 

do 

348 

1931 

do 

320 

1931 

do 

348 

1931 

do 

434 

1931 
1931 

do 

do.. 

252 
158 

1931 

.    .  do 

236 

1931 

do 

232 

1931 
1931 
1931 

do 

do 

do. 

300 
221 
398 

1931 
1981 

do 

do 

283 
219 

1931 

do 

200 

1931 
1931 

do 

do 

181 
121 

1931 

....  do  

158 

1931 

Interior.. 

388 

AVOCADOS 


1930 
1930 
1930 
1930 
1930 
1930 


1930 
1930 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 
1931 


Coastal 
-...do. 
.-..do. 
....do. 
....do. 
....do. 
....do- 
....do. 
-.-do. 
....do. 
.-..do. 
....do- 
„..do., 
....do.. 
....do. 
-..do. 
.-..do.. 
....do- 
....do.. 
-...do., 
.—do. 
—do. 
—.do-. 
...-do-. 
— -do- 
— -do., 
-..do.. 
....do.. 


Medium 

Heavy 

Light 

Medium 

do 

do 

Heavy 

do. 

Medium 

Light."-----'-""- 

Medium 

""dol""""---- 

Heavy... 

Medium 

do- 

do 

Heavy 

Medium 

Heavy 

Medium 

Light 

Medium... 

Heavy 


6.3 

4 

5 

1.70       0 

87 

2.57 

4.0 

4 

6 

.97 

87 

1.84 

1.98 

6 

4 

1.44 

87 

2.31 

8.77 

7 

8 

.22 

87 

1.09 

12.0 

7 

4 

1.46       1 

08 

2.54 

4.6 

7 

7 

1.67 

87 

2.54 

6.5 

9 

7 

1.32       1 

02 

2.34 

15.0 

9 

8 

.80       1 

08 

1.88 

4.0 

11 

7 

2.88       1 

02 

3.90 

7.0 

3 

10 

1.67 

87 

2.54 

4.5 

8 

6 

1.55 

98 

2.53 

8.77 

8 

11 

2.25 

98 

3.23 

1.98 

6 

6 

2.52 

98 

3.50 

2.0 

5 

6 

1.12 

98 

2.10 

6.3 

6 

5 

1.77 

98 

2.75 

1.82 

5 

9 

1.10 

98 

2.08 

7.5 

6 

10 

2.86 

98 

3.84 

6.75 

14 

4 

1.61 

80 

2.41 

12.0 

8 

4 

1.80 

80 

2.60 

5.5 

8 

6 

.89 

84 

1.73 

4.0 

5 

4 

.73 

98 

1.71 

2.86 

5 

5 

1.87 

98 

2.85 

4.0 

12 

23 

2.87 

84 

3.71 

20.0 

8 

12 

2.86 

98 

3.84 

3.5 

3 

12 

.73 

98 

1.71 

5.7 

3 

7 

.57 

98 

1.55 

4.0 

3 

7 

.64 

98 

1.62 

7.0 

4 

11 

1.78 

98 

2.76 

1  These  data  obtained  from  individual  growers  by  the  county  farm  advisor,  agricultural  extension 
service,  University  of  California. 
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INTRODUCTION 

The  United  States  imports  annually  from  Japan  large  quantities  of 
menthol,  an  important  aromatic  chemical  used  extensively  in  many 
medicinal,  pharmaceutical,  and  other  preparations.  It  is  obtained 
in  Japan  from  the  volatile  oil  distilled  from  Japanese  mint  (Mentha 
arvensis  piperascens  Malinvaud),  which  is  widely  cultivated  in  that 
country  where  it  is  one  of  the  important  crops.  A  synthetic  menthol 
is  on  the  market,  but  the  natural  product  is  obtained  almost  entirely 
from  this  mint  which  is  grown  commercially  almost  exclusively  in 
Japan.  It  follows,  therefore,  that  domestic  consuming  industries  are 
largely  dependent  on  that  country  for  their  requirements  of  this 
important  natural  product. 

The  cultivation  of  peppermint  and  spearmint  has  long  been  a 
speciaUzed  industry  in  certain  sections  of  the  United  States.  The 
ods  obtained  from  these  mints  occupy  important  positions  among 
the  volatile  oils  produced  and  consumed  in  this  country,  and  their 
production  has  gradually  increased  as  their  uses  in  the  manufacture 
of  many  products  have  been  extended.     The  cultivation  of  these 

>  The  writers  wish  to  acknowledge  the  valuable  cooperation  of  the  following:  The  Vick  Chemical  Co., 
Greensboro,  N.C.,  which  assisted  in  defraying  the  expense  of  the  field  work  for  several  years  and  contrib- 
uted much  of  the  data  from  the  Southeastern  States;  Essential  Products  Co.,  of  California;  the  Alabama 
Polytechnic  Institute;  the  Virginia  Polytechnic  Institute;  the  schools  of  pharmacy  of  the  State  universities 
of  Florida,  North  Carolina,  and  Oklahoma,  and  the  many  individuals  who  contributed  samples  of  oil  or 
data  regarding  such  from  various  localities.  Acknowledgment  is  also  due  O.  M.  Freeman,  assistant 
botanist,  Bureau  of  Plant  ladustry,  wbo  wrote  the  description  of  the  plant. 
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mints  has  been  investigated  by  the  United  States  Department  of 
Agriculture  and  the  results  have  been  published,^  but  until  recent 
years  no  serious  attention  had  been  given  to  the  possibilities  of  grow- 
ing Japanese  mint  in  this  country.  When  it  is  considered  that  the 
several  species  of  mint  under  cultivation  in  the  world  do  not  differ 
greatly  in  their  cultural  requirements,  the  possibility  of  introducing 
Japanese  mint  into  this  country  naturally  suggests  itself.  It  was 
with  the  purpose  of  thoroughly  studying  the  requirements  of  this 
plant,  its  behavior  under  conditions  prevailing  in  the  mint-growing 
sections  and  elsewhere,  and  its  general  possibilities  as  a  crop  in  the 
United  States  to  furnish  a  domestic  source  of  natural  menthol,  that 
this  investigation  was  undertaken. 

The  two  principal  objectives  of  the  investigations  of  Japanese  mint 
were:  (1)  To  study  the  general  behavior  of  the  plant  under  various 
conditions  and  in  various  localities  to  determine  the  possibilities  of 
its  successful  culture  from  the  agronomic  standpoint;  and  (2)  to 
collect  and  interpret  data  concerning  the  quality  of  the  oil  produced, 
with  special  reference  to  its  menthol  content,  and  to  note  the  gradual 
effect  of  soil  and  climate,  particularly  whether  a  progressive  decline 
in  menthol  content  would  result  from  continued  cultivation  of  the 
plant  in  this  country. 

The  experiments  were  begun  in  1919  by  G.  A.  Russell,  who  was  in 
direct  charge  of  the  investigation  up  to  the  time  of  his  resignation 
from  the  Department  on  December  31,  1924,  and  the  data  for  that 
period  are  taken  from  his  unpublished  reports. 

USES  AND  IMPORTANCE  OF  MENTHOL  IN  THE  UNITED  STATES 

'  According  to  available  records,  it  appears  that  menthol  first  came 
on  the  market  for  commercial  purposes  about  1875,  and  thereafter 
its  uses  were  rapidly  extended,  although  the  consumption  continued 
relatively  small  for  many  years.  Its  value  for  medicinal  and  phar- 
maceutical purposes  was  officially  recognized  in  this  country  in  1894, 
when  it  was  included  in  the  seventh  revision  of  the  United  States 
Pharmacopoeia.  At  the  present  time  it  is  used  extensively  for  inter- 
nal and  external  medicine,  and  to  a  less  extent  in  confectionery  and 
perfumery.  The  increasing  use  of  this  product  in  the  United  States 
is  indicated  in  table  1,  which  shows  the  quantities  imported  since 
1908.     The  consumption  seems  to  have  become  stabilized  at  around 

Table  1. — Quantity  of  menthol  imported  into  the  United  States  from  1908  to  1931  ^ 


Year  2 

Quantity  3 

Year  2 

Quantity  3 

Year  2 

Quantity  3 

Year  2 

Quantity^ 

1908 

Pounds 
20,183 
23,183 
23,051 
50, 533 
51,720 
49, 896 

1914 

Pounds 
127, 924 
111,020 
145,  203 
172,  767 
172,460 
296, 179 

1920             -  . 

Pounds 
205, 911 
164,986 
182,  287 
197,  476 
193.300 
293,800 

1926 

Pounds 
458,600 

1909 

1915 

1921 

1927 

369,000 
254, 000 

1910... 

1916 

1922 

1928...- - 

1911 

1917 

1923 

1924 

1925 

1929 

296,000 

1912. 

1918 

1930 

308,000 

1913 ,... 

1919 

1931 

326, 100 

1  Figures  are  from  Foreign  Commerce  and  Navigation  of  the  United  States,  issued  by  the  United  States 
Department  of  Commerce. 

,  2  Fiscal  years  up  to  and  including  1918;  thereafter  calendar  years.    The  imports  for  the  6-month  period 
from  July  1  to  Dec.  31,  1918,  are  omitted. 

3  From  1908  to  1923,  inclusive,  the  quantities  given  represent  imports  for  consumption;  from  1924  to 
1931,  general  imports. 


2  SlEVERS,  A.  F.,  PEPPERMINT  AND  SPEARMINT  AS  FARM  CROPS. 

26p.,  illus.    1929. 


U.S.  Dept.  Agr.  Farmers'  Bui.  1555, 
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300,000  pounds  annually.  Although  the  consumption,  as  indicated 
by  the  imports,  shows  a  reasonably  steady  upward  trend  up  to  about 
1926,  the  value  of  this  commodity  has  fluctuated  greatly,  as  is  readily 
apparent  from  figure  1,  in  which  the  price  quotations  as  given  in 
trade  journals  are  shown  at  3-month  intervals  from  1913  to  1931. 


22  — 

K 
< 

|u 

1 

hfK 

^.ol 

\ 

i 

/I 

r 

\ 

V 

y. 

N 

/  \ 

J 

] 

\ 

\ 

j 

\ 

y 

V, 

y^ 

^ 

^^ 

'*C=^ 

' 

^ 

^^ 

J 

1913     1914      I9I»      1918     1917      1918      1919     1920    1921     1922     1923     1924    1925     1926    1927     1928    1929    1930     1931      1932 

Figure  l.— Fluctuations  in  menthol-price  quotations  for  the  period  1913  to  1931. 

It  will  be  seen  from  the  price  curve  (fig.  1)  that  there  have  been  two 
periods  during  which  the  market  value  of  menthol  increased  greatly. 
In  the  postwar  period  it  reached  $13  a  pound,  which  was  followed  by  a 
rapid  decline  to  nearly  the  previous  level.  In  1923  occurred  the  earth- 
quake in  Japan  which  severely  affected  menthol  prices  immediately, 
forcing  them  up  to  as  high  as  $20  a  pound.  The  general  effect  of  this 
disaster  on  the  menthol  market  was  felt  during  1924  and  1925,  during 
which  period  the  price  level  held  well  above  $10  a  pound.  The  follow- 
ing year  there  began  a  gradual  decline,  and  during  the  last  5  years 
the  price  level  has  been  consistently  low. 

The  fact  that  natural  menthol  is  obtained  so  largely  from  Japan, 
and  the  severe  effect  on  the  market  value  of  the  commodity  caused 
by  any  situation  that  interferes  with  either  its  production  or  its 
importation,  emphasizes  the  extent  to  w^hich  the  industries  that 
require  it  are  dependent  on  that  country.  In  the  future  the  extent 
to  which  synthetic  menthol  will  replace  the  natural  product,  especially 
when  the  normal  supply  of  the  latter  is  inadequate,  will  be  an  impor- 
tant factor.  It  may  well  be  assumed  that  the  availability  of  the 
synthetic  product  for  some  purposes  will  have  a  steadying  effect  on 
thie  market  and  a  tendency  to  cause  the  maintenance  of  a  lower  price 
level. 


BOTANICAL   DIFFERENCES    BETWEEN    THE   JAPANESE    MINT   AND 

PEPPERMINT 

The  Japanese  mint  (Mentha  arvensis  piperascens)  ^  in  its  general 
behavior,  its  cultural  requirements,  its  rootstock  whereby  it  multi- 
plies, and  in  other  respects,  bears  much  resemblance  to  peppermint 
(M.  piperita  L.).     However,  the  two  plants  differ  greatly  m  some 
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important  features,  as  is  shown  in  figures  2  and  3,  and  when  seen 
side  by  side  are  easily  distinguished  from  one  another.  In  the 
following  paragraph  O.  M.  Freeman,  assistant  botanist.  Bureau  of 


Figure  2.— Flowering  top  of  Japanese  mint  (Mentha  arvensis  piperascens). 

Plant  Industry,  has  indicated  the  chief  differences  between  the  two 
plants: 

Japanese  mint  (Mentha  arvensis  piperascens)  is  a  perennial  herb  spreading  by 
rootstocks  which  creep  along  the  ground  or  just  under  the  surface  and  root  at 
the  nodes.  The  erect  stems  of  midsummer,  1  to  3  feet  in  height,  are  usually 
branched  and  bear  flower  clusters  in  the  leaf  axils.  This  differs  from  pepper- 
mint, M.  piperita,  which  bears  its  flowers  in  more  or  less  interrupted,  terminal, 
usually  leafless,  spikelike  panicles.     The  stems  of  Japanese  mint  are  covered  with 
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soft  white  hairs,  as  arc  the  leaves  and  calyces.  Peppermint  is  usually  glabrous 
throughout,  and  if  hairs  are  present  they  are  sparse  and  are  mostly  near  the 
nodes  at  the  lower  part  of  the  stems.  The  leaves  of  Japanese  mint  are  lanceolate 
and  broad-lanceolate  with  triangular  blunt  teeth.     The  leaf  is  gradually  acumi- 


FiGURE  3.— Flowering  top  of  peppermint  (Mentha  piperita). 


nate  at  the  base  with  a  margin  extending  nearly  to  the  base  of  the  petiole.  The 
leaf  of  peppermint  is  similar,  but  differs  in  having  sharper  acuminate  teeth,  and 
the  base  is  acute  or  abruptly  acuminate  with  the  petiole  scarcely  margined. 
Peppermint  rarely,  if  ever,  produces  seed  in  the  United  States  while  Japanese 
mint  produces  seed  freely. 
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COMPARISON  OF  OILS    FROM   JAPANESE  MINT    AND   PEPPERMINT 

The  oils  distilled  from  the  Japanese  mint  and  peppermint  differ  in 
two  important  respects  which  determine  their  relative  usefulness  for 
certain  purposes.  (1)  Japanese-mint  oil  contains,  when  produced 
under  favorable  conditions,  from  75  to  85  percent  of  menthol,  of  which 
up  to  90  percent  is  usually  present  as  such,  while  the  remainder 
occurs  in  combination  as  esters.  Peppermint  oil,  on  the  other  hand, 
contains  approximately  only  50  percent  of  menthol,  this  also  being 
present  largely  as  such.  (2)  Peppermint  oil  has  the  pleasant,  aromatic 
flavor  that  has  long  been  accepted  by  the  consumer  as  the  character- 
istic peppermint  flavor,  whereas  Japanese-mint  oil  is  described  as 
harsh  and  lacking  in  the  fine  bouquet  that  distinguishes  the  other. 
Tliis  so-called  bouquet  is  due  to  the  combined  effect  of  several  other 
constituents  present  rather  than  to  the  menthol,  although  the  latter  is 
responsible  for  the  peculiar  ^'cooling"  sensation  associated  with  the 
peppermint  flavor.  These  important  differences  in  the  character  of 
the  two  oils  determine  the  uses  to  which  each  has  beeii  put  and  have, 
under  normal  conditions,  prevented  the  substitution  of  the  one  for 
the  other. 

Owing  to  its  much  higher  content  of  menthol,  the  Japanese-mint  oil 
is  a  much  more  valuable  source  of  this  product  than  peppermint  oil. 
A  large  proportion  of  the  menthol  can  be  removed  from  it  by  refrig- 
eration, and  additional  quantities  can  be  subsequently  removed  by 
fractionation  and  other  treatment.  Peppermint  oil  can  be  utilized 
commercially  as  a  source  of  menthol  only  when  the  latter  is  abnormally 
high  in  price  and  the  oil  is  relatively  cheap.  Consequently,  the  world 
supply  of  natural  menthol  is  derived  entirely  from  Japanese-mint  oil 
whenever  such  oil  is  available  and  normal  trade  relations  are  not 
interfered  with. 

For  flavoring  purposes  peppermint  oil,  for  the  reason  stated,  is  much 
superior  to  Japanese-mint  oil.  In  high-grade  confections  and  other 
products  in  which  the  peppermint  flavor  predominates  the  latter 
cannot  be  used  without  unfavorably  affecting  such  products.  For 
cheaper  goods,  or  in  countries  where  the  public  is  less  discriminating 
than  in  the  United  States,  Japanese-mint  oil  may  at  times  be  used, 
especially  when  it  is  available  at  a  lower  price.  Dementholized 
Japanese-mint  oil,  that  is,  the  oil  from  which  some  of  the  menthol  has 
been  removed,  no  doubt  finds  a  market  at  times  for  such  purposes. 
In  the  enforcement  of  the  Federal  Food  and  Drugs  Act  it  has  been 
assumed  that  the  public,  when  buying  products  designated  as  mint 
flavored,  expects  that  such  products  contain  peppermint  oil,  and  it 
has  been  ruled,  therefore,  that  products  in  which  Japanese-mint  oil 
is  used,  whether  natural  or  dementholized,  must  be  labeled  "flavored 
with  corn  mint"  or  '^flavored  with  field  mint. ''^ 

FIELD  TESTS  AND  OBSERVATIONS 

The  earliest  recorded  attempt  to  cultivate  Japanese  mint  in  the 
United  States  appears  to  have  been  in  1885,  when  J.  W.  Colcord  set 
out  about  50  plants  at  Lynn,  Mass.*  Two  crops  were  secured  the 
following  year,  but  there  seems  to  be  no  record  of  the  final  outcome 

3  United  States  Department  of  Agriculture,    corn-mint  oil.  U.S.  Dept.  Agr.  Serv.and  Regulat. 
Announc.  Chem.  28;  35-36. 
*  Anonymous.    Japanese  peppermint  in  America.    Chemist  and  Druggist  31:  73,  1887. 
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of  the  experiment.  Other  attempts  may  have  been  made  from  time 
to  time  without  definite  results,  reports  of  which  did  not  get  into  the 
literature. 

SOURCES  OF  PLANTING  STOCK 

For  a  number  of  years  prior  to  1919  the  Division  of  Drug  and 
Related  Plants,  Bureau  of  Plant  Industry,  secured  mint  plants  from 
Japan  that  were  reported  to  be  of  the  type  grown  commercially  in 
that  country  for  the  production  of  menthol.  These  plants,  however, 
were  found  undesirable  because  the  oils  obtained  from  them  did 
not  contain  sufficient  menthol.  The  first  authentic  material,  consist- 
ing of  roots,  was  received  in  December  1919,  through  Koji  Abiko, 
agronomist,  from  the  Hokkaido  Agricultural  Experiment  Station, 
Japan.  These  roots  were  planted  m  quarantine,  where  they  were 
kept  throughout  the  following  year.  By  the  spring  of  1921,  14 
plants  obtamed  from  these  roots  were  finally  made  available  to  the 
Division  of  Drug  and  Related  Plants,  but  only  1  of  these  survived. 
From  this  1  plant,  cuttings  were  made  during  the  winter  of  1921-22. 

The  rooted  cuttings  were  planted  in  clay-loam  soil  at  the  Arlington 
Experiment  Farm  of  the  United  States  Department  of  Agriculture, 
Rosslyn,  Va.,  in  May  1922.  They  made  a  fair  growth,  started  to 
bloom  early  in  July,  and  were  harvested  in  October,  much  later  than 
desirable.  Fresh  herb  at  the  rate  of  6,000  pounds  per  acre  was  ob- 
tained. This  was  distilled,  but,  due  to  faulty  equipment,  some  of  the 
oil  was  lost,  and  therefore  accurate  data  on  the  jdeld  were  not  ob- 
tained. The  oil  was  examined  with  the  following  results:  Specific 
gravity  at  25°  C,  0.9010;  acid  value,  0;  menthol  as  esters,  18  percent; 
free  menthol,  70.69  percent;  total  menthol,  88.69  percent.  The 
relatively  large  proportion  of  menthol  in  combination  as  esters  was 
no  doubt  due  to  the  fact  that  the  oil  was  not  distilled  until  long  after 
the  full-blooming  period.  The  hi^h  total  menthol  content,  however, 
was  sufficient  evidence  that  the  original  planting  stock  was  of  a  desir- 
able type.  Subsequently,  these  plants,  designated  as  M-2,  furnished 
most  of  the  planting  stock  for  experiments,  at  the  Arlington  Experi- 
ment Farm  and  elsewhere. 

Plants  also  were  received  from  other  sources.  In  1922  a  small 
bed,  designated  as  exhibition  bed  no.  33,  was  set  out  with  plants 
propagated  from  a  single  plant  with  a  strong  menthol  odor,  selected 
from  a  small  planting  of  doubtful  origin  that  had  been  maintained 
for  a  number  of  years.  No  propagating  stock  was  at  any  time  taken 
from  this  bed,  but  it  was  kept  undisturbed  for  7  years,  and  the  charac- 
ter of  the  oil  obtained  from  it  was  observed  throughout  that  period. 
Thus  it  was  possible  to  note  the  effect  on  the  menthol  content  of  pro- 
longed culture  of  the  plant  in  the  same  locality,  and  on  the  same  plot 
of  ground  without  replanting  and  with  practically  no  working  of  the 
soil,  with  the  exception  of  light  surface  tillage  in  the  spring  and  some 
hand  weeding.  This  planting  was  designated  M-1.  The  condition 
of  the  plants  m  this  bed  in  the  fourth  year  is  shown  in  figure  4. 

In  January  1922,  a  mint  grower  in  Colon,  Mich.,  obtained  some 
plants  from  Japan  labeled  "Bingo  Bitchu,"  reported  to  be  a  high 
menthol-yielding  strain.  After  a  period  in  qiiarantine,  six  of  these 
plants  were  retained  in  the  Department  and  propagated  in  the  green- 
house until  the  spring  of  1923  when  a  100-foot  row  was  set  out  on 
clay-loam  soil  in  section  E  and  designated  M-3. 
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The  Division  of  Foreign  Plant  Introduction,  Bureau  of  Plant 
Industry,  received  a  supply  of  mint  plants  in  December  1923,  from 
the  Kitami  branch  of  the  Hokkaido  Experiment  Station,  Nokken- 
shimachi,  Kitami,  Japan.  They  were  in  such  poor  condition  that 
only  nine  were  obtained  from  quarantine  for  propagating.  They 
were  set  in  a  bed  under  the  slat  shade  at  the  Arlington  farm,  and  in 
1925  a  row  in  section  E  was  planted  with  runners  obtained  from  this 
bed.     These  plants  were  labeled  M-6. 

A  consignment  of  plants  was  received  in  1923  from  Greensboro, 
N.C.,  where  they  were  propagated  in  the  greenhouse  from  stock  ob- 
tained from  Japan.  These  were  also  set  out  in  a  100-foot  row  in 
section  E  and  labeled  M-5. 

All  of  the  foregoing  plantings  were  maintained  where  originally 
planted.     As  stated,  M-1  in  exhibition  bed  no.  33  could  not  be  given 


Figure  4,— Condition  of  plants  in  exhibition  bed  no.  33  after  4  years  with  only  light  surface  tillage  in  the 

spring  and  some  hand  weeding. 

any  cultural  treatment,  but  those  planted  in  rows  were  cultivated, 
hoed,  weeded,  and  in  some  cases  new  rows  were  set  out  from  the  old 
after  the  plants  had  spread  enough  to  prevent  further  working  of  the 
soil.  All  were  fertilized  occasionally  with  manure  to  maintain  reason- 
able soil  fertility  and  to  improve  the  physical  condition  of  the  heavy 
clay  loam.  Only  the  M-2  stock  was  used  for  trials  elsewhere,  both 
on  the  silt-loam  soil  of  the  farm  flats  and  in  various  sections  of  the 
country  where  cooperators  desired  to  experiment  with  this  mint. 

PROPAGATION  AND  CULTURE 

Mint  plants  grow  and  spread  through  numerous  underground  run- 
ners, hence  they  require,  for  normal  development,  a  deep  soil,  rich  in 
humus  and  retentive  of  moisture,  but  well  drained.  Light  loose 
soils  that  dry  out  quickly  and  heavy  clay  soils  are  equally  unsuitable 
for  mint  culture.  Favorable  types  are  muck  land,  sandy  loam  river- 
bottom  land,  and  well-cultivated  loamy  upland.     Peppermint   and 
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spearmint  have  been  satisfactorily  cultivated  on  such  soils,  and  there 
is  ample  evidence  that  these  should  also  be  selected  for  Japanese  mint. 
Propagation  is  usually  by  means  of  runners  in  the  same  way  as 
peppermmt  is  propagated.  If  possible,  ground  that  has  been  deeply 
cultivated  and  kept  free  from  weeds  the  previous  season  should  be 
selected,  in  order  to  assure  rapid  root  growth  and  a  minimum  growth 
of  weeds.  It  is  well  prepared,  and  furrows  about  3  feet  apart  are 
opened  to  a  depth  of  4  inches.  The  roots  are  placed  end  to  end  in 
these  furrows  and  then  covered  with  soil  which  is  lightly  packed  down. 
Wlien  the  young  plants,  developing  from  the  roots,  appear  above  the 

f round  the  field  is  harrowed  with  a  light  spike-toothed  harrow  to 
eep  the  ground  mellow  and  to  destroy  weeds.  Later,  a  com  culti- 
vator may  be  used  between  the  rows  until  the  runners  begin  to  grow 
into  this  space,  when  cultivation  must  be  discontinued.  Hand 
weeding  must  then  be  resorted  to  if  conditions  require  it.  As  this  is 
expensive,  it  is  undesirable  to  select  ground  that  is  especially  weedy. 
Weeds  are  usually  a  more  serious  problem  on  muck  soils  than  on  other 
types  of  ground.  If  conditions  favor  a  rapid  growth  of  the  mint  the 
weeds  are  in  part  controlled  by  being  deprived  of  proper  sunlight, 
particularly  within  the  rows. 

Japanese  mint  does  not  develop  such  an  abundance  of  runners  as 
does  peppermint,  and,  therefore,  produces  less  propagating  material 
than  the  latter,  but  the  runners  are  not  the  only  means  of  enlarging  a 
planting.  When  the  young  plants  that  come  up  from  the  root  system 
in  large  numbers  are  about  4  or  5  inches  high  they  can  be  pulled  out  of 
the  ground  readily  with  a  small  piece  of  rootstock  attached  and 
transplanted  with  small  loss.  They  are  usually  set  about  15  inches 
apart  in  the  row.  These  young  plants  wilt  easily,  and  care  must  be 
taken  to  prevent  this  as  much  as  possible,  because  wilted  plants  do  not 
become  established  easily,  and  considerable  loss  will  result.  A  good 
plan  is  to  place  the  plants  in  a  bucket  containing  enough  water  to 
cover  the  roots  and  transfer  them  as  promptly  as  possible  directly  from 
the  bucket  to  the  soil.  As  the  setting  of  plants  by  hand  is  a  slow 
operation,  it  is  recommended  that  plant-setting  machines,  such  as 
are  used  for  setting  tobacco  and  tomato  plants,  be  used  when  large 
areas  are  to  be  planted.  In  figure  5  a  transplanter  is  shown  planting 
Japanese  mint  in  California. 

Another  method  of  propagating  is  by  vegetative  cuttings.  These 
are  made  from  the  herbaceous  portion  of  the  plant  in  much  the  same 
way  as  other  vegetative  cuttings.  They  are  rooted  in  sand  and  are 
then  transferred  to  pots  or  set  directly  m  the  field.  In  one  case  the 
rooted  cuttings  were  taken  from  the  sand  bed  and  set  in  the  field 
with  only  5  percent  loss.  This  method  is  doubtless  more  expensive 
than  those  previously  described,  but  it  is  very  practicable  for  experi- 
mental work  where  it  is  desired  to  enlarge  the  planting  without  digging 
up  the  runners. 

Under  certain  conditions,  when  planting  stock  is  scarce  and  costs 
are  of  secondary  importance,  a  small  quantity  of  runners  can  be  made 
to  produce  many  plants  by  cutting  them  into  small  pieces  and  planting 
them  in  2-inch  or  3-inch  pots  in  the  greenhouse.  This  method  is 
very  satisfactory  for  experimental  purposes  but  is  too  expensive  when 
providing  stock  for  large  areas. 

Japanese  mint  produces  seed  rather  freely  and  the  plant  may  be 
propagated  by  this  means,  but  the  method  is  unsatisfactory  and  does 

177225*— 33 2 
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not  produce  plants  uniformly  true  to  type.  In  1923  the  plants  grow- 
ing in  section  E  on  the  Arlington  farm  and  designated  M-3  were 
allowed  to  mature  and  produce  seed.  This  was  collected  late  in  the 
fall  and  sown  in  the  greenhouse  the  following  March.  It  germinated 
quickly  and  uniformly  and  in  3  weeks  produced  a  fine  stand  of  seed- 
lings, some  of  which  were  planted  in  pots.  Early  in  June  these  were 
set  in  the  field  without  loss.  Other  seedlings  were  planted  directly 
to  the  field  on  the  same  day  without  having  been  previously  trans- 
planted to  pots.  The  loss  in  this  case  approximated  50  percent. 
By  the  middle  of  August  the  plants  presented  a  variegated  appear- 
ance.    The  leaves  ranged  in  type  from  small  crinkly  ones  to  unusually 


Figure  5.— Transplanter  being  used  in  setting  Japanese  mint  plants  in  California. 

large  ones.  The  plants  were  from  8  to  12  inches  high,  and  some  were 
well  branched  while  others  were  but  sparsely  branched.  The  flower- 
ing was  very  irregular.  The  dry  herb  yielded  on  distillation  1.58  per- 
cent of  oil,  with  the  following  physical  constants  at  25°  C:  Specific 
gravity,  0.8987 ;  index  of  refraction,  1.4555 ;  angle  of  rotation,  —  35.99°. 
These  constants  are  within  the  range  of  those  of  a  normal  oil,  but  the 
menthol  content  was  much  too  low.  The  oil  contained  52.41  percent 
free  menthol  and  7.8  percent  of  menthol  as  esters,  or  60.21  percent 
total  menthol.  The  experiment  demonstrates  that  propagation  from 
seed  would  bp  entirely  unsatisfactory  even  if  it  were  not  more  expen- 
sive and  did  not  involve  more  labor  than  the  recommended  methods. 
The  cultiiral  conditions  that  affect  the  cultivation  of  Japanese 
mint  most  unfavorably  are  soil  acidity,  spring  frosts,  and  drought, 
tn  extensive  field  tests  in  several  localities  in  North  Carolina^  it  was 
proved  conclusively  that  in  acid  soils  the  plant  will  make  a  very  poor 
growth.  This  is  plainly  indicated  in  figure  6,  which  shows  the  poor 
condition  of  the  plants  in  sections  of  the  field  where  the  soil  was  very 
acid,  as  compared  with  the  condition  of  plants  in  sections  in  which  the 
soil  was  neutral  or  only  slightly  acid.  A  field  where  the  soil  is  known 
or  suspected  to  be  acid  should,  therefore,  not  be  selected  for  this  crop 
unless  the  condition  can  first  be  corrected  by  an  application  of  lime. 

«  Conducted  by  Vick  Chemioal  Co. 
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Japanese  mint  is  somewhat  more  unfavorably  affected  by  cold  than 
is  peppermint.  If  a  late  spring  frost  kills  the  young  plants  that  have 
appeared  above  the  ground,  new  growth  is  slow  in  developing,  and 
if  the  damage  comes  when  the  plants  are  3  or  4  inches  high  the  root 
system  does  not  appear  to  be  capable  of  producing  new  growth  in 
sufficient  quantity  to  make  a  normal  stand.  Not  only  is  the  crop 
yield  thus  directly  reduced,  but  the  thinner  stand  results  in  a  heavier 
weed  growth  and  less  conservation  of  soil  moisture,  and  these  factors 
further  contribute  to  an  unsatisfactory  yield. 

The  development  of  creeping  rootstocks,  which  is  characteristic 
of  Japanese  and  other  mints,  requires  considerable  rainfall  well  dis- 
tributed throughout  the  growing  season.  Periods  of  drought  greatly 
retard  the  growth  of  the  plants,  and  the  consequent  reduction  in  herb 
development  lowers  the  yield  of  oil  obtainable.     It  also  causes  the 


Figure  6.— A  field  of  Japanese  mint  at  Sands,  N.C.,  showing  on  the  left  the  serious  effect  .of  soil  acidity  on 

this  plant. 

leaves  to  fall,  especially  those  on  the  lower  parts  of  the  plant,  wliich 
further  reduces  the  oil  yield. 

Some  experiments  on  the  effects  of  fertilizers  on  the  growth  of  the 
crop  and  on  the  yield  and  quality  of  the  oil  were  undertaken  in  1923 
on  the  ArUngton  farm  flats.  The  fertilizer  plots  were  not  continued 
in  subsequent  years  because  the  roots  were  needed  as  planting  stock 
elsewhere,  therefore,  the  results  were  inconclusive.  Some  beneficial 
effect  of  potash  on  herb  yield  and  on  the  menthol  content  of  the  oil 
was  indicated,  but  definite  conclusions  from  such  a  limited  test  are 
entirely  unwarranted.  Mention  is  made  of  tliis  single  experiment 
because  the  results  point  to  the  importance  of  a  thorough  study  of 
this  subject.  In  1928  and  1929  well-planned  fertilizer  tests  on  a 
considerable  scale  were  made  in  a  number  of  locaUties  in  North  Car- 
oUna.®  The  complete  data  obtained  in  these  tests  have  not  been 
published,  but  it  is  reported  that  whereas  the  first  year's  results  gave 
very  definite  indications  of  important  effects  of  certain  fertilizer 
elements,  some  contrary  indications  were  obtained  the  following  year. 
It  is  obvious  that  information  concerning  the  effects  of  fertilizers  on 

•  Conducted  by  Vick  Chemical  Co. 
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Japanese  mint  and  their  bearing  on  the  economic  aspects  of  this  crop 
is  not  yet  available  and  that  an  elaborate  series  of  carefully  controlled 
experiments  over  a  period  of  years  will  be  necessary. 

HARVESTING 

The  harvesting  of  Japanese  mint  should  take  place  when  the  plants 
are  as  nearly  as  possible  in  what  is  usually  referred  to  as  the  full- 
blooming  stage.  The  flowers  of  the  mints  develop  progressively,  that 
is,  there  is  no  time  when  all  the  flowers  on  a  plant  are  at  the  same 
stage.  There  is  a  time,  however,  when  the  field,  as  a  whole,  shows  a 
maximum  amount  of  bloom,  and  that  is  the  proper  time  to  harvest 
the  crop.  This  may  be  accomplished  either  with  grass  scythes  or 
with  a  mowing  machine,  depending  on  the  area  under  cultivation, 
the  cost  of  hand  labor,  and  other  factors  (fig.  7).  The  cut  herb  may 
be  distilled  immediately  or  allowed  to  wilt  for  some  time  in  the  field, 
according  to  the  practice  followed  with  peppermint  and  spearmint 


Figure  7.— Harvesting  Japanese  mint  with  scythes  at  South  Bend,  Ind. 

herb. 7  It  may  be  left  in  the  swath  until  ready  to  be  distilled,  or 
raked  into  windrows  after  a  period  of  wilting  and  then  placed  in 
cocks  like  hay  for  further  curing  (fig.  8).  It  should  not  be  allowed  to 
dry  enough  to  become  brittle,  because  when  handled  in  that  condi- 
tion many  of  the  leaves  will  be  lost,  thus  reducing  the  oil  yield.  The 
importance  of  avoiding  the  loss  of  leaves  is  readily  ascertained  by 
distilling  the  leaves  and  stems  separately.  One  such  test  gave  the 
following  results:  Weight  of  whole  herb  thoroughly  air  dried,  3,008 
grams;  weight  of  leaves,  1,812  grams;  weight  of  stems,  1,196  grams; 
percentage  of  leaves,  60.23;  percentage  of  stems,  39.77;  yield  of  oil 
from  leaves,  2.2  percent;  yield  of  oil  from  stems,  0.083  percent; 
yield  of  oil  from  whole  herb  (calculated),  1.36  percent. 

The  influence  of  the  time  of  harvest  with  respect  to  the  maturity 
of  the  plant  on  the  yield  and  quality  of  the  oil  has  been  observed. 
In  the  case  of  Japanese  mint  the  effect  on  the  menthol  content  is  the 
important  factor  rather  than  the  effect  on  the  physical  constants  and 


^  Commercial  practices  followed  by  growers  of  these  mints  are  described  and  illustrated  in  the  following 
publication:  Sievers,  Arthur  F.,  peppermint  and  spearmint  as  farm  crops.  U.S.  Dept.  Agr,  Farmers^ 
Bulletin  1555,  26  p.,  illus.     1929. 
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other  characteristics  of  the  oil.  It  has  been  concluded  from  numerous 
observations  that  early  harvesting  residts  in  an  oil  deficient  in  men- 
thol. If  harvesting  is  delayed  considerably  the  oil  obtained  contains 
a  normal  percentage  of  total  menthol,  but  the  latter  is  present  to  a 
larger  extent  in  combination  as  esters.  The  yield  of  oil  is  likely  to 
be  less  if  the  plants  are  too  immature  when  cut;  and  if  harvesting  is 
delayed  too  long  there  is  generally  a  loss  of  the  lower  leaves,  which 
also  results  in  a  reduced  oil  yield. 

The  probable  effect  of  drying  the  herb  on  the  yield  and  menthol 
content  of  the  oil  is  also  of  importance.  On  account  of  the  volatile 
nature  of  essential  oils  it  is  frequently  assumed  that  drying  of  the 
herb  will  result  in  a  gradual  volatilization  of  some  constituents.  This, 
however,  is  not  generally  true,  although  some  changes  in  physical 
constants  may  occur,  and  the  relative  proportion  in  which  certain 


FiGURB  8.— Japanese  mint  curing  in  cocks  in  California. 

constituents  exist  in  a  free  and  in  a  combined  state  may  be  affected. 
In  table  2  are  summarized  the  characteristics  of  the  oils  obtained 
from  fresh  and  dried  herb  in  four  experiments  with  M-2  stock. 


Table  2. — Yield  and  characteristics  of  oils  obtained  from  fresh  and  dried  herb  in  four 
experiments  with  M-2  mint 

Yield  and  characteristics 

Experiment 

Yield  of 
oil 

Specific 
af  25"  C. 

Index  of 
refraction 
at25°C. 

Angle  of 
rotation 
at25°C. 

Com- 
bined 
menthol 

Free 
menthol 

Total 
menthol 

No.1: 

Fresh 

Percent 
a23 
1.29 

.324 
1.14 

.326 
1.44 

.357 
1.666 

0.8953 
.8959 

.8957 
.8974 

.8956 
.8968 

.8957 
.8976 

1.4560 
1.4569 

1.4555 
1.4556 

1.4550 
1.4555 

1.4560 
1.4559 

Degrees 
-40.9 
-41.1 

-40.91 
-41. 39 

-41.15 
-41.79 

-41.46 
-41.61 

Percent 
7.46 
8.99 

5.66 
7.24 

5.08 
7.04 

5.85 
7.04 

Percent 
69.87 
69.86 

71.92 
71.36 

72.10 
73.87 

71.91 
72.16 

Percent 
77.33 

Dry           

7&85 

No.  2: 

Fresh 

77.58 

Dry                  

7&60 

No.  3: 

Fresh 

77.18 

Dry                

80.91 

No.  4: 

Fresh 

77.76 

Dry         

70.20 
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It  will  be  observed  that  in  all  cases  the  drying  of  the  herb  had  the 
effect  of  increasing  the  percentage  of  menthol  present  as  esters.  The 
total  menthol  content  appears  also  to  be  slightly  greater  in  the  oils 
distilled  from  the  dried  herb,  although  the  difference  is  hardly  suffi- 
cient to  indicate  any  definite  trend.  Slight  increases  also  are  noted 
in  the  specific  gravity,  index  of  refraction,  and  angle  of  rotation  of 
those  oils.  On  the  whole,  the  results  indicate  that  drying  of  the  herb 
does  not  have  any  important  influence  on  the  character  of  the  oil. 
This  fact  makes  it  possible  for  a  large  grower  to  handle  his  crop  at  a 
somewhat  lower  cost.  The  capacity  of  his  distilling  equipment  need 
not  be  so  large;  the  weight  of  the  material  hauled  is  considerably  less, 
and  economies  in  distillation  are  possible  through  lower  fuel  consump- 
tion. Small  growers  without  distilling  equipment  can  stack  or  bale 
their  crops  and  later  haul  them  to  a  distilling  plant  in  the  neighbor- 
hood. Whatever  procedure  is  adopted  it  is  necessary  at  all  times  to 
avoid  excessive  loss  of  leaves  through  shattering,  for  reasons  already 
stated. 

Except  in  regions  where  long  growing  seasons  prevail,  only  one 
crop  can  be  cut  in  a  season.  In  the  South  and  in  the  Pacific  North- 
west it  appears  that  under  some  conditions  two  cuttings  may  be 
possible,  while  in  central  California  two  cuttings  are  entirely  practica- 
ble, and  the  feasibility  of  cutting  the  crop  three  times  has  been 
demonstrated  by  actual  practice.  This  is  discussed  more  fully  on 
page  33.  There  are  several  results  that  may  arise  from  cutting  the 
crop  more  than  once  a  season,  which  should  determine  to  what  extent 
the  practice  may  be  followed  to  advantage.  The  quality  of  the  oil 
from  second  and  third  cuttings  may  be  unfavorably  affected,  par- 
ticularly the  menthol  content,  and  the  development  of  two  or  more 
full  crops  in  a  single  season  may  weaken  the  plants  so  that  the  life 
of  an  established  field  is  shortened  or  the  yield  and  quality  of  the  oil 
in  subsequent  seasons  is  lowered.  If  such  unfavorable  effects  do  not 
result  from  it,  the  practice  is  obviously  advantageous  because  larger 
returns  are  obtained.  However,  very  early  and  very  late  cuttings 
generally  yield  less  herb  than  those  of  midsummer,  and,  consequently, 
less  oil,  unless  there  is  a  compensating  greater  percentage  of  oil 
present.  Some  observations  with  regard  to  the  quality  of  the  oil 
from  first  and  second  cuttings  obtained  at  Greensboro,  N.C. 
recorded  in  table  3. 


are 


Table  3. — Yield  and  characteristics  of  oils  distilled  from  first  and  second  cuttings 
of  M-2  and  M-5  -mint  at  Greensboro,  N.C,  1923 


Yield  and  characteristics 

Stock 

■ 

Yield 
from 
fresh 
herb 

Yield 
from 
dry 

herbi 

Specific 

Index  of 
refrac- 
tion at 
25°  C. 

Angle  of 
rotation 
at  25°  C. 

Com- 
bined 
menthol 

Free 
menthol 

Total 
menthol 

M-2: 

First  cutting 

Second  cutting. .. 

M-5: 

First  cutting 

Second  cutting... 

Percent 

0.35 

.515 

.382 
.567 

Percent 
1.76 
2.07 

1.91 
2.27 

0. 8963 
.8961 

.8963 
.8962 

1.  4570 
1.  4572 

1. 4569 
1.4555 

Degrees 
-41.6 
-41.4 

-42.0 
-41.4 

Percent 
6.22 
4.33 

8.65 
5.71 

Percent 
75.73 
73.30 

65.61 
63.65 

Percent 
81.95 
77.63 

74.16 
69.36 

1  Calculated. 
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An  inspection  of  the  data  in  table  3  reveals  several  points  of  interest. 
The  oil  from  the  second  cutting  in  both  cases  contained  a  lower  per- 
centage of  combined,  free,  and  total  menthol  than  the  oils  from  the 
first  cuttings,  and  the  second  cuttings  vielded  a,  much  lugher  percent- 
age of  oil.  The  latter  is  probably  due  to  the  fact  that  a  second 
growth  of  herb  usually  contains  fewer  heavy  stems  and  relatively  imore 
leaf  material.  The  weight  of  herb  cut  from  a  unit  area  was  not 
recorded  in  tliis  experiment,  but  the  amount  obtained  from  the  second 
cuttings  was  doubtless  considerably  less  than  that  from  the  first, 
therefore,  the  actual  relative  yield  of  oil  obtained  is  not  indicated. 
Samples  of  oils  from  the  first  and  second  cuttings  obtained  in  California 
showed  no  corresponding  difference  in  menthol  content,  and,  according 
to  reports,  second  cuttings  in  Japan  do  not  yield  oils  of  inferior  quality. 
Unfavorable  conditions  late  in  the  summer  or  failure  of  the  herb  to 
reach  the  proper  stage  before  it  was  cut  may  account  for  the  decline  in 
menthol  content  indicated  in  this  experiment. 

DISTHXING 

The  removal  of  the  oil  from  Japanese  mint  is  accomplished  by  dis- 
tillation with  steam.  The  equipment  required  for  this  process  is  com- 
paratively simple  and  consists  of  a  metal  or  wooden  retort  or  vat,  a 
condenser,  and  a  receiver.  The  herb  is  firmly  packed  into  the  retort, 
into  the  bottom  of  which  steam  is  admitted.  As  the  steam  passes 
upward  through  the  herb  it  volatilizes  the  oil  which  is  carried  with  it 
through  an  outlet  at  the  top  of  the  retort  into  the  condenser,  where 
the  combined  water  and  oil  vapors  are  condensed.  The  mixture  of 
water  and  oil  then  flows  into  a  small  receiving  vessel  filled  with  water. 
The  oil  separates  and  collects  in  a  layer  on  top  of  the  water,  while  the 
latter  flows  out  of  the  vessel  from  an  opening  at  the  bottom  through 
a  bent  tube,  or  gooseneck,  the  outlet  of  which  is  on  a  level  with  the 
top  of  the  oil  layer.  By  this  arrangement  the  distillate  water  flows 
from  the  receiving  vessel  as  fast  as  it  enters  from  the  condenser,  thus 
permitting  the  upper  oil  level  to  remain  at  the  same  point. 

The  details  of  construction  of  distilling  equipment  are  described  and 
iUustrated  in  a  publication^  on  peppermint  and  spearmint  and,  there- 
fore, need  not  be  included  here.  The  general  arrangement  and  set-up 
of  such  equipment  is  shown  in  figures  9  and  10,  which  show  four  sets 
of  retorts,  condensers,  and  receivers  used  for  distilling  Japanese  mint 
and  peppermint  in  California.  Figure  11  shows  a  somewhat  different 
arrangement  at  Shafter,  Calif.  The  various  parts  of  the  equipment 
can  be  built  according  to  simple  specifications  or  can  be  obtained 
from  firms  that  specialize  in  the  manufacture  of  such  equipment.® 

The  time  required  to  exhaust  the  oil  from  a  charge  of" herb  depends 
on  several  factors.  If  ample  steam  is  supplied  to  the  retort  as  fast 
as  it  can  be  condensed  in  the  condenser,  the  herb  can  be  completely 
exhausted  in  three  quarters  of  an  hour  to  1  hour  if  it  has  been  thor- 
oughly wilted  and  partly  dried,  as  is  usually  done  in  commercial 
practice.  If  the  green  herb  is  transferred  to  the  retort  directly  after 
cutting,  considerably  more  time  is  required  to  remove  the  oil  com- 
pletely, because  much  of  the  steam  is  condensed  by  the  herb  itself. 

*  See  footnote  7. 

'  Distilling  efjuipnient  nmst  be  j)roperly  repistered  to  comply  with  the  law.  Registration  forms  may  be 
obtaine<l  on  application  from  the  supervisor  of  i)ermits  in  the  district  in  which  the  equipment  is  to  be  located 
or  from  the  Bureau  of  Industrial  Alcohol,  Treasury  Department,  Washington,  D.C. 
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Small  quantities  of  the  oil  dissolve  in  the  condensed  water;  rapid 
distillation  insures  a  minimum  loss  of  oil  from  this  cause. 


Figure  9.— Front  view  of  a  4-unit  mint  still  used  for  distilling  Japanese  mint  at  Porterville,  Calif. 

An  examination  of  the  distillate  water  obtained  from  four  distilla- 
tions indicated  that  from  1.15  to  4.74  percent  of  the  total  oil  removed 
from  the  herb  went  into  the  distillate.     In  terms  of  pounds  of  oil 


Ilk'  i'J-^'-'^ri 

Figure  10.— Rear  view 


lost  for  2,000  pounds  of  herb  distilled,  which  is  about  the  quantity 
usually  packed  into  a  retort  of  commercial  size,  this  loss  is  equivalent 
to  from  0.4  to  1.32  pounds.  In  another  experiment,  445  pounds  of 
distiUate  water  obtained  from  about  a  ton  of  herb  yielded  1.8  ounces 
of  oil.     This  oil  had  the  following  characteristics:  Specific  gravity  at 
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25°  C,  0.9002;  index  of  refraction  at  25°  C,  1.4556;  angle  of  rota- 
tion at  25°  C,  —30.72°;  menthol  as  esters,  1.6  percent;  free  menthol, 
75.42  percent;  total  menthol,  77.02  percent.  Compared  with  normal 
oil,  the  oil  dissolved  in  the  water  had  a  slightly  liigher  gravity,  a 
considerably  lower  angle  of  rotation,  a  smaller  percentage  of  menthol 
esters,  but  a  normal  total  menthol  content.  Although  the  percentage 
of  oil  recovered  was  small,  it  would  perhaps  be  feasible  in  view  of  its 


i-  ii.LHE  11.— A  commercii.l  JapaiRM-uiint  still  at  Shafter,  Calif. 

menthol  content  to  attempt  its  systematic  recovery  in  large-scale 
operations. 

ACREAGE  YIELDS  OF  OIL 

The  available  data  on  acreage  yield  of  oil  in  the  numerous  localities 
in  wliich  Japanese  mint  has  been  grown  are  inconclusive.  Most  of 
the  experimental  plots  were  too  small  and  were  not  continued  over  a 
sufficient  number  of  years  to  permit  conclusions  to  be  drawn  from  the 
data  obtained.  On  the  whole,  however,  the  scattered  reports  from 
eastern  and  central  localities  justify  the  statement  that  the  yield  of 
oil  froni  an  acre  of  tliis  mint  in  good  condition  will  average  30  pounds, 
which  is  about  the  same  as  the  yield  obtained  from  peppermint. 
Naturally,  the  yields  reported  from  individual  small  acreages  and 
those  calculated  from  small  plots  at  the  Arlington  Experiment  Farm 
have  shown  a  wide  range.  On  favorable  soil  with  good  cultural  prac- 
tices 50  or  60  pounds  of  oil  may  be  obtained,  while  on  the  poorer 
upland  soils  yields  below  the  average  must  be  expected.  In  those 
regions  where  climatological  conditions  make  more  than  one  cutting 
possible,  relatively  larger  yields  should  be  obtained. 

DISEASES  AND  PESTS 

In  the  course  of  the  numerous  trial  plantings  that  were  made  in 
various  localities  it  has  been  observed  that  Japanese  mint  is  subject 
to  two  diseases  that  will  under  certain  conditions  cause  serious  losses. 
The  frequency  of  their  occurrence  and  the  degree  of  their  severity  is 

177226°— 33 3 
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determined  largely  by  climatic  conditions.  On  th'e  Pacific  coast,  es- 
pecially in  California,  a  form  of  mildew  attacks  the  plant  at  times 
and  causes  a  severe  loss  of  leaves.  It  has  been  associated  with  the 
prevalence  of  fogs,  but  this  connection  has  not  been  positively  estab- 
lished. The  other  important  disease  of  this  mint,  which  also  causes 
losses  on  peppermint  and  spearmint,  is  a  rust  fungus.  This  likewise 
attacks  the  leaves  and  causes  them  to  drop,  thus  greatly  reducing 
the  yield  of  oil.  This  disease  is  present  throughout  the  commercial 
mint-growing  districts  in  the  United  States,  but  it  is  only  under 
weather  conditions  that  generally  favor  the  development  of  such 
organisms  that  it  becomes  an  important  problem. 

There  are  apparently  no  practical  means  of  controlling  either  the 
mildew  or  the  rust.  Regions  in  which  these  are  severe  year  after 
year  are  not  adapted  to  the  growing  of  Japanese  mint.  When  they 
occur  occasionally  the  best  procedure  is  to  cut  the  crop  before  the 
damage  becomes  excessive.  Even  so,  some  loss  will  result  if  the  crop 
has  to  be  distilled  before  it  attains  the  proper  stage  of  maturity. 
The  menthol  content  of  the  oil  is  also  likely  to  be  below  normal. 

In  some  of  the  early  experiments  at  Greensboro,  N.C.,  a  form  of 
root  rot  was  found  in  some  of  the  plots  which  caused  the  plants  to 
wilt.  It  also  appeared  in  the  bed  of  M-1  mint  at  the  Arlington 
farp  in  the  summer  of  1924,  but  disappeared  after  abundant  rains. 
It  is  supposed  to  be  favored  by  lack  of  cultivation.  This  theory, 
however,  is  scarcely  supported  by  the  fact  that  the  rot  did  not  re- 
appear in  the  bed  although  no  systematic  cultivation  of  the  ground 
was  possible.  In  the  fall  of  the  same  year  a  more  serious  occurrence 
of  what  appeared  to  be  the  same  disease  was  observed  in  the  plantings 
at  South  Bend,  Ind.  In  California,  especially  in  the  central  part  of 
the  State,  some  trouble  has  been  experienced  at  times  with  a  decay 
of  the  roots  when  newly  planted,  entire  fields  having  been  lost  on  some 
occasions.  It  is  not  known  whether  this  was  caused  by  the  same 
disease,  and  the  exact  nature  of  the  trouble  does  not  appear  to  have 
been  determined. 

Unfavorable  cultural  conditions,  especially  the  lack  of  proper  soil 
and  moisture,  sometimes  cause  a  chlorotic  condition  evidenced  by  a 
yellowing  of  the  leaves  which  drop  off  in  large  numbers.  It  is  not 
likely  that  this  condition  will  produce  any  large  and  continued  losses. 
,  The  limited  extent  to  which  Japanese  mint  has  been  cultivated  in 
this  country  does  not  permit  any  positive  statement  regarding  the 
insect  pests  that  are  likely  to  cause  important  damage  if  large  areas 
of  the  crop  were  grown  in  a  locality  for  some  time.  Cutworms  have 
been  found  to  do  some  dam.age  when  conditions  are  favorable, 
especially  in  new  plantings  set  out  on  ground  that  was  in  sod  the 
previous  season.  These  may  be  controlled  by  means  of  poisoned 
bait.^*^  In  North  Carolina  small  beetles  did  considerable  damage  in 
several  plots  by  eating  the  foliage,  their  presence  being  indicated  by 
numerous  small  round  holes  in  the  leaves.  Unless  the  beetles  are 
very  numerous,  damage  to  the  plant  itself  is  not  likely  to  result,  but 
the  loss  of  oil  from  the  herb  is  in  proportion  to  the  amount  of  leaf  con- 
sumed. In  the  districts  in  Indiana  and  Michigan  where  peppermint 
and  spearmint  are  grown  the  mint  flea  beetle  (Longitarsus  mentha- 
'phagus  Gentner)  is  a  threatening  pest.     The  adult  beetles  do  damage 

10  Walton,  W.  R.,  cutworms  and  their  control  in  corn  and  other  cereal  crops.    U.S.  Dept. 
Agr,  Farmers'  Bui.  739,  8  p.,  illus.  1922.     (Revised  ed.) 


JAPANESE   MINT  AS   A   SOURCE   OF  MENTHOL  19 

by  consuming  the  leaves,  but  more  serious  losses  are  caused  by  the 
larvae  that  invade  the  main  roots  and  stems  where  they  feed  on  the 
tissues,  thus  making  the  plant  wilt  and  die.  It  is  to  be  expected  that 
this  insect  will  be  equally  destructive  to  Japanese  mint.  Some 
measure  of  control  is  possible  through  the  use  of  poison  dust.^^ 

COMPARISON  OF  OILS  FROM  VARIOUS  SOURCES 

OILS  OBTAINED  AT  THE  ARLINGTON  EXPERIMENT  FARM 

The  Fesults  of  the  analyses  of  the  samples  of  oils  obtained  at  the 
Arlingtpn  Expeiiment  Farm  are  given  in  the  following  paragraphs, 
together  with  an  interpretation  of  them  on  the  basis  of  the  conditions 
under  wjijch  the  oils  were  obtained.  In  order  to  present  the  data  in 
their  principal  relationships,  they  have  been  grouped  in  tables  4  and  5. 
Table  4  deals  entirely  with  the  oils  distilled  from  the  plants  designated 
as  M-1,  M=-2,  M-3,  M-5,  and  M-6,  the  sources  of  which  have  been 
described  previously,  and  all  of  which  were  grown  in  rather  heavy 
clay-loam  soil.  Table  5  pertains  to  oils  produced  from  M-2  plants 
grown  in  sojnewhat  larger  areas  on  the  better  silt-loam  soil  on  that 
part  of  the  farm  usually  referred  to  as  the  flats. 

»'  Information  on  the  mint  flea  beetle  and  the  methods  of  controlHng  it  are  contained  in  the  followlnp 
publication:  (}entn«h,  L.  G.,  the  mint  flea-beetle  (longitarsus  menthaphagus  gtnr.).  Mich. 
Agr.  Expt.  Sta.  Spep.  Bui.  155,  13  p.,  illus.     1926. 
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According  to  table  4,  the  planting  stock  M-1,  M-2,  M-3,  M-5,  and 
M-6,  all  obtained  from  different  sources,  was  reasonably  acceptable 
with  respect  to  its  menthol-yielding  qualities.  Those  designated 
M-3  3delded  oils  with  a  total  menthol  content  of  over  80  percent  from 
the  same  planting  for  4  successive  years.  Most  of  the  propagating 
stock  obtained  from  the  Arlington  farm  for  planting  elsewhere  was 
furnished  from  M-2  plants,  both  from  the  row  growing  in  heavy 
clay-loam  soil  and  froni  the  larger  plots  on  the  farm  flats.  It  will  be 
noted  that  on  the  heavier  soil  the  quality  of  the  oil  remained  consist- 
ently good  over  a  period  of  6  years.  In  bed  no.  33,  M-1  plants  with 
very  little  cultivation  maintained  themselves  for  8  years  with  no 
significant  downward  trend  in  the  menthol  content  of  the  oil,  although 
the  general  vigor  and  growth  of  the  plants  depreciated  gradually 
from  year  to  year.  The  M-5  plants,  obtained  from  Greensboro, 
N.C.,  where  the  original  stock  was  sent  from  Japan,  showed  a  dis- 
tinctly lower  menthol  content  over  a  3-year  period. 

The  two  points  of  special  interest  indicated  by  data  in  table  4  are: 
(1)  The  satisfactory  menthol  content  of  oils  produced  on  the  cilay- 
loani  soil,  and  (2)  the  failure  of  the  menthol  content  to  decline  with 
continuous  cultivation.  The  theory  has  been  held  that  under  cer- 
tain soil  and  climatic  conditions  Japanese  mint  deteriorates  in  menthol 
content.  If  this  should  prove  to  be  correct,  the  possibilities  of  grow- 
ing the  mint  commercially  in  the  United  States  would  be  greatly 
reduced.  It  is  interesting  to  examine  the  data  in  table  5  with  partic- 
ular reference  to  that  point.  As  stated,  the  oils  represented  in  this 
table  were  obtained  from  M-2  plants  grown  on  silt-loam  soil  of  fair 
fertility  and  less  heavy  than  the  soil  referred  to  in  the  previous  table, 
but  not  of  the  friable  texture  generally  considered  desirable  for  this 
crop.  In  this  group  of  experiments  a  series  of  plantings  approxi- 
mately an  eighth  of  an  acre  each  were  made  annually  in  1923,  1924, 
and  1925  and  kept  under  cultivation  for  a  number  of  years.  In  1928 
another  new  planting  was  made,  which  has  been  continued  through 
1931.  The  first  two  series  furnished  continuous  records  for  5  years, 
the  third  series  for  4  years,  and  the  final  series  has  also  been  main- 
tained for  4  years,  but  no  data  were  obtained  in  1930.  It  is  at  once 
obvious  when  the  data  is  compared  with  that  in  table  4  that  these 
plantings  have  been  less  productive  of  menthol  than  the  M-2  plants 
grown  in  the  clay-loam  soil.  There  were  only  two  instances  when 
the  oils  contained  over  80  percent  of  total  menthol. 

Furthermore,  there  appears  to  have  been  a  rather  distinct  reduction 
in  menthol  content  after  the  third  or  fourth  years.  In  seeking  an 
explanation  of  this  tendency,  which  is  contrary  to  the  behavior  of 
the  same  stock  in  the  clay-loam  soil,  several  factors  suggest  them- 
selves. The  difference  in  soil  may  be  responsible,  although  one  would 
more  logically  consider  this  the  cause  if  the  two  soil  types  differed 
more  than  they  do.  The  methods  of  culture  may  in  part  have  been 
responsible.  The  smaller  plantings  on  the  clay-loam  soil  consisted 
of  single  rows,  with  the  exception  of  M-1  in  bed  no.  33.  Cultivation 
was  somewhat  more  thorough  for  that  reason  than  was  the  case  in 
the  large  plots  in  which  the  plants  were  permitted  to  cover  the  ground 
after  the  first  year.  This  made  cultivation  difficult,  except  in  early 
spring,  and  weed  control  by  hand  weeding  was  less  thorough  than  is 
possible  in  row  plantings.  The  prevalence  of  grass  contributed  to 
the  cultural  difficulties  in  these  plots  and,  as  a  result,  in  all  the  series 
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of  plantings  the  fields  were  retained  several  years  longer  than  their 
condition  would  warrant  in  commercial  practice.  It  is  true  that  bed 
no.  33,  also,  could  not  be  effectively  cultivated,  but  here  and  in  the 
row  plantings  cleaner  culture  by  hand  weeding  was  possible. 

From  the  standpoint  of  commercial  advantage  it  is  desirable  that 
the  oils  contain  a  low  percentage  of  combined  menthol.  Reference 
to  the  tables  shows  that  the  oils  from  the  larger  plots  contain,  on  the 
whole,  a  smaller  proportion  of  combined  menthol  than  the  others. 
Consequently,  the  two  groups  of  oils  are  more  in  accord  with  respect 
to  their  free  menthol  content  than  with  respect  to  their  total  menthol 
content. 

OILS  OBTAINED  BY  COOPERATORS  IN  VARIOUS  LOCALITIES 

In  order  that  the  effect  of  climatic  and  soil  conditions  on  the  char- 
acter of  the  oil  produced  might  be  studied,  persons  interested  in  the 
possibilities  of  this  mint  were  furnished  with  M-2  stock  from  the 
Arlington  farm  for  trial  plantings  in  many  localities.  In  addition 
to  the  data  thus  obtained,  it  is  possible  to  present  with  it  in  table  6 
considerable  additional  data  furnished  by  a  cooperator  '^  under 
whose  supervision  other  plantings  were  made,  especially  in  North 
Carolina.  Most  of  these  plantings  were  made  from  stock  originally 
furnished  to  the  cooperator  from  the  Department's  M-2  stock.  A 
total  of  52  localities  are  represented  in  the  table,  of  which  15  are  in 
North  Carolina,  7  in  California,  4  in  Indiana,  3  each  in  Michigan 
and  Virginia,  2  each  in  Oregon,  Georgia,  and  New  York,  and  1  in  each  of 
the  following:  Florida,  Alabama,  Oklahoma,  South  Carolina,  Penn- 
sylvania, Tennessee,  North  Dakota,  Idaho,  Wisconsin,  Washington, 
Illinois,  Maryland,  New  Mexico,  and  Missouri.  From  Greensboro, 
N.C.,  data  are  available  for  7  consecutive  years;  from  Carroll  County, 
Va.,  and  Sands,  N.C.,  6  years;  from  Taylorsville,  N.C.,  5  years;  from 
Seneca  Falls,  N.Y.,  Gainesville,  Fla.,  and  Colon,  Mich.,  4  years; 
from  South  Bend,  Fort  Wayne,  and  Warsaw,  Ind.,  Auburn,  Ala., 
Washington,  N.C.,  Puget  Island,  Wash.,  Demorest,  Ga.,  Norman, 
Okla.,  and  Blacksburg,  Va.,  2  years;  and  from  the  remaining  localities, 
1  year. 

"  VIck  Chemical  Co.,  Greensboro,  N.C. 
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Some  of  the  data  included  was  furnished  by  cooperators;  in  other 
cases  samples  of  the  oil  were  furnished  for  examination,  and  in  still 
others  the  dried  herb  was  sent  in  for  distillation.  So  far  as  possible 
all  available  data  are  brought  into  comparison  in  this  table.  This 
includes  information  concerning  the  type  of  planting  stock;  the  num- 
ber of  years  the  plants  from  which  the  oil  samples  were  obtained  have 
been  under  cultivation  in  the  particular  locality;  the  stage  at  which 
the  plants  were  cut;  the  percentage  yield  and  estimated  acreage  yield 
of  oil;  and  physical  constants  and  menthol  content  of  the  oils.  As 
many  of  the  factors  in  connection  with  the  distillations  of  the  oils 
were  not  subject  to  uniform  control  under  the  conditions  of  these 
widely  separated  trial  plantings,  inspection  of  the  data  must  be  made 
with  due  consideration  to  that  fact.  This  is  especially  true  with 
respect  to  those  localities  from  which  only  1  year's  results  are  available. 

In  view  of  the  diverse  conditions  of  production  under  which  the 
oils  were  obtained,  their  physical  constants  show  a  comparatively 
narrow  range  of  variation.  In  the  case  of  those  oils  that  were  not 
examined  in  the  Department  laboratories  the  reported  data  is  confined 
mainly  to  the  menthol  content,  hence  comparison  of  the  oils  from  all 
the  localities  with  respect  to  physical  properties  is  not  possible.  Un- 
fortunately the  physical  constants  of  some  of  the  oils  were  determined 
at  20°  C.  and  those  of  others  at  25°.  The  specific  gravity  within  the 
range  of  5°  appears  to  lie  between  0.8950  and  0.9000,  and  the  limits  of 
the  index  of  refraction  are  approximately  1.4550  and  1.4590.  The 
angle  of  rotation  at  25°  varied  from  approximately  —35°  to  —43°. 
The  majority  of  oils  when  freshly  distilled  are  nearly  neutral,  but,  on 
standing,  the  acidity  increases.  In  most  cases  where  relatively  high 
acidity  is  indicated  in  the  table  the  oils  were  not  examined  until  some 
time  after  they  were  distilled.  All  of  the  oils  that  were  examined 
were  found  to  be  readily  soluble  in  two  volumes  of  70  percent  alcohol. 

The  most  important  deductions  to  be  made  from  this  table  concern 
the  menthol  content  of  the  oils.  Since  the  oils  were  produced  in  prac- 
tically all  sections  of  the  country,  and  in  some  cases  over  a  period  of 
years,  even  tentative  indications  regarding  this  important  character 
of  the  oil  must  be  considered  significant.  The  available  data  may  be 
studied  with  reference  to  two  principal  considerations:  (1)  The  rela- 
tionship between  the  geographic  source  of  the  oil  and  the  menthol 
content,  and  (2)  the  effect  of  continued  culture  in  a  locality  on  this 
character  of  the  oil.  To  bring  out  more  closely  what  relationships 
exist  with  regard  to  the  former,  the  data  on  menthol  content  has  been 
reassembled  in  table  7  in  groups  according  to  the  principal  sections 
of  the  country. 

From  the  southeast,  north-central,  and  western  sections  sufficient 
data  are  available  to  permit  some  conclusions  to  be  drawn.  In  the 
north-central  and  western  sections  the  average  total  menthol  content 
was  very  nearly  the  same,  namely,  78.94  and  78.71  percent,  respec- 
tively, whereas  in  the  southeast  section  it  was  only  74.47  percent. 
According  to  more  limited  data,  the  oils  from  the  south-central  section 
contained  80.24  percent  and  those  from  the  northeast  section  81.01 
percent.  Among  the  25  localities  included  in  the  southeast  section 
only  1  is  shown  with  an  oil  containing  as  much  as  80  percent  total 
menthol,  namely,  Cumberland  City,  Tenn.  On  the  other  hand,  out 
of  10  localities  in  the  north-central  section  5  show  percentages  of  total 
menthol  considerably  in  excess  of  80  percent.    Likewise,  in  the  far 
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Table  7.- 


■Data  on  the  menthol  content  of  the  oils  grouped  according  to  the  sections 
of  the  United  States  in  which  they  were  produced 


Years 

Sam- 
ples 

Menthol  > 

Section  and  locality 

Years 

Sam- 
ples 

Menthol  > 

Section  and  locality 

Com- 
bined 

Total 

Com- 
bined 

Total 

Southeast: 

Greensboro,  N.C 

Num- 
ber 

Num- 
ber 
19 
6 
6 
3 

1 
2 

1 
1 
1 

6 
2 

2 

1 
6 
2 

1 

1 

1 

Per- 
cent 
7.29 
5.21 
6.44 
3.49 

3.90 
4.95 
6.41 

"6.'69" 
1.67 
4.60 
4.46 
5.46 
4.62 
2.87 
6.27 
7.02 
4.08 
6.21 
6.13 
4.55 
4.50 
4.74 

8.30 
6.69 

Per- 
cent 
74.51 
77.78 
79.56 
73.70 

65.30 
69.49 
67.48 
67.87 
79.47 
71.41 
69.44 
78.65 
75.00 
72.60 
71.80 
78.99 
78.49 
78.24 
78.86 
75.00 
71.56 
73.30 
75.81 

80.04 
75.81 

North  Central: 

Colon,  Mich 

Num- 
ber 
4 

2 
2 
2 

1 

Num- 
ber 
6 

1 

2 
2 
2 

1 

1 
1 

Per- 
cent 
8.52 
8.91 
6.75 
6.35 
11.09 
5.23 
5.29 
6.75 
4.72 
7.80 

Per- 
cent 
83.23 

Sands,  N.C 

Dowagiac,  Mich 

AuQres,  Mich 

South  Bend,  Ind 

Warsaw,  Ind 

Fort  Wayne,  Ind.... 

Nappanee,  Ind 

Fairmount,  N.Dak.. 

Princeton,  Wis 

Sorento,  111 

71  01 

Taylorsville,  N.C... 
Washington,  N.C... 
North    Wilkesboro, 
N.C 

78.16 
82.16 
82.17 
75  28 

Groomtown,  N.C... 
Brevard,  N.C 

Selma,  N.C 

72.60 
84.84 
77  43 

Lowgap,  N.C 

82.52 

N«w  Bprn    N  C 

Average... 

Louisburg,  N.C 

7.14 

78.94 

Chapel  Hill,  N.C... 

Moyock,  N.C 

Haywood,  N.C 

Lenoir,  N.O.. 

South  Central: 

Norman,  Okla 

Davisville,  Mo 

Average 

2 

2 

1 

6.28 
5.24 

81.01 
79  47 

Carroll  County,  Va.. 
Blacksburg,  Va 

5.76 

80.24 

Dublin    Va 

West: 

Porterville,  Calif 

Delano,  Calif 

Los  Angeles,  Calif... 

Modesto,  Calif 

Torrey  Pines,  Calif.. 

Shafter,  Calif 

Dos  Palos,  Calif 

Puget  Island,  Wash.. 

Gervais,  Oreg... 

Junction  City,  Oreg. 
Lewiston,  Idaho 

Average 

Demorest,  Oa 

Savannah,  Ga 

Gainesville,  Fla 

Auburn,  Ala. 

1 

2 

5.29 
7.94 
9.36 
10.27 
5.46 
5.01 
3.90 
5.27 
5.86 
4.23 
3.77 

85.21 
82.85 
83  40 

Florence,  S.C 

Cumberland     City, 

88.69 
«73.80 
82  78 

Preston,  Md.  . 

65  63 

76.82 
78  03 

A  verage 

5.29 

74.47 

3  71.80 
76.78 

Northeast: 

Seneca  Falls,  N.Y... 
Newark,  N.Y 

2 

1 
1 

2 

1 
1 

6.27 
9.75 
7.44 

79.08 
86.98 
76.97 

6.03 

78.71 

Bethlehem   Pa 

Southwest: 

Albuquerque,    N. 
Mex 

1 

1 

3.90 

Average 

7.82 

81.01 

*71.4I 

•  These  figures  are  averages  where  more  than  1  sample  is  included,  the  group  averages  being  simple 
averages. 

>  Grown  in  greenhouse. 
»  Herb  heated  in  transit. 

*  Herb  dried  at  high  temperature  in  tobacco  drier. 

Western  States  5  out  of  1 1  localities  produced  oils  with  more  than  80 
percent  total  menthol.  It  should  be  remembered,  in  this  connection, 
that  in  all  cases  where  more  than  one  sample  of  oil  was  obtained  from 
a  locality  the  total  menthol  figures  given  represent  averages. 

Reference  to  the  detailed  data  in  table  6  will  show  that  in  the 
southeastern  section  there  were  numerous  instances  of  individual  oils 
that  contained  80  percent  or  more  of  total  menthol.  Thus  among 
the  6  samples  of  oil  from  Carroll  County,  Va.,  there  were  3  with  over 
80  oercent  menthol,  and  among  the  19  samples  from  Greensboro, 
N.C,  and  the  5  samples  from  Taylorsville,  N.C,  there  were  in  each 
case  2  such  oils.  Although  the  oils  produced  at  the  Arlington  farm 
are  not  included  in  these  groupings,  they  could  well  be  included 
among  those  of  the  southeastern  section.  The  19  samples  of  oil 
obtained  from  the  larger  plantings  on  the  farm  flats  average  6.91 
percent  combined,  and  76.70  percent  free  menthol,  but  only  2  indi- 
vidual oils  contained  80  percent  or  more  of  total  menthol.  It  seems, 
therefore,  that  conditions  in  the  Southeastern  States  do  not  favor 
the  formation  of  menthol  to  the  same  extent  as  those  in  the  Northern 
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and  Western  States.  This  conclusion  is  in  accord  with  the  opinion 
that  has  prevailed  to  some  extent,  but  which  had  not  heretofore  been 
supported  by  experimental  evidence,  that  the  Japanese  mint,  with 
respect  to  its  menthol  content,  is  not  as  well  adapted  to  the  southern 
as  to  the  northern  section  of  the  country. 

As  the  menthol  existing  in  the  oil  in  combination  as  esters  cannot 
be  removed  by  refrigeration  alone,  oils  with  a  low  percentage  of 
combined  menthol  are  desirable.  Viewed  from  this  standpoint,  it  is 
found  that  the  oils  from  the  southeastern  localities  are  relatively  of 
slightly  greater  value  than  those  produced  elsewhere,  which  to  some 
extent  offsets  the  disadvantage  of  the  somewhat  lower  total  menthol 
content.  The  data  on  combined  menthol  may,  however,  be  mislead- 
ing in  some  cases.  Esterification  increases  after  the  plant  reaches  the 
full-flowering  stage  and,  therefore,  delay  in  cutting  the  herb  frequently 
results  in  an  abnormally  high  percentage  of  combined  menthol  in 
.the  oil.  Such  cases  were  observed  rather  frequently,  especially  in 
connection  with  plantings  over  which  there  was  no  close  supervision. 
On  account  of  the  close  control  of  most  of  the  plantings  in  the  South- 
east by  the  cooperator  at  Greensboro,  N.C.,  delayed  harvesting  was 
perhaps  somewhat  less  frequent  there  than  in  some  of  the  other  sec- 
tions. 

The  effect  of  continued  culture  in  the  same  locality  on  the  quality 
of  the  oil  is  very  important  in  determining  whether  commercial 
production  in  that  section  can  be  recommended.  If  a  progressive 
decrease  in  the  menthol  content  of  the  oil  takes  place  from  year  to 
year,  continued  commercial  culture  would  require  the  frequent  intro- 
duction of  new  planting  stock,  which  would  result  in  a  higher  produc- 
tion cost.  It  is  believed  that  a  locality  in  which  such  an  effect  is 
invariably  observed  should  not  be  selected  for  this  mint.  Table  8 
shows  the  trend  of  the  menthol  content  over  a  period  of  2  or  more 
years  of  continuous  culture  in  those  localities  from  which  data  for 
more  than  1  year  are  available.  It  will  be  noted  that  in  7  of  the  16 
localities  included,  the  oils  from  the  final  year  contained  more  total 
menthol  than  those  from  the  first  year.  In  the  6  localities  in  which 
continuous  culture  extended  over  at  least  4  years  there  are  4  in  which 
the  oils  in  the  last  years  were  higher  in  this  respect  than  oils  from  the 
first  year's  planting.  During  these  years  of  culture  the  quality  of 
the  oils  varied,  of  course,  but  the  important  point  is  whether  or  not 
there  was  a  steady  decline  in  quality.  Apparently  this  is  not  the 
case. 

In  this  connection  attention  is  directed  particularly  to  the  oils  from 
Greensboro,  N.C.  It  will  be  observed  that  the  total  menthol  content 
declined  from  78.03  to  76.90  percent  in  the  second  year  and  to  65.55 
percent  in  the  third  year.  When  this  occurred  it  appeared  that  the 
theory  regarding  the  effects  of  continued  culture  in  the  South,  pre- 
viously referred  to,  was  correct,  but  the  recovery  that  took  place  in 
the  fourth  year  may  be  considered  reasonable  evidence  that  such  is 
not  the  case.  The  fluctuations  in  the  total  menthol  content  that 
occur  from  year  to  year  are  no  doubt  due  to  seasonal  conditions  rather 
than  to  any  general  cumulative  effects  resulting  from  climatic  condi- 
tions in  the  southern  latitudes. 
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Table  8. — Variation  in  the  percentage  of  total  menthol  in  oils  obtained  from  the  same 
planting  over  a  period  of  2  or  mxtre  years 


Percentage  of  total  menthol  in- 

Section  and  locality 

First 
year 

Second 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Seventh 
year 

Southeast: 

78.03 
75.20 
72.40 
76.62 
71.80 
77.18 
73.20 
77.43 
79.47 

>78.25 
83.44 
81.12 
85.68 

82.96 

78.65 

77.43 

76.90 
79.88 
84.45 
81.12 
73.40 
75.86 
73.40 
79.65 
78.24 

79.47 

80.87 

«69.44 

7&66 

75.20 

83.37 

76.21 

65.65 
77.43 
77.83 
78.24 
•71.05 

77.43 
75.81 
81.53 

82.78 
>  71.03 

76.00 
79.06 
79.47 
79.06 

71.20 
79.32 
81.63 

74.24 

Sands,  N.C..„ 

Carroll  County,  Va 

Taylorsville,  N.C 

WashinRton,  N.C 

Blacksburg,  Va 

Demorest,  Qa 

North  Central: 

Colon,  Mich         

»87.20 

84.03 

** 

South  Bend,  Ind 

Fort  Wayne,  Ind 

Warsaw,  Ind 

Northeast: 

Seneca  Falls,  N.Y 

South  Central: 

West: 

Puget  Island,  Wash 

>  Average  of  2  cuttings. 

*  Records  do  not  indicate  age  of  the  planting  when  first  data  were  obtained. 
»  Average  from  2  plantings,  both  cut  late  (October). 

*  Crop  cut  early. 

COMMERCIAL  CULTURE 


In  the  years  during  which  the  experimental  work  was  in  progress 
a  relatively  small  total  acreage  of  the  crop  was  under  cultivation  in 
the  southeastern  and  north-central  sections.  Small  acreages  were 
maintained  in  North  Carolina  (fig.  12),  in  a  number  of  localities,  as 
well  as  at  South  Bend,  Ind.,  and  Colon,  Mich.   (fig.   13).     These, 


FiQUBS  12.— A  fine  stand  of  Japanese  mint  at  Oreensboro,  N.C. 
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however,  were  mainly  intended  to  furnish  information  and  a  source 
of  planting  stock  for  a  larger  acreage  if  it  should  be  considered  advis- 
able to  extend  the  crop.  In  only  one  State,  California,  has  the  crop 
been  grown  for  commercial  purposes,  and  it  was  still  under  cultiva- 
tion there  in  1931.  Its  establishment  in  that  State  and  the  history 
of  the  undertaking  since  1925  are  briefly  set  forth  in  the  following 
paragraphs,  insofar  as  authoritative  information  on  the  subject  is 
available. 

The  first  commercial  planting,  consisting  of  2  acres,  was  made  near 
El  Cajon,  southeast  of  San  Diego,  in  1925,  with  planting  stock  pre- 
sumably obtained  from  Japan  several  years  previously.  The  roots 
thus  produced  were  used  the  following  years  for  planting  17  acres. 
Two  crops  were  cut  which  yielded  only  15  pounds  of  oil  per  acre. 


Figure  13.— First-year  planting  of  Japanese  mint  at  Colon,  Mich. 

Although  the  quality  of  the  oil,  which  contained  85  percent  of  men- 
thol, was  satisfactory,  the  yield,  owing  to  the  small  growth  of  the 
plant  on  the  heavy  adobe  soil  of  this  locality,  was  entirely  too  low  to 
justify  further  expansion.  Consequently,  the  entire  acreage  was  dug 
up  and  the  roots  were  moved  to  the  central  part  of  the  State  in  the 
San  Joaquin  Valley,  where  60  acres  were  planted  near  Porterville. 
Here  the  crop,  on  sandy-loam  soil  with  frequent  irrigation,  was  more 
of  a  success.  It  was  cut  twice,  the  second  cutting  yielding  consider- 
ably more  material  than  the  first.  The  oils  obtained  from  these 
cuttings  varied  little  in  their  quality.  The  average  total  menthol 
content  was  85  percent,  of  which  all  but  5  was  in  the  free  state. 

In  1927,  while  the  crop  in  this  locality  was  continued,  a  trial  plant- 
ing of  2  acres  was  made  at  Shafter,  in  the  lower  end  of  the  valley, 
on  a  sedimentary  type  of  soil.  Two  cuttings  produced  under  irriga- 
tion yielded  100  pounds  of  oil.  This  high  yield  and  the  satisfactory 
behavior  of  the  crop  under  the  conditions  prevailing  in  that  locality 
led  to  a  rapid  expansion  of  the  acreage  there  and  the  abandonment 
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of  the  plantings  in  the  Porterville  locality.  The  industry  has  since 
that  time  been  centralized  at  Shafter,  with  250  acres  under  cultiva- 
tion in  1931. 

With  liberal  use  of  fertilizers  and  with  irrigation  applied  three  to 
four  times  a  month  during  the  growing  season,  the  crop  is  cut  three 
times  from  plantings  after  the  nrst  year.  The  first  cutting  is  light, 
yielding  10  to  15  pounds  of  oil  per  acre.  The  second  is  heavier,  pro- 
ducing 40  to  60  pounds,  while  from  the  third,  also  light,  5  to  15 
pounds  are  obtained,  making  a  total  yield  ranging  from  55  to  90 
pounds  of  oil  to  the  acre.  These  are  average  figures,  but  much 
higher  yields  have  been  observed.  One  15-acre  plot  produced  50 
pounds  per  acre  from  the  first  cuttings,  50  from  the  second,  and  36 
from  the  third,  or  a  total  of  136  pounds  per  acre.  Late  rains  and 
late  frost  in  the  fall  make  this  yield  possible.  A  1-acre  first-year 
plot  heavily  fertilized  and  well  cared  for  in  a  special  test  produced 
200  pounds  of  oil.  The  oils  contain  on  the  average  about  75  percent 
of  free  menthol,  but  the  proportion  of  menthol  in  combination  in 
the  oils  obtained  late  in  the  season  is  6  to  8  percent,  as  compared 
with  3  to  4  in  those  distilled  from  the  first  cutting. 

In  1928  the  crop  was  given  a  trial  on  a  somewhat  heavier  sedimen- 
tary soil  in  the  vicinity  of  Dos  Palos,  Calif.,  where  the  growing  season 
is  shorter.  The  results  were  encouraging  and  the  acreage  was  con- 
sequently increased.  About  150  acres  were  under  cultivation  there 
in  1931.  Yields  of  40  pounds  of  oil  are  obtained  on  the  average  from 
two  cuttings.  Oils  from  the  first  crop  contain  about  8  percent  of 
menthol  in  combination  and  85  percent  of  total  menthol.  Crops 
obtained  later  in  the  season  contain  a  slightly  higher  percentage  of 
combined  and  total  menthol. 

POSSIBILITIES  OF  THE  CROP  IN  THE  UNITED  STATES 

When  it  is  considered  that  in  the  United  States  Japanese-mint  oil 
would  find  its  principal  commercial  outlet  as  a  source  of  natural 
menthol,  it  is  obvious  that  the  possibilities  of  the  crop  in  this  country 
are  determined  entirely  by  the  economic  status  of  that  commodity. 
The  continued  use  of  menthol  in  the  industries  is  assured,  but  the 
production  of  the  oil  in  Japan  and  the  availability  of  the  synthetic 
product  must  be  recognized  as  the  factors  controlling  the  price 
situation.  So  long  as  menthol  remains  available  at  the  low  prevailing 
price,  the  extensive  introduction  of  the  crop  under  domestic  conditions 
does  not  seem  advisable.  However,  it  would  require  an  increase  of 
only  a  few  dollars  a  pound  in  the  market  value  of  this  product  to 
assure  reasonable  returns  from  the  crop  in  favorable  localities.  The 
experiments  herein  described  indicate  with  reasonable  certainty  that 
the  plant  is  adapted  to  many  sections  of  the  country,  particularly 
in  the  North  and  West,  and  that  the  quality  of  the  oil  may  oe  expected 
to  be  maintained  with  continued  culture  imder  the  climatic  conoitions 
prevailing  there. 

During  the  years  when  menthol  prices  are  reasonably  high  it  would 
appear  feasible  to  grow  the  crop  in  small  acreages  in  sections  where 
labor  costs  are  not  too  high  and  where  it  would  not  be  in  competition 
with  other  crops  yielding  high  returns.  This  is  especially  true  if  pro- 
duction costs  can  be  reduced  by  the  use  of  one  distilling  outfit  so  placed 
that  it  can  conveniently  serve  a  number  of  small  growers.     The  crop 
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appears  to  offer  better  opportunities  in  California  than  elsewhere. 
Much  larger  yields  of  oil  are  possible  there,  because  2  and  3  cuttings 
are  obtained  in  a  season  and  because  the  oils  produced  seem  to  have  a 
uniformly  high  menthol  content.  Production  costs  are  no  doubt 
higher  where  irrigation  is  necessary,  but  the  much  larger  returns 
more  than  offset  the  additional  cost. 

This  investigation,  if  it  has  shown  that  the  Japanese  mint  is  not 
a  practical  possibihty  as  a  farm  crop  at  this  time,  has  also  demon- 
strated that  under  certain  conditions  this  country  could  in  a  reasonable 
time  produce  a  large  proportion  of  its  menthol  requirements. 

SUMMARY 

An  investigation  was  undertaken  to  determine  the  possibilities  of 
Japanese  mint  as  a  crop  in  the  United  States  to  furnish  a  source  of 
natural  menthol,  which  is  required  in  large  quantities  in  domestic 
industries  and  is  at  present  obtained  mostly  from  Japan  where  the 
crop  is  grown  extensively. 

Authentic  planting  stock  of  this  mint,  known  botanically  as 
Mentha  arvensis  piperascens,  was  obtained  from  Japan,  and  its 
cultural  requirements  were  determined  by  experiments  on  the  Arling- 
ton Experiment  Farm,  Rosslyn,  Va.,  near  Washington,  D.C.,  and  in 
numerous  other  localities  where  growers  were  furnished  with  planting 
stock  for  the  purpose.  Information  and  data  were  also  contributed 
by  private  firms  and  institutions  that  were  interested  in  this  crop. 

The  qualities  of  the  oils  obtained  from  various  localities  and  under 
varying  conditions  were  studied  with  particular  reference  to  their 
value  as  sources  of  menthol.  It  was  found  that  oils  produced  in  the 
North  and  West  contain,  on  the  whole,  a  larger  percentage  of  total 
menthol  than  those  produced  in  the  Southeast.  Continuous  cultiva- 
tion over  a  period  of  years  indicates  that  seasonal  conditions  cause 
fluctuations  in  the  menthol  content  of  the  oils,  but  that  there  is  no 
general  tendency  for  the  menthol  content  to  decline  gradually  as  a 
result  of  the  prevailing  conditions  in  any  one  locality.  It  was  shown 
conclusively  that  Japanese-mint  oil  of  satisfactory  quality  can  be 
produced  in  this  country. 

The  development  of  a  commercial  acreage  of  Japanese  mint  in 
California  is  described,  the  economic  factors  that  would  determine 
the  success  of  the  crop  there  and  in  other  sections  are  discussed,  and 
the  possibility  of  a  rapid  expansion  of  the  acreage  to  meet  domestic 
requirements  when  conditions  make  it  necessary  is  emphasized. 
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INTRODUCTION 

The  importance  of  organic  matter  in  the  soil  has  been  recognized 
since  the  earUest  soil  investigations,  and  an  enormous  literature  has 
accumulated.  At  different  periods  emphasis  has  been  placed  upon 
different  phases  of  the  subject.  A  few  years  ago  the  isolation  and 
identification  of  organic  compounds  occurring  in  the  soil  was  exten- 
sively studied.  Schreiner  and  Shorey  (54)/  of  the  Bureau  of  Chem- 
istry and  Soils,  made  important  contributions  along  this  Une.  In 
all  those  studies  the  organic  material  was  extracted  from  the  soil  by 
alkalies,  which  involves  the  probability  of  drastic  alteiiation  of  its 
properties,  and  also  leaves  a  material  fraction  of  it  in  the  soil  residue, 
or  it  was  extracted  by  the  use  of  solvents  selected  for  the  express 
purpose  of  obtaining  fractions  of  special  types  of  organic  matter. 

Very  little  special  study  has  been  made  of  the  properties  of  organic 
colloids  as  such.  Information  concerning  the  organic  portion  of  the 
soil  colloid  is,  therefore,  either  indirect  or  was  obtained  by  the  study 
of  materials  more  or  less  drastically  altered  by  treatment.  Tliis 
situation  is  doubtless  owing  to  the  fact  tliat  the  soil  organic  and  in- 
organic colloidal  materials  occur  in  very  intimate  relation  to  one 
another.  When  soils  are  subjected  to  treatment  designed  to  dis- 
perse and  isolate  the  colloids,  both  the  organic  and  the  inorganic 

>  Italic  numbers  in  parentheses  refer  ta  literature  cited,  p.  30. 
178018°— 33 1 
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portions  disperse  together.  To  the  present  time  no  adequate  treat- 
ment has  been  devised  which  is  effective  in  bringing  about  a  satis- 
factory separation,  whether  based  upon  relative  specific  gravity  or 
dispersibihty  of  the  material. 

The  findings  presented  in  parts  of  this  bulletin  resulted  in  part 
from  the  belief  of  the  writers  that  some  progress  in  the  study  of 
organic  soil  colloids  might  be  made  if  colloids  of  the  type  of  those 
occurring  in  the  soil  could  be  secured  and  their  properties  determined, 
and  then,  by  adding  them  to  inorganic  colloids  of  known  properties, 
the  mutual  effects  could  be  ascertained.  As  the  work  progressed 
portions  of  organic  matter  from  different  soils  were  separated  in 
various  ways  and  these  fractions  added  to  the  group  studied.^ 

No  attempt  is  being  made  at  this  time  specifically  to  define  organic 
soil  colloids.  For  the  purposes  of  this  bulletin,  however,  the  term 
colloid  is  used  to  describe  material  which  may  be  dispersed  and  sepa- 
rated by  the  use  of  the  supercentrifuge  in  the  same  manner  as  the 
total  colloidal  material  (14)-  In  addition  to  this  there  are  included 
materials  rendered  more  or  less  soluble  by  different  reagents  and 
subsequently  coagulated. 

Interest  in  the  study  of  organic  soil  colloids  has  arisen  from  various 
viewpoints.  Important  among  these  are  the  argillohumic  complexes 
formed  by  Aarnio  (1)  by  precipitating  iron  and  aluminum  salts  with 
humic  material;  isoelectric  precipitates  recently  studied  by  Mattson 
(W,  21)  in  which  iron  and  aluminum  salts  were  precipitated  by  humic 
acid;  the  argillohumic  complexes  prepared  by  Demolon  and  Barbier 
{11)  by  coagulating  rotted  straw  with  clay  at  varying  pH  values,  and 
the  various  studies  by  Waksman  and  associates  {36,  37). 

CHARACTER  OF  ORGANIC  COLLOIDS  FROM  VARIOUS  SOIL-MAKING 

MATERIALS 

The  desired  colloids  were  secured  from  various  sources.  Wheat 
straw,  well  rotted  under  natural  conditions  and  never  in  contact  with 
soil  during  the  process  of  decomposition,  was  secured  from  Pennsyl- 
vania. A  similar  sample  of  barley  straw  and  one  of  clover  hay  were 
obtained  from  Iowa.  A  sample  of  deep  leaf  mold,  mainly  birch,  was 
secured  from  New  Hampshire,  and  a  rotted  oak  log  from  Virginia. 
N.  R.  Smith,  of  the  Division  of  Soil  Microbiology,  prepared  a  consider- 
able quantity  of  a  common  soil  organism,  Pseudomonas  fluorescens, 
and  Charles  Thom,  of  the  same  division,  kindly  prepared  a  quantity 
of  a  common  soil  fungus,  Alternaria  sp.  Both  of  these  organisms 
were  grown  in  media  containing  no  colloidal  material,  and  no  water 
insoluble  salts  were  added.  In  addition  work  was  done  with  material 
from  a  Leon  soil  hardpan  of  Florida  and  two  peat  samples  from 
Oregon,  and  with  extracts  from  soils  containing  considerable  organic 
matter,  the  fractions  of  which  were  probably  considerably  altered  in 
properties  by  the  extraction. 

The  colloids  were  all  extracted  in  the  usual  manner  employed  in  this 
Bureau:  dispersion  in  water  and  centrifuging.  The  colloids  were 
separated  from  the  suspensions  by  Pasteur-Chamberland  filters  as  a 
viscous  mass  and  used  in  this  condition  or  air-dried,  according  to  the 
requirements  of  the  experiments. 

»  Some  of  the  data  given  in  the  first  part  of  this  bulletin  were  presented  at  the  twelfth  annual  meeting  of 
the  American  Soil  Survey  Association,  November  J.931,  asd  a  summary  of  this  report  was  printed  in  the 
proceedings  of  that  meeting. 
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The  samples  of  bacteria  and  of  fun^s  were  prepared  differently 
from  the  others,  since  they  did  not  consist  of  material  of  colloidal  size. 
The  water  cultures  of  bacteria  were  passed  through  a  small  liigh-speed 
centrifuge  at  a  very  slow  rate  of  flow.  The  small  amount  of  solid 
material  passing  through  was  discarded  while  the  residue  in  the  bowl 
was  transferred  to  an  electrodialyzer  and  freed  from  diffusible  ions. 
The  fungus  residue  was  thoroughly  washed  by  decantation  and 
dispersed  as  completely  as  possible  with  a  Bouyoucos  agitator.  The 
suspension  was  then  electrodialyzed. 

It  is  well  known  that  the  pH  values  of  electrodialyzed  inorganic 
soil  colloids  vary  with  the  concentration  of  solid  material,  the  clear 
saturated  solutions  of  these  slightly  soluble  acids  being  of  much  lower 
hydrogen-ion  concentration  than  the  suspensions  containing  the  solid 
material.  The  pH  values  of  electrodialyzed  organic  colloids  were 
obtained  with  a  bubbling  hydrogen  electrode,  using  a  viscous  water 
suspension,  that  is,  about  1  part  of  colloid  to  3  parts  of  water.  Where 
clear  supernatent  solutions  were  obtainable,  they  were  determined 
also.  The  results  are  given  in  table  1.  Included  in  this  table  also 
are  the  ash  contents  of  the  electrodialyzed  colloids. 

Table  1. — Hydrogen-ion  concentration  and  ash  content  of  electrodialyzed  organic 

colloids 


Source  of  colloid 

Viscous 
material 

Clear 
solution 

Ash 

Source  of  colloid 

Viscous 
material 

Clear 
solution 

Ash 

Leaf  mold 

pH 
3.2 

2.7 
2.7 
3.2 

3.7 

6.2 
5.1 
4.5 
4.4 

4.0 

Percent 
3.0 
14.3 
18.1 
11.6 

.6 

AUemaria  tp 

pH 
3.2 
3.3 
3.1 
2.5 
2.3 

pH 

Percent 
2  8 

Clover  hay 

Leon  soil  hardpan.... 
Peat      --           

6.2 
4.7 
3.0 

36.6 

Barley  straw 

42.0 

Wheat  straw  .      .  . 

Becket  sou  extract!-. 
Marshall  soil  extract » 

Pseudomonas    fluor- 

16.4 

1  These  soils  were  treated  with  5  percent  NH4OH,  the  extract  filtered,  precipitated  with  HCl,  again 
filtered,  and  the  precipitate  electrodialyzed. 

The  colloids  obtained  from  materials  not  in  contact  with  soil  had 
ash  contents  ranging  from  3.0  percent  for  leaf  mold  to  18.1  percent 
for  the  barley  straw.  The  lowest  ash  content  was  shown  by  the 
bacterial  residue.  The  ash  contents  undoubtedly  affect  the  results 
of  this  study  but  at  least  they  are  not  soil  inorganic  colloid.  It  is 
recognized,  of  course,  that  ash  constituents  are  present  in  plant 
materials  to  the  extent  of  several  percent.  In  certain  cases,  partic- 
ularly the  straws  and  hay,  the  inorganic  material  apparently  tends  to 
concentrate  in  the  more  readily  dispersible  material.  The  colloid 
of  the  Leon  sand,  on  the  other  hand,  contained  much  more  organic 
matter  than  the  soil,  which  consists  essentially  of  quartz  sand  cemented 
by  organic  material. 

The  hydrogen-ion  concentration  of  the  electrodialyzed  materials 
varied  from  pH  2.3  for  the  Marshall  soil  extract  to  3.7  for  the  bacteria. 
The  acidity  of  these  colloids  was,  therefore,  of  the  same  order  as  that 
of  the  electrodialyzed  soil  colloids  recently  reported  by  Anderson 
and  Byers  (4).  Most  of  the  clear  solutions  were  more  acid  than  those 
from  inorganic  soil  colloids.  This  is  taken  as  an  indication  that  the 
acids  of  organic  soil  colloids  are  more  soluble  than  the  inorganic  ones. 
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The  organic  colloids  were  subjected  to  analytical  examination 
essentially  as  described  by  Feustel  and  Byers  (13)  in  their  study  of 
peat  profiles.     Analytical  data  are  given  in  table  2. 

Table  2. — Proximate  chemical  composition  of  colloids  from  various  electrodialyzed 

materials 


Sam- 
ple 
no. 

Kind  of  colloid 

Ether 
extract 

Alco- 
hol 
extract 

Hot- 
water 
extract 

Hemi- 
cellu- 
lose 

Celhi- 
lose 

Lignin 

6052 

Wheat  straw                 .         . 

Percent 

0.44 

.30 

.30 

.21 

.51 

4.63 

.54 

1.01 

Percent 
2.73 
1.64 
6.33 
6.41 
.84 
2.56 
2.98 
2.13 

Percent 
12.27 
7.32 
5.83 
1.80 
2.84 
8.46 
5.29 
1.57 

Percent 
3.24 
1.73 
3.43 
6.09 
1.57 
(') 
9.32 
3.93 

Percent 

0.99 
1.05 
.66 
2.58 
0) 
0) 
5.19 
(0 

Percent 
39  5 

6291 

Barley  straw 

61  2 

6292 

41.6 

5784 

52.2 

6804 

Leon  soil  hardpan 

18  8 

6873 

14.5 

6931 

Alternaria  sp     . 

29.0 

7023 

Peat 

27  6 

1  Trace. 


The  presence  of  ether,  alcohol,  and  water-soluble  components  is 
shown,  and  the  two  latter  particularly  are  relatively  high,  the  water- 
soluble  material  ranging  from  1.57  percent  for  the  peat  colloid  to 
12.27  percent  for  that  from  wheat  straw.  Both  cellulose  and  hemi- 
cellulose  are  present  in  significant  amounts  in  most  of  the  colloids, 
but  are  absent  in  the  material  of  bacterial  origin.  The  largest  single 
component  is  the  ligno-humic  complex  which  ranges  from  14.5  per- 
cent in  the  bacterial  residues  to  52.2  percent  in  the  leaf  mold.  There 
are  present  in  all  the  colloids  varying  quantities  of  nitrogenous  mate- 
rial which  was  not  determined.  This  may  be  assumed  to  be  par- 
ticularly large  in  the  bacterial  residue.  There  were  present  also 
significant  quantities  of  material  of  a  chitinous  character. 

BEHAVIOR  OF  ORGANIC  COLLOIDS 

Various  other  properties  of  the  organic  colloids  were  determined. 
Some  of  these  determinations  were  made  on  the  freshly  dispersed  and 
concentrated  material  and  others  on  the  materials  after  electrodial- 
ysis.  One  of  the  important  properties  of  both  organic  and  inorganic 
soil  colloids  is  their  capacity  to  neutralize  or  absorb  bases.  In  the 
case  of  inorganic  soil  colloids,  varying  base-holding  values  may  be 
obtained,  depending  upon  the  conditions  of  the  experiment.  In  the 
present  investigation  a  comparison  is  made  of  this  behavior  by  two 
different  methods,  electrometric  titration  with  sodium  hydroxide  and 
determination  of  the  ammonium-absorption  capacity.  Three  essen- 
tially inorganic  soil  colloids  were  also  treated  in  the  same  manner. 
In  each  case  the  colloids  were  electrodialyzed  as  a  preliminary 
treatment. 

The  colloidal  materials,  without  previous  drying,  were  transferred 
to  a  vessel  for  electrometric  titration  and  sodium-hydroxide  solution 
added  slowly  over  a  period  of  48  hours,  care  being  taken  to  prevent 
pH  values  from  rising  higher  than  7.5  at  any  time.  Approximate 
equilibrium  was  then  obtained  at  pH  7.0  ±0.2.  The  values  obtained 
for  several  colloids  are  given  in  table  3.  In  this  table  also  are  given 
the  quantities  of  ammonia  taken  up  by  the  colloids  from  0.5  normal 
ammonium  hydroxide  and  held  after  drying  on  a  steam  bath.     The 
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ammonia  present  was  determined  by  distillation  with  magnesium 
oxide. 


Table  3, — Comparison  of  NaOH  required  to  neutralize  electrodialyzed  colloids  and 
their  ammonia-holding  capacity 


Source  of  colloid 

NaOH  re- 
quired to 
neutralize 
1  gram  of 
colloid 

NHi  held  by 

1  gram  of 

colloid 

Ammonia 
value 

(NaOH  value) 

Leaf  mold    . 

Milliequiva- 
Unts 
0.967 
1.141 
.457 
.777 
.215 
1.097 
1.288 
1.790 
.723 
.091 
.057 
.580 

Milliequiva- 

Unts 

1.600 

1.681 

1.274 

1.388 

.495 

3.747 

2.680 

2.148 

2.  145 

.183 

.104 

.668 

1  65 

Clover  hay 

1  47 

Barley  straw  

2  79 

Pseudomonas  ftuoretcens 

1  79 

AUemaritts  sp 

2.30 

Becket  soil  > 

3  41 

Marshall  soil  > 

2  08 

Clover  hay  » 

1.20 

Barley  straw  * 

2  96 

Cecil  soil 

2  01 

Cecil  soil,  HjOj-treated 

1.82 

Fallon  soil,  HjOt-treated 

1  15 

These  soils  were  treated  with  5  percent  NH40n,  the  extract  filtered,  precipitated  with  HCl,  again 
filtered,  and  the  precipitate  electrodialyzed. 
«  The  water  extract  was  acidified  with  HCl  and  the  precipitate  electrodialyzed. 

The  acidic  character  of  the  various  organic  colloids  is  very  pro- 
nounced. In  each  case  the  equivalents  of  ammonia  held  exceed  the 
amount  of  sodium  hydroxide  required  for  neutralization.  There  is 
considerable  evidence  that  ammonia  tends  to  form  relatively  stable 
salts  with  the  colloidal  organic  acids,  as  well  as  with  the  inorganic 
alumino-silicic  acids.  The  latter  has  been  pointed  out  by  Kelley  and 
Brown  (7^)  and  by  Puri  {SO).  The  ratio  of  ammonia  equivalents  to 
those  of  sodium  varies  from  about  1.1  for  Fallon  soil  colloid  to  3.4  for 
an  alkali  extract  of  the  organic  portion  of  Becket  soil.  There  is  no 
regularity  for  this  ratio  within  the  different  classes  of  materials.  The 
differences  in  these  two  sets  of  values  would  seem  to  reflect  the  influ- 
ence of  two  or  more  factors.  In  the  first  place,  the  0.5  normal  am- 
monium hydroxide  added  in  considerable  excess  would  produce  a  pH 
value  much  above  neutrality  and  thus  make  possible  reaction  with 
secondary  or  tertiary  acid  hydrogen  or  other  groups  replaceable  by 
bases,  which  are  not  reactive  at  neutrality.  In  the  second  place,  there 
is  the  possibility  of  some  ammonia  being  held  mechanically. 

The  base-holding  capacity  of  most  of  the  organic  colloids  is  more 
pronounced  than  that  of  inorganic  colloids.  All  of  them  except  the 
barley-straw  colloid  and  the  fungus  material  react  with  more  base 
than  does  the  Fallon  colloid.  The  Fallon  colloid,  being  of  high  silica- 
sesquioxide  ratio  («5),  is  itself  capable  of  holding  more  base  than  most 
inorganic  colloids  and  is  several  fold  more  effective  than  the  Cecil 
colloid,  even  when  the  organic  matter  of  the  latter  is  not  removed. 
The  Cecil  colloid  is  of  low  silica-sesquioxide  ratio  (5). 

The  organic  materials  which  were  prepared  from  the  water  extracts 
of  organic  colloids  and  from  the  alkali  extracts  of  soils  high  in  organic 
matter  hold  exceptionally  large  amounts  of  bases.  The  fact  that  such 
large  quantities  of  ammonia  are  retained,  presumably  as  ammonium 
salts,  when  the  suspensions  are  evaporated  to  dryness,  also  indicates 
a  considerable  acid  strength.     This  indication  is  more  reliable  than 
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the  pH  values  because  of  the  question  of  solubility  involved  in  the 
latter  case.  Since  the  colloids  of  highest  base-holding  capacity  are 
obtained  by  water  extraction  and  by  ammonia  extraction,  it  «?eems 
evident  that  organic  compounds  of  this  type  are  subject  to  more 
rapid  leaching  from  soils  than  those  less  marked  in  this  respect. 

On  the  assumption  that  the  ammonium  salts  remaining  after  evapo- 
ration to  dryness  are  neutral  salts,  the  data  of  table  3  indicate  a  smaller 
equivalent  weight  for  the  organic  colloid  acids  than  for  the  electro- 
dialyzed  inorganic  colloids.  It  is  interesting  to  make  comparison  of 
the  equivalent  weights  of  the  organic  colloids  from  the  data  obtained 
with  the  theoretical  values  for  certain  organic  acids  reported  in  various 
soils.  For  instance,  uronic  acid  (35)  with  a  molecular  weight  of  194 
and  monobasic,  should  show  5.1  base  milliequivalents  per  gram,  and 
hydroxystearic  (34)  acid  3.3  milliequivalents.  No  data  have  been 
obtained  which  either  definitely  establish  or  preclude  the  presence  of 
these  acids,  but  the  presence  of  such  materials  is  entirely  compatible 
with  the  results.  Furthermore,  lignin  which  is  present  (table  2)  has 
been  shown  to  possess  considerable  base-exchange  capacity  (6,  9). 
Flax  lignin  prepared  by  the  Phillips  (27)  method  showed  an  ammonia- 
holding  capacity  of  0.916  milliequivalents  per  gram.  The  high 
values  of  base-exchange  capacity  can  therefore  not  be  due  to  lignin 
alone,  unless  other  lignins  are  of  much  greater  base-holding  capacity. 
The  equivalent  weight  of  this  compound  is  uncertain,  but  it  is  clear 
from  the  data  that  organic  acids  other  than  lignin  and  of  higher 
equivalent  weight  than  uronic  acid  or  hydroxystearic  acid  are  present. 

The  base  capacities  of  the  organic  colloids  are  easily  duplicated 
when  made  on  any  particular  sample  of  material  with  only  a  short 
interval  of  time  between  determinations.  Some  evidence  is  at  hand, 
however,  which  indicates  that  different  preparations  of  colloid  from  a 
sample  of  decomposing  material  may  vary  widely  in  character.  This 
accounts  for  the  somewhat  divergent  values  shown  for  some  of  the 
colloids  in  later  experiments.  This  is  in  contrast  with  most  inorganic 
soil  colloids,  of  which  duplicate  preparations  and  preparations  which 
have  stood  for  a  long  time  usually  show  relatively  little  difference  in 
most  of  their  properties. 

The  water-absorption  capacity  of  soil  colloids  over  30  percent 
sulphuric  acid  has  been  shown  to  be  a  very  useful  property  in  dis- 
tinguishing differences  in  their  character.  Such  determinations  have 
been  made  on  a  number  of  organic  colloidal  materials.  The  results 
are  given  in  table  4. 

Table  4. — Absorption  of  water  vapor  over  SO  percent  HiSOi  by  various  colloids 


Source  of  colloid 

HjO 
absorbed 

Source  of  colloid 

HjO 
absorbed 

Percent 
15.85 
14.20 
18.96 
11.74 
16.43 
14.94 
10.65 
27.43 

Becket  soil  extract  1 ' 

Percent 
22.88 

Marshall  soil  extract '  * 

16.36 

Do.2 

Clover-hay  extract  *.    

16.35 

Barley-straw  extract '  * 

15.18 

Do.2                                           

Leon  soil  hardpan  2 

20.62 

Wheat  straw  2 

Peat  2 

13.73 

JPseudofnonus  fluoTcscens  ' 

Fallon  soil,  H202-treated  •    

18.19 

Cecil  soil,  HjOj-treated  i 

4.76 

1  Electrodialyzed  material. 
*  Fresh  colloid. 

»  These  materials  were  treated  with  5  percent  NH4OH,  the  extract  filtered,  precipitated  with  HCl,  again 
filtered,  and  the  precipitate  electrodialyzed. 
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The  water-absorption  values  ranged  from  10.65  percent  for  the 
bacteria  to  27.43  percent  for  the  fungus.  Debasing  by  electrodialysis 
resulted  in  a  significant  reduction  in  water-absorbing  power  amounting 
to  about  30  percent  in  cases  where  the  original  material  was  of  high 
base  content.  The  absorption  was  of  about  the  same  magnitude  as 
that  of  soil  colloids,  with  pronounced  colloidal  properties,  such  as  that 
from  the  Fallon  soil.  A  few  ran  higher  than  any  of  the  inorganic  soil 
colloids  which  have  been  studied  (14)- 

The  heats  of  wetting  of  organic  colloids  alone  are  not  easily  deter- 
mined in  many  cases,  on  account  of  the  fact  that  in  powder  form  they 
are  usually  not  readily  wetted  by  water.  Determinations  were  made, 
however,  of  the  heats  of  wetting  of  organic  colloids  mixed  with  Cecil 
soil  colloid,  the  organic  matter  content  of  which  was  about  1.4  percent. 
The  mixing  was  done  by  thorough  agitation  of  the  suspensions  in  large 
volumes  of  water  slightly  alkaline  from  the  deflocculent  used  in  the 
preparation  of  the  Cecil.    The  results  are  given  in  table  5. 


Table  5. — Heals  of  wetting  of  Cecil  colloid  mixed  with  various  organic 

colloids  1 

Kind  of  colloid  or  mixture 

Heat  of 
wetting 
per  gram 
of  mate- 
rial 

Calcu- 
lated heat 
of  wetting 
per  gram 
of  organic 

matter 

Kind  of  colloid  or  mixture 

Heat  of 
wetting 
per  gram 
of  mate- 
rial 

Calcu- 
lated heat 
of  wetting 
per  gram 
of  organic 

matter 

Cecil  alone 

Calories 
4.5 

1          7.3 

}          8.6 

9.3 

8.2 

)          6.7 

Calories 

Cecil,  91.9  percent 

Calories 
9.3 

6.0 
J  3.7 

7.4 
11.0 

Calories 

Cecil,  91.9  percent 

»39.1 
31.9 
44.2 
29.2 
28.9 

Leon  (hard pan),  8.1  percent. . 
Cecil,  91.4  percent 

63.8 

Barley  straw,  8.1  percent 

Cecil,  85.0  percent 

22.0 

Barley  straw,  15.0  percent 

Cecil,  90.9  percent 

Cecil,  87.9  percent 

Fungus,  9.1  percent 

Clover  hay,  12.1  percent 

Cecil,  93.5  percent 

CecU,  85.0  percent 

Peat,  6.5  percent  .. .. 

49.2 

Wheat  straw,  15.0  percent 

Cecil,  83.4  percent 

Cecil,  91.0  percent 

Peat,  16.6  percent 

43.7 

Leaf  mold,  9.0  percent 

»  Organic  colloid  freshly  dispersed  mixed  with  slightly  alkaline  Cecil  colloid. 
'  Example  of  calculation  (73X100)M91.9X4.5)_3q^  calories. 
*  Not  all  wetted  by  water;  some  floated  on  the  surface. 


The  addition  of  from  7  to  17  percent  of  undialyzed  organic  colloid 
increased  the  heat  of  wetting  of  Cecil  colloid  from  its  original  value 
of  4.5  calories  a  gram  to  values  ranging  from  7.3  to  1 1  calories.  When 
calculation  is  made  of  the  heat  increase  due  to  each  gram  of  organic 
colloid  added,  these  values  amount  to  from  22  to  63  calories.^ 

These  values  are  in  some  cases  higher  than  might  be  expected, 
even  for  substances  of  pronounced  colloidal  properties.  However, 
most  of  the  values  are  not  greatly  different  from  those  calculated  from 
data  obtained  by  indirect  methods,  involving  the  use  of  hydrogen 
peroxide  for  the  removal  of  organic  matter  from  soil  colloids  of  rela- 
tively high  organic  content.  In  one  set  of  data  such  values  ranged 
from  19  to  47  calories  per  gram  of  organic  colloid  destroyed  (4). 

The  data  at  hand  are  insufficient  to  show  whether  or  not  organic 
colloids  are  capable  of  producing  the  high  values  indicated,  or  whether 
the  mixing  brings  about  a  certain  change  in  the  character  of  gel  forma- 

*  The  data  given  in  table  5  and  the  subsequently  calculated  values  are  subject  to  somewhat  greater  inac- 
curacy than  most  of  the  data.  The  organic  contents  were  estimated  from  differences  iu  loss  on  ignition,  and 
no  allowance  is  made  for  the  influence  of  the  ash-forming  portion  of  the  oolloida. 


8  TECHNICAL   BULLETIN    377,  U.S.  DEPT.  OF   AGRICULTURE 

tion  making  possible  a  higher  heat  of  wetting  than  is  shown  by  the 
sum  of  the  components  alone.  It  seems  highly  improbable  that 
chemical  reaction  would  take  place  to  any  considerable  degree  between 
materials  in  the  condition  these  were  at  the  time  of  mixing,  although 
reaction  is  highly  probable  under  other  conditions.  The  soil  colloid 
was  moderately  alkaline,  about  pH  8,  from  the  ammonia  added  for  its 
dispersion,  and  the  organic  matter  was  of  varying  pH  values  as  it  oc- 
curred in  the  different  natural  materials.  The  chemical  reactions 
between  organic  colloids  and  inorganic  soil  colloids  will  be  subsequently 
considered  in  detail. 

RELATION  OF  SOIL-MAKING  ORGANIC  RESIDUES  TO  SOIL  COLLOIDS 

The  data  as  a  whole  show  that  colloidal  materials  extracted  from 
various  rotted  organic  residues,  as  well  as  the  remains  of  bacteria 
and  fungus  bodies,  possess  colloidal  properties  similar  in  character 
to  materials  extracted  from  the  soil  and  to  the  properties  of  the  organic 
portion  of  soils  determined  indirectly.  The  data  obtained  offer  no 
assurance  that  the  particular  compounds  in  the  materials  studied  are 
present,  or  are  not  present,  in  any  considerable  quantity  in  most 
soils.  It  is  clear,  however,  that  they  are  materials  similar  in  much 
of  their  behavior  to  a  part  of  the  organic  portion  which  is  being  added 
to  soils  by  natural  processes.  The  water-holding  capacity  of  the 
fungus  is  probably  greater  than  that  of  most  organic  soil  colloids, 
while  its  acidic  character  or  base-holding  power  is  somewhat  less. 
The  water  absorption  by  bacterial  cells  is  a  little  below  that  of  most 
of  the  other  organic  materials  studied,  while  its  acidic  qualities  are 
much  higher  than  the  fungus  and  nearly  in  line  with  those  of  rotted 
plant  residues.  It  should  be  noted  that  the  fungus  and  bacterial 
residues  are  fresh  cellular  material  for  the  most  part  and  probably 
do  not  correspond  to  their  residues  as  finally  left  in  soil  colloids. 
The  data  at  hand,  taken  all  together,  make  it  easily  comprehensible 
why  the  properties  of  soils,  particularly  those  of  low  colloidal  property 
values,  may  be  greatly  altered  by  the  presence  of  small  amounts  of 
organic  matter. 

PROPERTIES  OF  ORGANIC  COLLOIDS  IN  MIXTURES 

Little  of  a  definite  nature  is  known  of  the  influence  which  organic 
colloids  have  upon  inorganic  colloids  when  mixtures  are  made  in 
varying  proportions,  or  when  organic  colloids  are  mixed  with  inorganic 
material  not  wholly  colloidal.  Some  evidence  leads  to  the  inference 
that  the  part  contributed  by  organic  colloids  in  mixtures  may,  in 
certain  cases  at  least,  be  much  out  of  proportion  to  that  which  would 
result  if  the  properties  of  the  ingredients  were  simply  additive.  There 
is,  of  course,  the  possibility  that  the  gel  character  of  the  material 
may  be  altered  without  a  chemical  change  more  significant  than 
possibly  a  change  in  the  state  of  hydration.  Nevertheless  it  is  well 
known  that  a  change  in  gel  character  may  result  in  wide  differences 
in  certain  colloidal  properties,  such  as  water  absorption  or  water- 
holding  power,  and  in  some  indirect  manner  may  influence  other 
properties,  usually  considered  to  be  essentially  chemical,  such  as  base 
exchange. 

In  two  recent  investigations  Powers  {28,  29)  found  an  increase  in 
base-exchange  capacity  of  organic  colloid  as  a  result  of  mixing  it 
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with  sand  grains  and  with  soil  colloid.  The  absorption  value  per 
gram  of  organic  colloid  increased  with  a  decrease  in  the  percentage 
of  colloid  present  in  the  cases  where  quartz  sand  was  used.  When 
soil  colloids  were  used  maximum  values  were  reached  with  20  to  40 
percent  of  organic  colloid  present. 

There  is  no  rational  basis  for  assuming  any  kind  of  interaction 
between  organic  colloid  and  quartz  sand  grains.  The  presumption  is, 
therefore,  that  the  change  in  state  of  aggregation  resulting  from  a 
distribution  over  sand  grains  made  it  more  reactive  with  the  barium 
chloride  solution  used  in  these  experiments.  There  is,  of  course,  also 
the  possibility  that  an  increase  in  the  rate  at  which  the  washing  could 
be  carried  out  might  alter  the  quantity  of  cations  left  with  the  colloidal 
organic  acid  after  the  excess  of  electrolyte  was  removed.  There  is 
therefore  an  element  of  doubt  as  to  whether  or  not  the  determinations 
are  strictly  comparable.  Several  papers  by  Demolon  and  associates 
{11,  12)  show  some  form  of  "fixation"  of  humus  and  other  organic 
substances  by  clay.  The  type  of  interaction  involved  is  not  clear,  but 
the  presumption  is  that  chemical  forces  were  involved  to  some  extent 
at  least. 

Humic  acid,  or  more  strictly  speaking,  the  various  acids  of  this 
type  which  are  soluble  in  alkalies  and  precipitated  by  acids,  have 
been  prepared  and  studied  by  many  investigators  over  a  long  period. 
In  some  cases  these  acids  have  probably  been  used  in  a  form  approxi- 
mating true  solutions  of  their  salts.  In  other  cases  essentially  col- 
loidal material  in  the  form  of  the  very  slightly  soluble  acids  has  been 
employed.  One  would  expect  differences  in  the  behavior  of  soluble 
salts  of  humic  acid,  the  more  distinctly  acid  form  of  humus  in 
colloidal  form,  and  the  other  colloidal  organic  matter  not  usually 
classified  as  humic  acid.     This  seems  in  general  to  be  the  case. 

Kawamura  {15)  treated  humic  acid  from  peat  and  from  cane  sugar 
\\dth  bases  and  found  that  the  samples  behaved  similarly;  1  gram  of 
the  humus  took  up  about  3  equivalent  millimols  of  base.  Both 
forms  of  humic  acid  absorbed  aluminum  from  aluminum  chloride 
and  almost  no  chlorine.  The  aluminum  remained  in  the  complex 
after  washing  free  from  chlorine  and  showed  exchange  acidity.  The 
composition  of  the  material  was  such  as  to  suggest  the  formation  of 
aluminum  trihumate. 

In  this  study  of  the  colloidal  character  of  organic  colloids,  which 
have  some  relationship  to  soil  organic  matter,  certain  mixtures  have 
been  investigated.  Some  of  the  same  determinations  were  made  as 
were  used  in  the  study  of  organic  colloids  alone,  particularly  the 
determinations  of  water  vapor  absorption  and  the  absorption  of 
ammonia.  Preliminary  results  showed  fairly  good  agreement  of 
duplicates  in  most  cases,  but  the  results  were  erratic  when  one  mix- 
ture was  compared  with  another.  A  few  determinations  of  base- 
exchange  capacity  bv  the  use  of  the  barium  cliloride  method  were 
made,  but  these  results  are  not  included.  The  duplicates  were  poor, 
presumably  due  to  the  difficulty  of  comparable  wasliing  when  the 
colloids  of  the  mixtures  varied  in  porosity  and  permeability.  No 
attempt  was  made  to  solve  the  difficulties  of  this  determination  since 
essentially  the  same  type  of  information  could  be  obtained  by  the 
ammonia  absorption  determination  as  previously  described^  a  deter- 
mination which  appears  to  be  beset  by  less  fundamental  difficulties. 

178018°-33 2 
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WATER- VAPOR  ABSORPTION  BY  COLLOID  MIXTURES 

In  the  study  of  water-vapor  absorption  by  the  mixtures  of  organic 
colloid  with  quartz  flour  or  with  inorganic  soil  colloid,  samples  of 
well-dispersed  colloid  were  used  and  the  mixing  done  by  shaking  or 
by  agitation  in  a  Buoyoucos  agitator.  The  materials  were  then 
dried,  pulverized,  and  the  water-vapor  absorpton  determined  in  the 
usual  manner.     A  preliminary  set  of  results  are  given  in  table  6. 

Table  6. — Ahsorplion  of  water  vapor  over  30  percent  H2S0i  by  various  colloids  and 
mixtures  of  the  colloids  with  other  substances 


Kind  of  material  i 


Leaf  mold - 

Clover  hay. 

Barley  straw  * 

Do 

Quartz  flour 

Cecil  soil -. 

Quartz  flour,  97.5  percent- 
Leaf  mold,  2.5  percent 

Quartz  flour,  93.7  percent- 
Leaf  mold,  6.3  percent 

Quartz  flour,  97.3  p  rcent.. 
Clover  hay,  2.7  percen^ — 
Quartz,  flour,  91. b  percent. 

Clover  hay,  8.4  percent 

Fallon  soil 

Quartz  flour,  91.6  percent. 

Fallon  soil,  8.4  percent 

Fallon  soil,  90.1  percent... 
Clover  hay,  9.9  percent... 
Fallon  soil,  88.8  percent... 
Leaf  mold,  11.2  percent — 

Cecil  .soil,  90.4  percent 

Barley  straw,  9.6  percent'. 

Cecil  soil,  95.1  percent 

Barley  straw,  4.9  percent  * 

Cecil  soil,  85.2  percent 

Barley  straw,  14.8  percent. 

Cecil  soil,  85.2  percent 

Barley  straw,  14.8  percent. 


Water 

vapor 

absorbed 


Percent 
15.85 
14.20 
16.43 
11.74 
.11 
4.76 

.58 

1.29 

.63 

1.35 

18.19 

1.74 

16.47 

16.34 

6.26 

4.71 

4.97 

5.34 


Calcu- 
lated 
absorp- 
tion of 
mixture 

if  un- 
changed 


Percent 


0.51 
LIO 

.49 
1.29 


1.63 
17.79 
17.92 
5.88 
5.23 
5.45 
6.79 


Change 

resulting 

from 

mixing 


Percent 


+13.7 

+17.3 

+28.6 

+4.7 


+6.7 
-7.4 


-10.5 
-9.9 


Calcu- 
lated 
absorp- 
tion of 
organic 
colloid 

in 
mixture 


Percent 


18.8 
18,9 
19.3 
14.9 


0) 
10.00 
3.7 
6.9 


1  The  materials  listed  in  this  column  are  all  colloids  except  the  quartz  flour,  a  considerable  part  of  which 
was  of  colloidal  dimensions. 
'  Not  electrodialyzed. 
>  None. 


The  results  in  table  6  are  of  value  in  pointing  out  general  relation- 
ships in  spite  of  the  fact  that  they  are  very  inconsistent  from  a  quan- 
titative standpoint.  Duplicate  absorption  determinations  were  run 
on  each  mixture  prepared,  and  these  were  in  fairly  good  agreement 
but  sometimes  not  so  good  as  when  single  substances  are  used.  This 
does  not  mean,  however,  that  a  second  preparation  with  the  same 
quantities  involved  would  necessarily  agree  as  closely.  Two  signifi- 
cant facts  stand  out.  (1)  Organic  colloid  mixed  with  quartz  flour 
results,  in  every  case,  in  an  increase  in  water  absorption  over  that 
calculated  for  the  constituents  taken  alone,  and  (2)  organic  colloid 
shows  a  reduction  in  water  absorption  as  a  result  of  mixing  with  a 
soil  colloid ;  that  is,  the  absorption  of  the  mixture  is  less  than  the  sum 
of  the  constituents  taken  alone.  The  variations  are  not  consistent 
in  either  case;  in  fact,  it  would  be  surprising  if  they  were  consistent 
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in  all  cases  for  the  distribution  of  the  colloid  throughout  the  mass 
could  hardly  be  uniform  even  when  the  same  quantities  are  present. 
A  significant  factor  in  this  connection  may  be  the  condition  of  the 
electrodialyzed  acid  colloids.  These  were  in  reality  somewhat  coagu- 
lated even  though  they  stayed  in  suspension  for  several  hours  after 
agitation.  It  seems  highly  probable  m  the  case  of  quartz  flour  and 
colloid  that  the  porosity  of  the  quartz  aided  in  the  accessibility  of  the 
water  to  the  colloid.  This  explanation  applies  also  to  a  sample  of  the 
highly  absorbing  Fallon  soil  colloid,  which  behaved  in  quartz  simi- 
larly to  the  organic  colloids.  Furthermore,  when  soil  colloid  was 
added  to  organic  colloid,  the  reduced  absorption  was  probably  due  in 
part  to  poorer  accessibility  of  water  to  the  organic  colloid  and  in  part 
to  some  form  of  chemical  action  between  the  organic  acid  and  the 
soil  colloid,  whereby  a  gel  of  somewhat  different  character  was 
formed. 

AMMONIA  ABSORPTION  BY  COLLOID  MIXTURES 

The  ammonia-absorption  determinations  made  in  the  first  section 
of  this  bulletin  were  carried  out  with  only  ordinary  care  as  to  the  con- 
ditions of  drying.  "Numerous  determinations  of  organic  colloids  and 
of  soil  colloids  alone  showed  that  drying  on  a  steam  bath  for  1  to  5 
hours  or  heating  at  75°  to  80°  C.  had  but  little  effect  upon  the  quan- 
tity of  ammonia  held.  The  results  shown  in  table  7  indicate  from 
their  irregularity  that  much  more  care  must  be  taken  in  regulating 
the  conditions  of  drying  in  the  case  of  certain  mixtures. 

Table  7. — Ammonia  absorbed  by  various  colloids  alone  and  in  mixtures 


Kind  of  colloid 


Ammonia 
absorbed 
per  gram 
of  material 


Calculated 
absorption 
per  gram 
of  mixture 
if  constitu- 
ents remain 
unctianged 


Absorption 
per  gram 
of  organic 

colloid  cal- 
culated 


Alteration 
ofcombined 
constitu- 
ents result- 
ing from 
mixing 


Clover  hay 

Leaf  mold 

Fallon  soil 

Cecil  soil 

Do» 

Quartz  flour » 

Bacteria 

Fallon  soil,  44.4  percent. . 
Cecil  soil,  55.6  percent — 
Fallon  soil,  89.0  percent. . 
Cecil  soil,»  11.0  percent... 
Fallon  soil,  88.8  percent.. 
Leaf  mold,  11.2  percent... 
Fallon  soil,  90.1  percent.. 

Clover  hay,  9.9  percent 

Cecil  soil,  93.8  percent.... 
Leaf  mold,  6.2  percent 

guartz  flour,  97.3  percent 
lover  hay,  2.7  percent... 
guariz  flour,  91.6  percent 
lover  hay,  8.4  percent... 
Quartz  flour,  97.5  percent 
Leaf  mold,  2.5  percent — 
Quartz  flour,  93.7  percent 

Leaf  mold,  6.3  percent 

Bacteria,  3.8  percent 

Cecil  soil,'  90.2  percent... 

Bacteria,  7.0  percent 

Cecil  soil,'  93.0  percent- 
Bacteria,  10.5  percent 

Cecil  soil,'  89.5  percent... 


Milli- 
equivalents 
1.717 
1.600 
.668 
.183 
.104 
(») 
1.388 

.372 
.154 
.766 
.779 
.243 
.024 
.077 
.030 
.066 
.116 
.181 
.205 


Milli- 
equivalents 


Milli- 
equivalents 


0.398 
.166 
.772 
.772 
.270 
.046 
.144 
.040 
.101 
.162 
.104 


1.66 
1.80 
1.16 
.89 
.92 
1.20 
.89 
.39 
.90 


Percent 


-6.5 

-7.2 

-.8 

+.9 

-10.0 

-48.0 

-46.0 

-25.0 

-45.0 

-24.0 

-16.0 

-14.0 


« Treated  with  HjOj  before  electrodlalysia.     *  Very  fine  material  but  only  partly  colloidal.     » Trace. 
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Although  the  ammonia  reaction  may  be  assumed  to  be  more  defi- 
nitely chemical  in  character  than  the  absorption  of  water  vapor,  it 
appears  to  be  affected  by  some  of  the  same  factors,  namely,  state  of 
aggregation  and  the  exposure  of  its  surfaces  in  a  variable  manner. 
These  factors  may  be  responsible  for  much  of  the  variation.  There 
seems  to  be  no  reason  for  assuming  a  reaction  of  any  kind  between 
quartz  flour  and  acid  colloid  which  would  significantly  diminish  the 
acid  character  of  the  latter. 

In  view  of  the  results  given  in  table  7  and  of  other  data  which  will 
be  shown  in  a  later  table,  it  seemed  highly  desirable  to  learn  whether 
or  not,  by  very  ri'rid  adherence  to  comparable  conditions,  more  con- 
sistent results  could  be  obtained.  A  freshly  electrodialyzed  and  homog- 
enized sample  of  the  rotted  oak-wood  colloid  was  measured  out  in 
10  cm^  portions  from  a  pipette  having  a  large  tip.  The  organic 
colloid  thus  measured  was  added  to  varying  quantities  of  very  fine 
quartz  flour  in  portions  of  5,  10,  and  15  grams  per  sample.  The 
samples  were  thoroughly  stirred  and  each  treated  with  about  20  cm^ 
of  0.5  normal  ammonium  hydroxide  in  100  cm"^,  then  allowed  to  evapo- 
rate very  slowly  on  a  steam  bath.  After  dryness  was  reached  a  second 
portion  of  ammonia  was  added.  As  soon  as  the  samples  became  dry 
they  were  removed  from  the  steam  bath  and  placed  in  an  oven  at 
75°  C.  for  5  hours.  Distillation  with  magnesium  oxide  was  then 
carried  out  in  the  usual  manner.     The  results  are  shown  in  table  8. 

Table  8. — Influence  of  sample  and  presence  of  quartz  flour  upon  the  absorption  of 
ammonia  by  rotted  wood  colloid 


Weight 

of 
sample 


Orams 

0.431 
.862 
1.293 

15. 431 
10. 431 
6.431 
6.862 
6.293 


Constituents 


Organic 
colloid 
present 


Ammonia 

absorbed 

by  whole 

colloid 


Calculated 
absorption 
per  gram 
of  organic 
colloid 


Loss  result- 
ing from 
mixing 


Percent 

r2.1  percent  organic  colloid.. 
\97.9  percent  quartz  flour... 
h.l  percent  organic  colloid.. 
\95.9  percent  quartz  flour... 
f7.9  percent  organic  colloid.. 
\92.1  percent  quartz  flour .._ 
ri4.7  percent  organic  colloid. 
\85.3  percent  quartz  flour... 
f20.5  percent  organic  colloid. 
(.79.5  percent  quartz  flour... 


Grams 

0.431 
.862 
1.293 

.431 
.431 
.431 
.862 
1.293 


Milli- 

equivalents 

0.495 

1.054 

1.549 

.444 
.438 
.438 
.917 
1.494 


Milli- 

equivaients 

1.15 

1.22 

1.20 

1.03 
1.02 
1.02 
1.06 
1.14 


Percent 


10.3 
11.3 
11.3 
13.1 
5.2 


It  is  evident  from  the  data  presented  that  variations  due  to  size  of 
sample  within  the  limits  investigated  are  but  little  more  than  might 
sometimes  be  obtained  by  duplicates  in  this  type  of  base-exchange 
reactions.  However,  there  is  a  tendency  toward  lower  results  with 
small  samples  and  moderately  lower  results  when  any  quartz  is  present. 
When  relatively  large  quantities  of  quartz  flour  were  present  the  am- 
monia absorption  was  reduced  by  approximately  10  percent.  The 
samples  of  mixtures  used  in  this  set  of  determinations  were  much 
larger  than  those  used  in  the  other  experiments.  Samples  of  0.7  gram 
to  4.0  grams  each  of  colloids,  depending  upon  the  absorbing  power, 
were  found  to  be  satisfactory  in  the  earlier  experiments  with  soil  and 
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organic  colloids  alone.  It  is  evident,  however,  that  in  certain  cases 
closelv  similar  sample  size  is  necessary  for  the  duplicate  results. 

It  is  difficult  to  ovnl I i;i(('  dofmitely  tho  difTorfMit  factors  which  may 
have  an  influence  upon  nnnnonia-absorption  \;ilii(^s  in  such  mixtures. 
Even  though  there  may  be  a  difference  in  the  surface  exposed  as  a 
result  of  mixing  a  colloid  with  an  inert  substance,  it  is  still  not  clear 
whether  the  lower  ammonia  values  result  from  greater  desiccation  or 
from  decomposition  of  the  dry  compound,  independent  of  the  water 
content. 

From  the  results  thus  far  presented  there  is  no  basis  upon  which  to 
decide  whether  the  alteration  in  ammonia  absorption  in  the  soil  col- 
loid-organic colloid  mixtures  is  due  to  causes  similar  in  nature  to  those 
operative  with  quartz  flour,  or  whether  a  more  or  less  definite  chemical 
reaction  had  taken  place  between  the  sesquioxides  of  the  soil  colloid 
and  the  colloidal  organic  acid  whereby  the  absorbing  power  of  the 
latter  was  lowered.  The  fact  that  the  Cecil  colloid  doubtless  con- 
tains more  or  less  free  sesquioxides  and  the  possibility  of  a  reaction 
between  the  acid  organic  matter  and  one  or  both  of  these  oxides  is 
entirely  compatible  with  the  results.  It  seemed  desirable,  therefore, 
to  study  tliis  possibihty  in  greater  detail. 

HYDRATED  OXIDES  AND  ACID  ORGANIC  COLLOIDS 

Various  investigations  have  pointed  to  the  probability  of  some 
degree  of  chemical  interaction  between  sesquioxides  and  soil  organic 
matter.  Experiments  which  have  heretofore  been  made  on  this 
subject  have  concerned  for  the  most  part  studies  of  coagulated  mix- 
tures of  organic  matter  with  sesquioxides  in  varying  proportions. 
Coagulation  of  mixtures  of  colloids  does  not  of  course  necessarily 
imply  any  extensive  chemical  interaction  but  may  be  the  neutraliza- 
tion of  the  opposite  charges  which  served  to  stabilize  the  separate 
colloids. 

The  studies  of  Aamio  {1)  showed  that  ferric  hydroxide  ^  sols  mixed 
in  varying  proportions  with  organic  matter  sols  from  different  peats 
brought  about  complete  flocculation  over  considerable  range  of  com 
position.  Although  the  results  varied  widely,  depending  upon  the 
conditions  of  the  experiments,  certain  generalizations  may  be  made. 
An  average  taken  from  a  number  of  Aarnio's  results  showed  precipita- 
tion beginning  when  the  proportions  of  Fe203  to  organic  sol  was  1  :  1 .65 
by  weight  and  ending  when  the  ratio  was  1  :  0.47.  A  single  experi- 
ment using  alumina  instead  of  iron  showed  a  ratio  of  1  part  AI2O3  to 
30  parts  of  organic  sol  at  the  beginning  of  precipitation  and  a  ratio 
of  1  :  1  when  precipitation  ended.  It  is  evident  that,  as  a  rule,  much 
more  organic  sol  is  required  to  precipitate  alumina  than  is  required 
for  sols  of  ferric  hydroxide  but  that  the  range  of  proportions  over 
which  precipitation  is  complete  is  greater  in  the  case  of  alumina. 

The  results  of  Mattson's  research  {W,  21),  while  not  directly  com- 
parable with  those  of  Aamio,  show  in  general  that  larger  quantities 
of  organic  matter  are  required  to  form  a  precipitate  with  aluminum 
chloride  than  with  ferric  chloride.  Furthermore,  Mattson  calls 
attention  to  the  possibility  of  flocculating  niLxtures  of  sesquioxides 
with  organic  sols  in  any  proportion,  provided  the  proper  pH  values 
are  attained  by  the  addition  of  either  acid  or  alkali.     Subsequent 

<  It  is  of  course  recoiiaizecl  that  ferric  hydroxide  may  easily  lose  water  and  become  ferric  oxide  more  or  less 
hydrated. 
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work  by  Mattson  (23)  shows  a  relationship  between  composition, 
flocculation,  and  pH  value  of  mixtures  of  sesquioxides  with  proteins 
and  with  humus. 

In  order  to  test  further  the  manner  and  degree  to  which  free 
sesquioxides  would  function  if  present  in  the  colloid  system  containing 
organic  matter,  experiments  were  made,  using  hi^hlj  purified  alumina 
and  hydrated  oxides  of  both  ferrous  and  fernc  iron  and  of  silicic 
acid.  The  alumina  and  the  ferric  hydroxide  were  prepared  by 
neutralizing  solutions  of  the  respective  chlorides,  washing  by  the  use 
of  Pasteur-Chamberland  filters  until  the  chloride  contents  were  low, 
then  electrodialyzing  to  remove  all  but  a  minute  trace  of  chloride. 
These  hydrates  were  then  drawn  through  a  Gooch  crucible  to  produce 
a  well  homogenized  condition  and  this  material,  without  previous 
drying,  was  thoroughly  mixed  with  the  organic  colloids  and  the 
ammonia  and  water  absorption  determined  (tables  9,  10,  11). 

Table  9. — Ammonia  held  by  organic  colloids,  by  AKOH)^,  and  by  mixtures 


Source  of  colloid  and  percentage  of  A1(0H)3  used 


Ammonia 
absorbed 
per  gram 
of  colloid 


Calculated 
absorption 
by  mixture 
assuming 
constitu- 
ents un- 
changed 


Calculated 
absorption 
of  organic 
colloid  in 
mixture 


A1(0H)3 

Barley  straw 

Oak  wood... 

Barley  straw,  10  percent. 

Al( OH) 3,  90  percent 

Barley  straw,  10  percent. 

A1(0H)3  2,  90  percent 

Barley  straw,  20  percent. 

A1(0H)3,  80  percent 

Barley  straw,  20  percent. 

Al(OH)3  2,  80  percent 

Oak  wood,  8.1  percent... 
A1(0H)3,  91.9  percent-... 
Oak  wood,  3.3  percent... 
AI(0H)3,  96.7  percent.— 


Milli- 
equivalents 
0) 
1.000 
1.085 

.025 
.025 


Milli- 
equivalents 


Milli- 
equicalents 


.031 


(') 


0.100 
.100 
.200 
.200 
.088 
.a36 


0.250 
.250 


.342 


.212 


1  None. 


Duplicate  preparation  of  A1(0H)3 


»  Trace. 


Table  10. — Influence  of  the  presence  of  ferric  hydroxide  upon  the  ammonia  absorp- 
tion of  electrodialy  zed  organic  colloids 


Percentage  of  colloid  and  of 
ferric  hydroxide  used 


Ferric  hydroxide,  100  percent.. 

Barley  straw,  100  percent 

Barley  straw,  10  percent 

Ferric  hydroxide,  90  percent- . 

Barley  straw,2 10  percent 

Ferric  hydroxide,  90  percent. . 

Humic  acid, 3  100  percent 

Huraic  acid,  27.6  percent 

Ferric  hydroxide,  72.4  percent. 

Peat,  100  percent 

Peat,  49.4  percent... 

Ferric  hydroxide,  50.6  percent. 

Peat,  36.9  percent 

Ferric  hydroxide,  63.1  percent . 


Ammonia 
absorbed 
per  gram 
of  organic 
matter 


Milli- 
equiva- 
lents 
0) 
1.00 

.94 


2.71 
2.22 
2.31 
2.09 

1.79 


Loss  re- 
sulting 
from 
mixing 


PerceTit 


6.0 
9.0 


18.1 


9.5 
22.5 


Percentage  of  colloid  and  of 
ferric  hydroxide  used 


Peat,  19.6  percent 

Ferric  hydroxide,  80.4  percent. 

Peat,  10.9  percent 

Ferric  hydroxide,  89.1  percent. 

Eotted  wood  < 

Rotted  wood,  36.2  percent 

Ferric  hydroxide,  63.8  percent. 

Rotted  wood,  19.8  percent 

Ferric  hydroxide,  80.2  percent. 

Rotted  wood,  15  percent 

Ferric  hydroxide,  85  percent.. 

Rotted  wood,  11.3  percent 

Ferric  hydroxide,  88.7  percent. 


Ammonia 
absorbed 
per  gram 
of  organic 
matter 


Milli- 
equiva- 
lents 

1.56 

L57 
1.10 

.79 

.64 
.66 
.62 


Loss  re- 
sulting 
from 
mixing 


Percent 
32.6 

32.0 


28.2 
41.8 
47.3 
62.7 


1  None. 

»  This  is  an  aliquot  of  the  above  sample  which  stood  for  3  months  drying  slowly  before  addition  of  NHiOH. 

»  Humic  acid  was  prepared  from  Trenary  fine  sandy  loam  soil  by  extraction  with  NH4OH,  evaporation, 
and  subsequent  electrodialysis. 

*  The  determinations  with  rotted  wood  and  those  with  peat  were  made  at  one  time,  each  mixed  and  dried 
for  the  same  period,  and  the  members  of  each  set  had  identical  weights  of  organic  colloid. 
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Table  11. — Absorption  of  water  vavor  over  SO  percent  HiSOi  by  various  electro- 
dialyzed  colloids  alone  and  in  mixtures 


Kind  of  colloid  or  mixture 


Water 
vapor  ab- 
sorbed 


Calculated 
absorption 
of  mixture 

if  un- 
changed 


Change 
resulting 

from 
mixing  > 


Calculated 
absorption 
of  orpanic 
colloid  in 
mixture  > 


Ferric  hydroxide 

Alumina  (no.  1) 

Alumina  (no.  2) 

Silica 

Barley  straw 

CecUsoil 

Ferric  hydroxide,  90  percent 

Barley  straw,  10  percent 

Ferric  hydroxide,  80  percent 

Barley  straw,  20  percent 

Alumina  B,  90  percent 

Barley  straw,  10  percent 

Alumina  B,  80  percent 

Barley  straw,  20  percent 

Silica,  90  percent 

Barley  straw,  10  percent 

Silica,  80  percent 

Barley  straw,  20  percent 

Cecil  soil,  90  percent. 

Barley  straw,  10  percent 

Cecil  soil,  80  percent-. 

Barley  straw,  20  percent 


Percent 
11.89 
.99 
2.50 
18.32 
11.99 
4.18 

12.23 
9.25 
3.97 
4.49 
17.69 
16.82 
4.71 
6.04 


Percent 


Percent 


Percent 


11.90 
11.99 
3.45 
4.40 
17.68 
17.05 
4.96 
6.74 


+2.8 
-22.9 
+15.1 

+2.0 
.0 

-1.3 

-6.0 
-13.9 


(•) 


16.3 

17.2 
12.5 
12.0 
iO.8 
9.6 
8.6 


Absorption  by  inorganic  colloid  is  assumed  constant. 


» None. 


Included  in  this  study  also  was  a  sample  of  silicic  acid  prepared 
from  sodium  silicate  and  hydrochloric  acid  and  purified  in  a  manner 
similar  to  that  used  in  the  preparation  of  the  hydroxides  of  iron  a.nd 
of  aluminum,  except  that  in  the  case  of  silica  the  material  was  dried 
on  a  moderate  steam  bath  once  before  purification  was  complete. 
Removal  of  electrolytes  from  the  highly  dispersed  silica  was  so  slow 
as  to  make  it  impractical  to  complete  purification  of  a  considerable 
quantity  without  drying. 

Several  problems  arose  in  connection  with  the  determination  of  the 
ammonia  absorbed  by  these  materials.  There  is  no  difficulty  in  the 
determination  with  alumina  alone  as  an  absorbent.  Samples  of  dif- 
ferent weights,  dried  in  different  w^ays,  all  showed  zero  or  very  small 
values.  In  the  case  of  ferric  hydroxide  difficulty  in  securing  duplicate 
results  was  encountered  when  the  eariier  procedure  of  drying  was  used, 
that  is,  a  single  drying  on  the  steam  bath.  The  ferric  hydroxide  held 
tenaciously  to  very  significant  quantities  of  ammonia,  whether  dried 
on  the  steam  bath,  in  the  oven  at  80°  C,  or  in  the  oven  at  105°.  The 
values  for  the  iron  compounds  alone  varied  from  zero  to  as  much  as 
250  milliequivalents  per  gram.  However,  it  was  found  that  by  drying 
the  substance  for  5  hours  at  75°,  then  again  moistening  with  am- 
monia and  repeating  the  drying  process,  the  results  w^ere  consistently 
near  zero.  It  is  not  clear  whether  ammonia  was  held  by  the  water 
content  of  the  ferric  hydroxide,  whether  an  ammonium  compound  of 
a  fair  degree  of  stability  was  formed,  or  whether  some  other  form  of 
absorption  was  responsible  for  the  behavior  of  the  ferric  hydroxide  in 
a  manner  very  different  from  that  of  alumina. 

Silicic  acid  presents  the  same  type  of  experiment al  difficulties  as  the 
ferric  hydroxide  as  regards  the  ammonia  held,  but  no  standard  ccndi- 
tions  of  drying  have  been  found  which  will  give  satisfactory  results 
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with  this  material  and  at  the  same  time  not  be  too  drastic  for  other 
colloids  which  might  be  mixed  with  the  silica.  Determination  of 
ammonia  absorption  for  silica  alone  varied  from  0.024  to  0.206  milli- 
equivalent,  and  the  results  were  not  reliable  for  any  set  of  conditions. 
A  preliminary  experiment  with  silica  and  organic  colloid  gave  the  same 
type  of  erratic  results,  and  no  attempt  was  made  to  carry  further  a 
study  of  the  possible  reaction  between  organic  matter  and  colloidal 
silica  by  ammonia  absorption.  The  indications  were  that  varying 
degrees  of  dehydration  gave  forms  of  silicic  acid  varying  in  strength, 
in  accessibility  to  reaction,  and  in  stability  of  the  ammonium  salt. 
The  ammonia  absorption  by  mixtures  of  alumina  and  organic  matter 
are  given  in  table  9  and  mixtures  of  ferric  hydroxide  and  organic 
matter  in  table  10. 

From  65  percent  to  nearly  the  entire  ammonia-absorbing  power  of 
two  kinds  of  organic  matter  were  destroyed  by  mixing  with  alumina 
in  varying  proportions.  This  is  not  surprising  in  view  of  the  fact  that 
an  excess  of  hydroxyl  ions  are  shown  by  the  purified  alumina.  The 
pH  values  of  this  material  vary  but  are  ordinarily  found  to  lie  within 
the  range  7.7  to  8.2,  averaging  about  8.1. 

It  is  of  course  not  possible  on  this  basis  to  predict  with  any  cer- 
tainty the  extent  to  which  a  colloidal  acid  would  react  with  a  colloidal 
base  of  this  kind  in  view  of  the  very  low  solubilities  involved.  Nor 
is  it  possible  to  predict  the  manner  or  extent  to  which  the  surface  of 
either  of  these  might  be  rendered  inactive  by  one  of  them  covering 
the  other.  In  line  with  this  consideration  the  pH  values  of  ferric 
hydroxide  suspensions  determined  here,  and  also  those  given  by  Matt- 
son  (20),  range  from  about  6.8  to  7.2.  In  this  respect  they  cannot 
be  regarded  as  furnishing  any  significant  excess  of  hydroxyl  ions. 
The  results  are  consistent  with  what  might  be  expected  from  mixing 
a  neutral  colloidal  material  with  an  acid  one;  that  is,  no  significant 
reduction  of  the  ammonia-absorbing  power  of  the  organic  colloid  took 
place.  A  considerable  number  of  determinations  with  organic  matter 
and  ferric  hydroxide  were  made  which  are  not  included  here  because 
of  the  erratic  results.  However,  it  is  felt  that  the  last  results  obtained 
(those  when  the  conditions  of  drying  and  other  procedure  mentioned 
on  page  15  were  closely  followed)  are  sufficiently  accurate  to  justify 
the  conclusion  that  there  is  very  little  or  no  interaction  between  ferric 
hydroxide  and  acid  colloidal  organic  matter  and  that  compounds,  if 
formed,  are  relatively  unstable.  It  is  perhaps  not  safe  to  offer  this 
conclusion  without  some  reservations,  for  it  is  true  that  in  some  cases 
the  drop  in  ammonia  absorption  resulting  from  mixing  is  distinctly 
greater  than  when  organic  mixtures  are  made  with  quartz  flour. 
However,  the  porosity  of  the  ferric  hydroxide  may  be  much  greater  and 
this  may  be  a  factor  in  making  the  difference.  It  must  be  con- 
sidered also  that  the  work  of  Burk  and  associates  (6,  7)  indicates  the 
presence  of  a  compound  formed  between  humic  acid,  apparently  in 
true  solution,  and  the  ferric  ion  when  mixtures  are  made  with  ferric 
sulphate  in  solution.     Their  solutions,  however,  were  very  acid. 

A  further  link  in  the  chain  of  evidence  that  ferric  compounds  of 
colloidal  humic  acids,  if  formed,  are  very  unstable  was  obtained  by 
electrometric  titration  of  a  sample  of  colloidal  humic  acid  alone  and  a 
duplicate  sample  mixed  with  ferric  hydrate  2  days  previous  to  the 
addition  of  sodium  hydroxide.  The  humic  acid  used  was  the  elec- 
trodialyzed  fraction  of  material  extracted  by  ammonium  hydroxide 
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from  Trenary  soil,  a  part  of  the  sample  described  in  table  14.  The 
humic  acid  alone  gave  a  titration  value,  at  pH  7.0,  of  0.99  milli- 
equivalent  of  Na  per  gram  of  colloid.  Equilibrium  was  reached  in 
less  than  30  minutes  and  remained  practically  unchanged  on  stand- 
ing over  night.  When  the  same  weight  of  humic  acid  was  used  in  a 
nuxture  containing  27.6  percent  humic  acid  and  72.4  percent  ferric 
hydroxide,  a  pseudoequilibrium  was  reached  at  the  end  of  an  hour  in  the 
electrometric  titration,  at  which  time  the  NaOH  used  was  0.67  milli- 
equivalent  per  gram  of  organic  matter.  The  next  day  the  pH  value 
had  receded  to  5.6  and  a  total  of  0.97  milliequivalent  of  NaOH  was 
necessary  to  attain  a  true  permanent  approximate  equilibrium  at  pH 
7.0.  In  other  words,  the  presence  of  ferric  hydroxide  had  no  permanent 
effect  upon  the  titration  value  of  the  humic  acid. 

WATER-VAPOR  ABSORPTION  BY  SYNTHETIC  GEL  MIXTURES  WITH  ORGANIC 

COLLOIDS 

The  absorption  of  water  vapor  over  30  percent  sulphuric  acid  was 
determined  upon  samples  from  the  mixtures  used  in  the  study  of  the 
ammonia  absorption  shown  above.  The  water-vapor  absorption 
results  are  given  in  table  11. 

It  is  evident  that  water-vapor  absorDtion  is  a  very  poor  criterion  of 
chemical  interaction  in  the  case  of  c rganic  colloids  and  synthetic  gels, 
partly  because  the  gels  alone  show  such  wide  variation  in  absorption, 
depending  upon  method  of  preparation  and  manner  of  drying.  The 
two  samples  of  alumina  whose  water-vapor  absorption  is  shown  in 
table  11  were  prepared  in  like  manner  except  that  sample  no.  1  was 
air-dried  before  electrodialysis  and  had  stood  for  several  months, 
while  sample  no.  2  was  kept  in  a  creamy  condition  until  drying  just 
before  the  absorption  determination  was  made.  Other  fractions  of  the 
silica  preparation  also  showed  considerable  variation  not  given  in  the 
table  and  the  presumption  is  that  ferric  hydroxide  would  likewise  vary. 
The  irregularities  of  this  class  of  data  are  in  line  with  the  varying 
physical  character  which  may  occur  where  mixed  gel  materials  are 
coagulated  together. 

REACTIONS  OF  ORGANIC  COLLOmS  WITH  FERROUS  HYDROXIDE 

Since  alumina  apparently  reacted  much  more  markedly  with  acid 
colloidal  organic  matter  than  did  ferric  hydroxide,  it  seemed  of 
interest  to  determine  whether  or  not  the  more  soluble  and  stronger 
base,  ferrous  hydroxide,  would  be  even  more  reactive  than  alumina. 
If  so,  this  reaction  would  be  of  importance  in  interpreting  certain 
soil-development  processes. 

Two  independent  preparations  of  ferrous  hydroxide  were  made  by 
the  same  procedure.  Ferrous  ammonium  sulphate  solution  was 
placed  in  the  middle  chamber  of  a  Bradfield  type  electrodialysis  cell. 
This  was  kept  in  an  atmosphere  of  hydrogen  while  ammonia  was 
introduced  to  precipitate  ferrous  hydroxide  and  the  ammonium 
and  sulphate  ions  were  removed  by  electrodialysis.  Several  days 
were  required  to  purify  this  material.  In  the  process  a  considerable 
quantity  of  the  iron  was  lost  by  passage  through  the  cellophane 
membranes.  The  exclusion  of  oxygen  was  not  perfect,  hence  a  very 
small  amount  of  oxidation  took  place.  In  order  to  carry  out  the 
absorption  determination,  a  portion  of  the  ferrous  hydroxide  was 
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forced  over  by  hydrogen  pressure  into  an  iron  reduction  flask  contain- 
ing a  definite  quantity  of  dispersed  organic  colloid.  After  thorough 
mixing,  ammonia  was  introduced  and  a  flow  of  hydrogen  continued 
until  the  flask  reached  constant  weight  on  a  steam  bath.  From  this 
weight  the  quantity  of  ferrous  hydroxide  introduced  was  calculated. 
The  contents  of  the  flask  were  then  distilled  with  magnesia  in  the 
usual  way.  The  results  contrasted  so  markedly  with  those  of  ferric 
iron  that  an  attempt  w  as  made  to  see  if  the  mere  process  of  oxidation 
would  restore  the  ammonia-absorbing  power  of  the  organic  colloid 
after  the  mixture  with  ferrous  iron.  Samples  were  therefore  prepared 
in  the  manner  previously  described,  but  before  distilling  200  cm^  of 
water  were  added  and  air  bubbled  through  until  the  contents  were 
dried  on  the  steam  bath  under  conditions  similar  to  those  used  before 
oxidation.     The  results  are  given  in  table  12. 

Table  12. — Ammonia  held  by  organic  colloids,  Jerrous  hydroxide,  and  by  mixtures 


Kind  of  colloid  and  percent- 
age   of   ferrous    hydroxide 
used 

Ammonia 
absorbed 

per 
gram  of 
colloid 

Calcu- 
lated 
absorp- 
tion of 
mixture 
assum- 
ing con- 
stituents 

un- 
changed 

Kind  of  colloid  and  percent- 
age   of   ferrous    hydroxide 
used 

Ammonia 
absorbed 

per 
gram  of 
colloid 

Calcu- 
lated 
absorp- 
tion of 
mixture 
assum- 
ing con- 
stituents 

un- 
changed 

Milli- 

eguiva- 

lents 

0) 

0) 

1.000 

1.085 

•      (0 
.013 
.072 

Mini- 
equiva- 
lents 

Oak  wood,  16.6  percent,  after 
oxidation 

Milli- 

equiva- 

lents 

0. 336 
.027 
.103 

Milli- 

equiva- 

lents 

Do  ' 

Ferrous  hydroxide,  83.4  per- 

0. 16C 

Oak  wood                         

Barley  straw,  13.1  percent 

Ferrous  hydroxide,  86.9  per- 
cent                      -         .  -- 

0.131 
.207 
.829 

Oak  wood,  11.9  percent 

Ferrous  hydroxide,  88.1  per- 
cent      - 

.119 

Barley  straw.  20.7  percent 

Oak  wood,  11.9  percent,  after 

cent 

Ferrous  hydroxide,  88.1  per- 
cent, after  oxidation 

.119 

Oak  wood,  76.4  percent 

Ferrous  hydroxide,  23.6  per- 
cent   

1  None. 

*  Duplicate  determination  with  a  fresh  preparation  of  material. 


8  Trace. 

*  Special  preparation. 


The  ammonia  results  strongly  indicate  a  reaction  between  the 
colloidal  organic  matter  and  ferrous  hydroxide.  This  is  not  sur- 
prising in  view  of  the  very  appreciable  solubility  of  ferrous  hydroxide 
and  its  alkaline  reaction.  No  attempt  was  made  to  determine 
definitely  the  pH  values  of  the  ferrous  hydroxide  suspensions  but 
qualitatively  they  were  distinctly  more  alkaline  than  those  of  either 
alumina  or  ferric  hydroxide.  It  would  seem  that  the  colloidal 
organic  acid  reacted  with  the  ferrous  hydroxide  to  form  a  more  or 
less  definite  type  of  complex  whose  reaction  approximated  neutrality 
or  at  least  was  not  sufficiently  acid  to  hold  significant  quantities  of 
ammonia  until  the  proportions  of  organic  matter  to  ferrous  hydroxide 
became  very  large.  On  oxidation  the  ferric  salt,  containing  a  much 
weaker  base  than  the  ferrous  one,  was  formed  and,  by  hydrolysis, 
there  was  a  strong  tendency  toward  the  formation  of  free  ferric 
hydroxide  and  the  original  type  of  colloidal  organic  acid.     While  the 
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ammonia  results  indicate  this  type  of  reaction,  it  must  be  kept  in  mind 
that  it  is  hardly  safe  to  ascribe  all  of  the  absorption  after  oxidation 
as  necessarily  coming  from  the  organic  acid,  for  it  is  very  difficult  by 
this  procedure  to  be  entirely  certain  that  some  part  of  it  might  not 
be  from  retention  of  the  ammonia  by  the  ferric  hydroxide.  However, 
the  magnitude  of  change  leaves  little  doubt  that  ferrous  salts  of  col- 
loidal matter  are  reasonably  stable  in  a  reducing  atmosphere  and 
that  the  ferric  salts  probably  split  and  deposit  iron  in  the  form  of 
hydrated  oxides. 

THE  ROLE  OF  ORGANIC  COLLOmS  IN  SOIL-PROFILE  FORMATION 

The  difference  in  the  behavior  of  ferrous  iron  and  that  of  the  ferric 
form  when  in  contact  with  acid  organic  material  appears  to  be  an 
important  factor  in  the  development  of  the  podzol  type  of  soil  pro- 
file. It  may  be  assumed  that  in  the  hydrolysis  of  silicate  minerals 
containing  ferrous  iron,  such  as  hornblende  and  many  others,  ferrous 
hydroxide  is  produced.  Under  high  humidity  the  decomposing 
organic  matter  is  debased  to  a  very  acid  condition.  The  humic  acid 
thus  formed  reacts  with  the  ferrous  hydroxide,  forming  a  compound 
which  is  carried  downward  either  in  solution  or  in  a  high  state  of 
dispersion  by  the  percolating  water.  This  salt,  while  being  subjected 
to  continued  oxidation  during  the  process  of  its  movement,  encounters 
less  acid  conditions  as  it  moves  downward  where  the  minerals  are 
less  decomposed.  The  ferrous  humate  is  then  precipitated,  hydro- 
lyzed,  and  oxidized  to  form  primarily  a  mixture  of  ferric  hydroxide 
and  humic  acid  characteristic  of  the  B  horizons  of  most  podzol 
profiles.  As  a  rule  the  percentage  of  organic  matter  is  relatively 
high  in  the  upper  part  of  the  B  horizon,  showing  a  tendency  for  a 
part  of  the  organic  portion  to  be  precipitated  more  easily  than  iron. 
However,  it  is  well  known  that  a  part  of  the  organic  matter  in  various 
types  of  soil  profiles  often  escapes  the  precipitating  influences  of 
oxidation,  filtration,  and  pH  changes,  and  is  carried  down  to  con- 
siderable depths  disseminating  itself  deep  in  the  C  horizon  material 
which  is  penetrated  little  or  not  at  all  by  plant  roots. 

Attention  has  been  called  previously  to  the  concentration  of  iron 
oxide  as  compared  to  aluminum  as  a  characteristic  feature  of  the 
podzolic  process  of  soil  development,  the  difference  usually  being 
very  pronounced  in  the  typical  podzol  profiles  (8).  The  reaction  of 
alumina  with  the  various  humic  acid  complexes  compared  with  the 
action  of  iron  compounds  with  these  indicates  the  probable  chemical 
basis  upon  which  these  profile  characteristics  depend.  Wliile  rather 
abrupt  changes  in  the  character  of  the  iron  compounds  take  place 
with  oxidation,  the  alumina  is  not  affected  by  this  factor,  changes  in 
alumina  depending  more  upon  changing  pH  values  and  the  filtering 
process  through  a  medium  of  varying  porosity. 

AMPHOTERIC  CHARACTER  OF  SOIL  ORGANIC  MATTER 

It  is  well  known  that  soil  organic  matter  gives  evidence  of  possessing 
a  strong  buffer  capacity.  Changes  in  the  pH  values  of  a  soil  upon 
additions  of  acid  or  alkali  are  usually  much  less  pronounced  where  a 
considerable  amount  of  normal  soil  organic  matter  is  present  than 
where  the  soil  consists  almost  entirely  of  inorganic  material  {10,  17) 
even  though  the  inorganic  portion  may  itself  be  well  buffered.     This, 
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of  course,  means  that  soil  organic  matter  reacts  to  some  extent  at 
least  as  a  base,  as  well  as  showing  its  predominating  acid  character. 

In  the  study  (p.  9)  of  the  organic  colloids  from  soils  and  from  soil- 
making  organic  materials  attention  has  been  directed  to  their  behavior 
as  weak  bases  as  well  as  their  more  familiar  reactions  as  moderately 
strong  but  only  slightly  soluble  complex  acids.  Studies  of  this  kind 
are  ordinarily  very  much  complicated  by  the  presence  of  the  soil 
which  is  itself  amphoteric,  and  its  amphoteric  character  is  known  to 
vary  widely  with  the  degree  to  which  the  original  minerals  have  under- 
gone hydrolytic  changes  (22,  2^)}  Methods  of  separating  organic 
colloids  from  the  inorganic  matter  with  any  considerable  degree  of 
completeness  without  drastic  treatment  has  not  been  satisfactorily 
accomplished.  In  the  present  studies  fractions  comprising  very  sub- 
stantial portions  of  the  organic  matter  of  certain  soils  have  been 
separated  in  widely  different  manners,  depending  to  a  considerable 
extent  upon  their  amphoteric  character,  and  these  fractions  studied 
and  compared. 

In  the  study  of  the  various  organic  colloids  many  observations  of  a 
preliminary  nature  have  contributed  to  the  procedure  of  fractionation 
finally  undertaken  in  detail.     Some  of  these  are  detailed  below. 

In  the  process  of  dialysis  of  neutral  or  alkaline  organic  soils  and  of 
decomposed  organic  residues  a  certain  amount  of  the  dark-colored 
organic  material  diffuses  through  such  semipermeable  membranes  as 
are  ordinarily  used.  This  of  course  gives  no  idea  as  to  the  chemical 
character  of  the  material  except  to  indicate  that  a  part  of  it  has  the 
character  of  a  sufficiently  simple  solution  to  pass  through  the  mem- 
branes. When  a  colloid  of  this  kind  is  placed  between  two  semi- 
permeable membranes  and  an  electric  current  passed  through,  as  in 
the  process  of  electro  dialysis,  additional  information  is  obtained.  It 
is  well  known  that  in  certain  stages,  at  least,  of  electrodialysis  con- 
siderable material  of  a  dark  color  passes  into  the  anode  chamber, 
together  with  other  anions.  The  presumption  is  that  this  material 
is  very  definitely  acidic.  In  the  cathode  chamber  there  is  very  little 
color,  provided  the  colloid  is  neutral  or  alkaline  at  the  beginning. 
Several  tests  showed,  however,  that  measurably  more  carbon  was 
present  in  the  cathode  chamber  when  organic  colloids  were  present 
than  when  a  current  was  passed  through  the  membranes  in  the 
absence  of  the  organic  colloid.  Tests  were  made  using  both  parch- 
ment and  parchment  paper,  each  of  which  gave  significant  quantities 
of  carbonaceous  material  passing  into  each  chamber  from  the  mem- 
branes alone.  This  work  was  done  before  the  use  of  cellophane' 
membranes  was  adopted. 

ACID  TREATMENT  OF  ORGANIC  SOIL  COLLOIDS 

Although  there  was  an  indication  of  some  organic  material  existing 
in  the  form  of  diffusible  cations,  there  was  no  evidence  from  the  elec- 
trodialysis experiments  with  untreated  organic  matter  to  indicate 
that  the  quantity  involved  was  any  significant  part  of  the  whole  of 
the  organic  matter. 

The  method  of  Rather  {SI)  for  the  determination  of  soil  organic 
matter  is  based  upon  the  decomposition  and  solution  of  the  hydrous 

*  BYER3,  H.  O.    THE  CHEMICAL  CONSTITUTION  OF  SOIL  COLLOIDS.    Amer.  Soil  Survey  Assoc.  Rpt.  Ann 
Meeting  13,  Bui.  14,  p.  47-52,  illus.     [Mimeographed.] 
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inorganic  matter  by  hydrofluoric  and  hydrochloric  acids,  each  of  a 
strength  of  0.5  percent,  while  the  accompanying  solution  of  organic 
matter  was  found  in  his  experiments  to  he  very  small.  In  the  work 
by  Alexander  and  Byers  (2),  who  used  a  5  percent  acid  solution,  the 
loss  of  organic  matter  by  solution  was  more  marked.  Nevertheless, 
it  seemed  desirable  to  determine  whether  or  not  a  fraction  of  organic 
colloid  practically  free  from  inorganic  material  could  be  prepared  by 
removal  of  inorganic  colloid  by  this  method. 

The  colloidal  materials  from  the  B  horizons  of  many  podzol  soils 
are  of  relatively  high  organic-matter  content,  therefore,  a  sample 
from  the  B  horizon  of  the  Becket  soil  scries  was  selected  on  which 
to  test  the  principle  of  Rather's  method  for  the  purpose  of  preparing 
a  fraction  of  organic  colloid  relatively  free  from  ash  constituents. 
An  acid  mixture  was  used  containing  2  percent  H2F2  and  2  percent 
HCl.  A  140-gram  sample  of  colloid  was  used  which  showed  an 
initial  loss  on  ignition  of  30.7  percent.  The  solution  turned  black 
immediately  when  the  acids  were  added.  After  treating  and  de- 
canting four  times,  the  loss  on  ignition  of  the  residue  was  38.4  per- 
cent. After  9  washings,  the  last  3  of  which  were  digested  on  a  steam 
bath,  there  was  a  residue  of  only  about  10  ^ranis.  Approximately  2 
grams  had  been  previously  removed  for  intermediate  tests.  The 
loss  on  ignition  of  the  final  residue  was  82.2  percent. 

Wabash  soil  colloid,  a  subsample  of  the  material  described  in  a 
former  publication  {33)  was  treated  once  with  about  100  times  its 
weight  of  the  acid  mixture  described  above.  The  residue  showed  a 
loss  on  ignition  of  63  percent  compared  with  about  12  percent  for  the 
untreated  material. 

These  preliminary  qualitative  experiments  indicate  a  very  consider- 
able solubility  of  the  colloidally  dispersed  organic  materials.  They 
show  that  in  the  case  of  the  podzol  soil,  in  particular,  the  solution  of 
organic  matter  in  acids  is  too  great  to  make  practical  the  removal  of 
the  inorganic  portion  by  the  procedure  used.  There  is  indication, 
however,  that  strong  acids,  such  as  hydrochloric  acid,  in  moderate 
concentration  are  capable  of  dissolving  very  considerable  quantities 
of  organic  colloids,  presumably  in  the  form  of  chlorides  of  complex 
organic  cations. 

HYDROCHLORIC  ACID  EXTRACT 

In  order  to  test  further  the  acid  solubility  of  soil  organic  matter, 
Becket  soil  was  extracted  with  2  percent  hydrochloric  acid  and  the 
extract  dialyzed  between  cellophane  membranes  for  several  days  with 
frequent  removal  of  the  dialysates.  In  a  short  time  a  precipitate 
was  formed  which  increased  in  quantity  as  the  acid  concentration  was 
reduced.  Finally  the  partly  dialyzed  material  was  subjected  to 
elec trod ialy sis.  A  dark-colored  dialysate  appeared  very  quickly  in 
the  cathode  chamber  of  the  dialyzer  while  one  of  lesser  color  appeared 
in  the  anode.  As  the  process  continued  the  color  of  cathode  dialy- 
sates became  less  intense  and  thoee  at  the  anode  became  colored 
more  nearly  as  those  from  untreated  materials.  When  freed  from 
chlorine  ions  the  elec trodialy zed  material  was  subjected  to  chemical 
examination,  together  with  other  samples  which  will  be  described 
later. 
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SULPHUROUS  ACID  EXTRACT 

Most  of  the  strong  mineral  acids,  while  dissolving  large  quantities 
of  organic  matter,  are  nonvolatile  except  when  highly  concentrated. 
It  is,  therefore,  necessary  to  remove  the  excess  of  acid  by  dialysis  in 
which  case  large  quantities  of  organic  material  dialyze  through  the 
membranes.  In  order  partly  to  overcome  these  difficulties  extraction 
was  made  with  saturated  solutions  of  sulphur  dioxide,  which  forms  a 
fairly  strong  acid  readily  decomposed  by  heat  without  concentration 
at  any  time.  When  sulphur  dioxide  was  bubbled  into  a  suspension 
of  the  Becket  soil  the  solution  turned  dark  in  a  short  time.  The 
clear  extract,  after  filtration,  gave  a  copious  brown  precipitate  on 
boiling.  This  precipitate,  after  electrodialysis,  had  an  ash  content 
of  from  15  to  25  percent,  varying  considerably  with  the  time  and 
extent  of  extraction.  The  amount  of  material  removable  in  this 
manner  is  very  considerable.  It  seemed  desirable,  therefore,  to 
prepare  fractions  by  solution  in  this  reagent  and  compare  the  com- 
position and  properties  of  such  fractions  with  fractions  extracted  in  a 
conventional  manner  by  ammonia.  Fractions  were  prepared  in  like 
manner  from  different  soils  in  order  to  see  what  indication  could  be 
found  of  similarities  and  differences  in  the  character  of  organic  matter 
in  different  soils. 

FRACTIONATION  OF  SOIL  ORGANIC  MATTER 

On  the  basis  of  information  obtained  from  the  preliminary  experi- 
ments four  fractions  of  organic  matter  were  extracted  from  each  of 
three  soils.  Details  of  the  procedure  follow:  Samples  of  500  or  750 
grams  each  of  soil  were  extracted  with  a  total  of  about  8  to  10  liters 
of  saturated  sulphur-dioxide  solution,  allowing  each  liter  portion  to 
stand  in  contact  with  the  soil  several  hours.  The  treatment  used  did 
not  remove  all  of  the  organic  matter  extractable  by  the  reagent,  but 
the  extraction  reached  a  point  where  the  amount  removed  was  small 
and  the  inorganic  matter  was  dissolved  at  a  much  greater  rate  com- 
pared to  the  organic  than  at  first.  Further  extraction  would  have 
served  to  progressively  increase  the  ash  content  of  the  fraction.  After 
each  extraction  the  liquid  was  filtered  through  Pasteur-Chamberland 
filters  and  the  clear  solution  evaporated  by  boiling  to  about  one  third 
the  original  volume.  The  precipitate  which  formed  was  allowed  to 
settle  several  hours  after  cooling.  The  clear  supernatent  liquid  was 
then  decanted  and  the  residue  further  separated  from  the  mother 
liquor  by  washing  in  a  bottle  centrifuge.  The  sludge  recovered  was 
then  electrodialyzed  several  days. 

The  soil  residue  after  the  sulphur-dioxide  treatment  was  washed 
several  times  with  small  quantities  of  water  and  the  washings  included 
with  the  material  described  above.  The  soil  residue  was  then  ex- 
tracted with  2  percent  ammonia,  and  the  extraction  continued  until 
8  to  10  liters  of  clear  filtrate  were  obtained.  The  washings  were  very 
dark  at  first,  but  the  color  was  greatly  diminished  at  the  end  of  the 
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washing.  There  is  no  definite  end  point  to  such  washing.  However, 
very  little  residue  was  obtained  from  the  evaporation  of  the  last 
portions  of  the  leachings.  The  whole  of  this  filtrate  was  evaporated 
to  dryness  before  being  subjected  to  electrodialysis. 

A  second  set  of  extractions  was  made  in  the  same  manner  as  the 
first  except  in  reverse  order;  that  is,  extraction  was  made  first  with  2 
percent  ammonia  followed  by  sulphurous  acid.  The  filtrates  were 
treated  as  described  above. 

The  three  soils  used  in  this  investigation  included  the  B2  horizon  of 
the  Becket  loam  from  Massachusetts;  This  is  a  typical  podzol 
having  no  hardpan  but  a  large  accumulation  of  organic  matter  in  this 
layer.     This  profile  was  described  in  detail  in  a  previous  publication 

U). 

The  Trenary  fine  sandy  loam  from  Alger  County,  Mich.,  is  also  a 
typical  podzol.  The  B  horizon  which  was  used  formed  an  indurated 
hardpan.  Complete  chemical  data  for  this  profile  have  not  yet  been 
published  by  this  division. 

The  other  sample  was  the  surface  horizon  of  Carrington  loam  from 
Buchanan  County,  Iowa.     This  is  a  typical  prairie  soil. 

CHEMICAL  CHARACTER  OF  EXTRACTED  MATERIALS 

Some  of  the  fractions  were  small  and  only  a  limited  number  of 
chemical  determinations  could  be  made  with  the  material  available. 
However,  so  far  as  possible,  the  following  determinations  were 
made:  Hydrogen-ion  concentration,  ash,  ammonia  absorption, 
total  carbon,  sulphur,  and  nitrogen,  and,  in  two  cases,  hydrogen  was 
also  determined. 

The  carbon  content  of  the  soil  residues,  after  the  various  extrac- 
tions, are  given  in  table  13,  and  the  chemical  data  for  the  various 
extracts  in  table  14. 

Table  13. — Carbon  content  of  soils  and  soil  residues 


Sofl 


Treatment 


Carbon 

content  of 

soil  and 

residue 


Part  of 

original 

carbon 

removed  • 


Becket  loam,  Bj  horl- 


Carrlngton     loam,     A 
horizon. 


Trenary     fine     sandy 
loam,  B  horizon. 


Untreated 

Extracted  with  NH4OH  only 

Extracted  with  SOj  followed  by  NH4OH 
Extracted  with  NHiGH  followed  by  SOj 
Extracted  with  SOi  only 

TJ  rj  t  rpo  t  ftd 

Extracted  "with  NHiOH  only.".'.' "'.'"." 
Extracted  with  SO2  followed  by  NH4OH 
Extracted  with  NH4OH  followed  by  SOi 

Extracted  with  SOj  only , 

Untreated 

Extracted  with  NH4OH  only 

Extracted  with  SOi  followed  by  NH4OH 
Extracted  with  NH4OH  followed  by  SOi 
Extracted  with  SOj  only 


Percent 
2.61 


,88 


Percent 


1.00 

61.7 

.10 

80.8 

.59 

77.4 

1.06 

59.4 

3.21 

2.84 

11.  a 

1.53 

52.3 

2.43 

24.3 

2.21 

31.2 

1.64 

68.3 
74.4 
64.0 
46.3 


>  Calculations  are  not  corrected  for  the  small  change  in  sample  weight  due  to  the  part  removed   by 
extraction. 
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Table  14. — Organic  fractions  extracted  from  soils  by  SO2  and  by  NH4OH 


Sofl 

Treatment 

PH 

after 
elec- 
tro- 
dial- 
ysis 

Ash 

Part 

of 

whole 

soil 

Am- 
monia 

ab- 
sorbed 
per 
gram 
of  ma- 
terial 

Total 
car- 
bon 

Car- 
bon 
on 
ash- 
free 
basis 

Total 
hy- 
dro- 
gen 

SO3 

Becket  loam,  B2 
horizon. 

Carrington 
loam,  A  hor- 

[Extracted  with  NH4OH  only 

Extracted  with  SO2  after  NH4OH. 

^Extracted  with  SO2  only 

Extracted  with  NH4OH  after  SO2 

lExtracted  with  HCl 

(Extracted  with  NH4OH  only 

lExtracted  with  SO2  after  NH4OH. 
Extracted  with  SO2  only 

pH 
3.2 

N.D. 
4.0 

2.8 

""2."9 
7.0 
5.3 
2.9 
2.7 
5.2 

Per- 
cent 
21.48 
42.64 
17.55 
10.85 
31.  30 
16.43 
23.81 
53.17 
14.40 
24.87 
57.90 
30.01 
26.90 

Per- 
cent 
4.8 
.6 
2.8 
1.6 

"'"i.i 

1.1 
1.3 
1.0 
3.1 
1.0 
2.8 
2.3 

Milli- 
equiv- 
alents 
1.857 
1.233 
2.765 
2.478 
2.870 
2.212 
.815 
.750 

"2."  650 
1.210 
2.318 

Per- 
cent 
35.46 
18.82 
'35.68 
1 43. 10 
1 40.  26 
37.19 
37.67 
11. 16 
28.22 
33.47 
13.00 
26.60 
33.91 

Per- 
cent 
45.16 
32.81 
43.27 
48.01 
58.06 
44.50 
49.31 
23.83 
32.97 
44.55 
30.88 
38.00 
46.39 

Per- 
cent 
4.04 
3.06 
13.34 
14.65 
13.45 

"3.' 19 
3.66 
3.01 
3.08 

Per- 
cent 
0.59 
6.31 
2.88 
2.00 

"Tio 

5.28 
4  15 

Trenary    fine 
sandy    loam, 
B  horizon. 

lExtracted  with  NH4OH  after  SO2- 

Extracted  with  NH4OH  only 

Extracted  with  SO2  after  NH4OH. 

'  Extracted  with  SO2  only 

1.93 

.74 
6.47 
4  55 

Extracted  with  NH4OH  after  SO2- 

3.41 

lAnalyses  by  Joseph  R.  Spies,  Insecticide  Division,  Bureau  of  Chemistry  and  Soils. 

Large  quantities  of  organic  matter  were  extracted  from  each  soil 
by  sulphur-dioxide  solution  and  by  ammonia.  The  behavior  of  the 
two  classes  of  soils  was  distinctly  different  with  respect  to  the  two 
solvents.  Taking  the  reduction  of  carbon  content  of  the  soil  residues 
as  a  measure  of  the  amount  of  organic  matter  removed,  interesting 
comparisons  may  be  made. 

In  the  case  of  the  podzol  soils  about  the  same  amount  of  organic 
matter  was  extracted  by  sulphur  dioxide  as  by  ammonia,  about  60 
percent  of  the  total  in  each  case.  The  organic  matter  of  the  Carring- 
ton soil  reacted  toward  the  solvents  in  a  very  different  manner. 
Ammonia  alone  removed  only  about  12  percent  of  the  carbon,  while 
sulphur  dioxide  alone  took  out  over  30  percent.  In  each  case  these 
values  are  very  much  lower  than  for  comparable  treatments  of  the 
Becket  soil  and  distinctly  lower  than  those  of  the  Trenary  soil.  It 
is  not  surprising  that  the  organic  matter  of  the  Carrington  soil  should 
be  of  relatively  low  solubility  in  ammonia  on  account  of  the  fact  that 
it  is  nearly  neutral  soil,  presumably  containing  much  of  the  organic 
matter  in  the  form  of  calcium  humate  while  the  Becket,  as  well  as 
podzols  in  general,  contains  strongly  acid  humus.  The  marked 
mcrease  in  the  amount  of  organic  matter  removed  by  ammonia  when 
this  treatment  was  preceded  by  extraction  with  sulphur  dioxide  in 
the  case  of  the  Carrington  soil  is  further  evidence  of  the  influence  of 
bases  upon  the  solution  of  humus  by  ammonia.  Aside  from  differ- 
ences which  undoubtedly  exist  in  the  base  content  there  is  evidence 
of  greater  solubility  of  the  organic  fraction  of  the  Becket  soil  than  of 
the  Carrington.  The  evidence  of  difference  is  indicated  by  the  soil 
residues  as  well  as  by  the  extracted  organic  fractions  as  shown  in 
table  13. 

It  should  be  pointed  out  that  these  fractions  obtained  by  extraction 
are  not  sharply  defined.  It  is  not  practical  to  continue  extraction 
with  sulphurous  acid  until  no  color  is  imparted  to  the  solution  and 
no  precipitate  obtained  on  boiling.  The  indefinite  line  of  demarca- 
tion between  the  soluble  and  the  insoluble  organic  matter  by   this 
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solvent  is  further  complicated  by  the  very  considerable  amount  of 
sesquioxides  brought  into  solution  after  long  extraction.  The  quan- 
tities of  these  are  such  as  to  make  the  ash  content  of  the  extracted 
material  too  high  to  be  of  much  value  for  satisfactory  organic  studies.* 
Extraction  with  ammonia  is  also  a  time-consuming  process  if  con- 
tinued until  a  dark  color  disappears.  In  either  case  judgment  must 
be  used,  and  the  results  given  are  for  materials  extracted  in  a  manner 
as  nearly  comparable  as  seemed  practical  to  undertake. 

The  organic  fractions  studied  do  not,  of  course,  contain  all  of  the 
material  extracted  from  the  soil,  for  a  part  of  it  was  lost  by  solution 
in  the  processes  of  dialysis  and  electrodialysis,  and  the  part  extracted 
by  sulphur  dioxide  and  not  precipitated  by  boiling  is  not  included. 
It  seems  highly  probable  also  that  a  part  of  the  material  extractable 
by  sulphur  aioxide  would  also  be  extractable  by  ammonium  hydroxide 
if  not  previously  removed.  Likewise,  a  part  of  that  removed  by 
ammonia  would,  if  present  in  the  soil,  have  been  removed  by  sulphur 
dioxide. 

The  organic  material  extracted  by  hydrochloric  acid  from  Becket 
loam  has  a  much  higher  carbon  content,  calculated  on  an  ash-free 
basis,  than  any  of  the  other  organic  fractions.  The  value  of  58.6 
percent  is  much  higher  than  the  mean  of  values  obtained  in  these 
experiments  and  elsewhere  but  is  still  considerably  below  the  maxi- 
mum reported  for  soil  organic  matter  and  is  well  within  the  range  of 
values  which  might  be  expected  from  carbonaceous  compounds  with- 
out suspicion  of  the  presence  of  charcoal.  The  presence  of  the 
latter  was  of  course  practically  excluded  in  these  cases  by  the  fact  that 
the  extracts  were  all  passed  through  Pasteur-Chamberland  filters. 
Furthermore,  the  carbon  content  is  almost  identical  with  the  carbon 
content  of  the  theoretical  compound  suggested  by  OdoT)  as  the 
principal  constituent  of  humic  acid 


AMMONIUM    HYDROXIDE    EXTRACT 

The  organic  colloids  extracted  by  ammonia  from  each  of  the  three 
soils  show  remarkable  similarity  in  carbon  content;  in  fact,  the  carbon 
contents  calculated  on  an  ash-free  basis  are  practically  identical. 
The  values  lie  within  the  range  of  carbon  contents  given  by  Cameron 
and  Breazeale  (9)  for  extracted  humus.  It  is  not  surprising  that  the 
ammonia  extracts  have  a  fair  degree  of  constancy  of  composition. 
This  material  includes  the  so-called  humic  acids,  concerning  which  so 
much  has  been  written.  While  these  acids  are  generally  assumed  to  be 
made  up  of  more  than  one  compound  they  are,  for  the  most  part, 
regarded  as  consisting  of  closely  related  compounds.  Perhaps  more 
information  is  available  concerning  this  group  of  compounds  than 
any  of  the  other  soil  organic  material.  Presumably  the  so-called 
humus  nucleus  described  by  Waksman  {36 j  37)  would  be  included  in 
this  material. 

SULPHUROUS    ACID    EXTRACT 

The  material  extracted  by  sulphur  dioxide  presents  some  striking 
contrasts  with  that  obtained  by  ammonium  nydroxide.  The  frac- 
tions are  in  each  case  of  distinctly  lower  carbon  content  than  the 

*  The  ash  content  could  no  doubt  be  ereatly  lowered  if  this  material  were  further  fractionated  by  solution 
In  alkali  and  reprecipitation  by  hydrochloric  acid  in  accordance  with  conventional  procedure  for  the  prepa- 
ration of  bumus.  For  the  present,  however,  if  was  not  considered  desirable  to  subject  the  material  to  tMse 
additional  transformations. 
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materials  extracted  by  ammonia  from  the  corresponding  soils.  This 
difference  is  least  pronounced  in  the  Becket  and  most  pronounced 
in  the  Carrington.  The  fact  that  the  two  soils  are  different  in  this 
respect  is  not  particularly  surprising  in  view  of  the  difference  in  the 
location  of  the  organic  matter  with  respect  to  horizons.  In  the  B 
horizon  of  the  podzols  the  bulk  of  the  organic  matter  has  undoubtedly 
been  transported  there  from  the  overlying  material.  The  probable 
mechanism  of  this  shifting  has  been  previously  discussed  (p.  19).  In 
this  shifting  there  appears  to  have  been  considerable  selection  of 
material — that  is,  a  partial  fractionation  tending  in  the  direction 
of  uniformity  of  transferred  material.  Although  the  carbon  content  of 
this  transferred  material  tends  in  the  direction  of  uniformity,  very 
considerable  differences  in  the  different  fractions  occur.  In  the 
Carrington  surface  soil,  where  fractionation  has  presumably  been 
but  little  operative  under  natural  conditions,  most  striking  differences 
in  composition  by  laboratory  fractionation  are  shown. 

Read  and  Ridgell  (32)  found  a  mean  value  of  49.26  percent  for  the 
carbon  content  of  a  large  group  of  soils,  while  their  corresponding 
subsoils  had  a  mean  value  of  only  39.16  percent  carbon.  This 
fractionation  which  gives  rise  to  differences  in  carbon  content  doubt- 
less leads  also  to  the  differences  in  carbon-nitrogen  ratio  which  are 
often  found  in  most  soil  profiles.     (18) 

Extraction  with  hydrochloric  acid,  as  well  as  with  bases,  indicates 
that  a  portion  of  the  soil  organic  matter  is  of  amphoteric  character. 
Therefore,  sulphurous  acid  might  be  expected  to  effect  solution  because 
of  its  hydrogen-ion  concentration  and  because  this  material  is  soluble 
in  acids.  Sulphurous  acid  might  then  be  expected  to  react  in  a  simi- 
lar manner.  On  the  other  hand,  sulphurous  acid  offers  opportunity 
for  reactions  aside  from  the  ordinary  amphoteric  behavior.  If  the 
soil  organic  material  consists  largely  of  Ugnin,  or  of  compounds 
closely  related  to  Hgnin,  as  certain  information  indicates  {19,  25),  it 
seems  probable  that  reactions  of  the  type  occurring  between  wood 
and  calcium  sulphite  might  result.  There  is  some  evidence  that  such 
is  the  case. 

Qualitative  observations  on  the  behavior  of  the  material  extracted 
by  sulphur  dioxide  indicated  the  presence  of  sulphur  in  a  form  different 
from  that  of  simple  sulphites  or  sulphates,  both  of  which  were  probably 
also  present.  In  the  process  of  electrodialysis  simple  salts,  even  those 
of  fairly  low  solubility,  are  usually  removed  in  3  to  4  days.  The 
materials  extracted  by  sulphur  dioxide  behaved  very  differently, 
however.  The  titrable  bases  were  removable  in  a  normal  manner  but 
the  anions  were  not.  After  several  days  very  appreciable  quantities 
of  sulphates  continued  to  pass  into  the  anode  chamber.  When 
electrodialysis  was  continued  for  a  period  of  8  days  with  one  sample 
the  quantities  passing  through  the  membrane  were  still  appreciable, 
indicating  no  practical  end  to  this  process. 

The  sulphur  contents  of  the  different  fractions  where  sulphur 
dioxide  was  involved  were  much  higher  than  those  extracted  by 
ammonia.  The  variations  between  the  different  samples  are  not 
capable  of  any  very  definite  interpretation  in  view  of  their  indefinite 
behavior  on  electrodialysis.  They  show,  however,  a  marked  tendency 
of  the  organic  matter  to  combine  with  sulphurous  acid. 

If  the  organic  substance  is  of  the  nature  of  lignin  (or  of  a  wide 
variety  of  other  substances  for  that  matter)   the  most  probable 
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type  of  compounds  formed  would  seem  to  be  the  sulphonic  acids. 
This  type  of  acid  should  be  saponified  by  calcium  hydroxide  and  the 
sulphur  present  in  the  form  of  sulphonic  acids  be  converted  to  sul- 
phate, which  would  be  more  readily  electrodialyzable. 

A  sample  of  the  fraction  extracted  by  sulphur  dioxide  from  the 
Becket  soil  was  adjusted  to  about  pH  7  with  calcium  hydroxide, 
boiled,  and  allowed  to  stand  several  hours,  then  filtered,  washed, 
and  electrodialyzed.  Calcium  and  sulphate  ions  were  both  rapidly 
removed.  After  24  hours  no  further  trace  of  sulphate  was  obtained 
on  further  elec  trodialysis.  A  sample  of  the  material  analyzed  for 
sulphur  at  this  point  showed  a  reduction  in  sulphur-trioxide  content 
from  2.88  percent  at  the  beginning  to  1.72  percent.  More  complete 
data  are  shown  in  table  15.  This  compound  was  further  treated  by 
adding  calcium  hydroxide  until  the  solution,  after  approximate 
equiUbrium  was  established,  was  distinctlv  alkaline  to  phenolphthalein. 
After  boiling  and  subsequent  electrodialysis  no  appreciable  sulphate 
was  found  in  the  anode  chamber  and  the  sulphur  content  of  the  elec- 
trodialyzed material  was  now  1.71  percent  sulphur  trioxide,  or  identi- 
cal within  the  limits  of  anlytical  error  with  that  produced  by  one 
alkaline  treatment.  The  resulting  compound  was  still  of  much 
higher  sulphur  content  than  the  organic  portion  of  the  colloid  as  a 
whole  extracted  from  this  soil  profile  and  described  in  a  previous 
bulletin  (4).  There  is  some  mdication,  therefore,  that  sulphur 
dioxide  is  instrumental  in  fixing  a  small  amount  of  sulphur  in  the 
organic  matter  in  a  stable  form.  This  is,  in  some  respects,  similar 
to  those  compounds  reported  by  Feustel  ®  as  being  formed  between 
peat  and  ammonia  under  pressure,  in  which  the  nitrogen  is  no  longer 
m  the  form  of  an  ammonium  compound.  The  data  at  hand  offer 
no  conclusive  evidence  regarding  the  chemical  character  of  the 
material.  Indications  point  toward  the  frequently  made  assumption 
that  lignin  plays  an  important  part  in  this  respect.  Steps  are  being 
taken  to  obtain  further  evidence  on  this  point  hy  determination  of 
the  methoxyl  group,  which  is  so  characteristic  of  lignin  from  different 
sources. 


Table  15. — Ammonia  absorption  and  SO3  content  of  organic  soil  fractions  before 
and  after  treatment  with  Ca(0H)2" 


Reagent  used  for 
extraction 

Ammonia  absorbed  per 
gram  of  material 

SOi  content 

Kind  of  soil 

After  elec- 
trodialysis 
only 

After 
Ca(OU)i 
treatment 
and  subse- 
quent elec- 
trodialysis 

After  elec- 
trodialysis 
only 

After  treat- 
ment with 
Ca(OH)i 
and  subse- 
quent elec- 
trodialysis 

Becket  loam,  Bi  horizon 

80»  solution 

do 

do 

MiUi- 
equicalents 
2.76 
2.32 

.76 

equioalentn 
2.01 
2.11 

.65 

Percent 

2.88 
4.55 

4.16 

Percent 
1.71 

Trenary  fine  sandy  loam,  B  hori- 

ron. 
Carrington  loam,  A  horizon 

1.87 
2.04 

•  Each  of  these  samples  is  a  subsample  of  the  fraction  extracted  from  soO  by  SOi  solution  and  electro- 
dialized.    (See  table  13.) 

*  Unpublished  data. 
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In  order  to  test  the  behavior  of  a  purified  Ugnin  by  the  reagents 
used  in  these  experiments  a  sample  of  corncob  Ugnin  furnished  by 
Max  PhilHps,  of  the  Farm  Waste  Division  of  this  Bureau,  was  treated 
with  sulphur-dioxide  solution  and  the  extract  boiled  until  reduced  to 
about  one  third  of  its  volume.  No  precipitate  was  formed  but  some 
brown  coloration  was  present.  Evaporation  of  the  solution  to  dry- 
ness showed  7.6  percent  of  the  sample  weight  dissolved.  It  is  evident 
that  this  kind  of  lignin  was  not  present  m  the  soil  fraction  recovered 
by  boiling  the  sulphur-dioxide  solutions  of  the  soils.  It  appears  also 
that  the  sulphur  dioxide  possesses  a  very  different  solvent  power  for 
lignin  from  that  shown  by  the  sulpliite  cooking  liquor  used  in  the 
paper  industry.  This  behavior  tends  to  obscure  the  part  played  by 
the  solvent  action  due  to  sulphonation  and  that  arising  merely  from 
the  hydrogen-ion  concentration  of  the  sulphurous  acid  and  its  action 
as  an  acid  upon  the  amphoteric  organic  material. 

The  hydrogen-ion  concentration  determinations  of  the  different 
colloids  were  made  on  suspensions  of  the  material  in  which  a  con- 
siderable amount  of  solids  was  present.  No  great  significance  should 
be  attached  to  small  differences  in  pH  values,  since  concentration  of 
solid  material  and  state  of  dispersion  have  so  much  to  do  with  the 
values  obtained  in  these  determinations. 

General  relationships  stand  out  as  significant,  however.  The  group 
of  acids  extracted  by  ammonia  show  the  greatest  hydrogen-ion  con- 
centrations when  in  suspension.  This  is  in  line  with  the  assumption 
of  relative  simplicity  for  those  acids  forming  readily  soluble  salts. 
The  material  extracted  by  sulphur  dioxide  is  much  less  acid,  some- 
times approaching  neutrality.  This  is  probably  due  in  part  to  the 
character  of  the  inorganic  portion  which  appears  to  be  largely  alumina, 
the  pH  value  of  which  when  pure  is  approximately  8.  Its  reaction 
with  the  organic  acids  has  doubtless  left  a  mixture  of  organic  acids 
and  salts.  The  organic  acids  aside  from  their  inorganic  base  content 
are  doubtless  less  acid  than  the  so-called  humic  acids,  and  a  part  of 
the  hydrogen-ion  concentration  measured  may  have  been  due  to  the 
presence  of  sulphur  in  a  sulphonic  acid  derivative.  Even  after 
saponification  and  removal  of  what  appears  to  be  sulphonic  acids 
the  material  is  still  acid. 

The  range  of  pH  values  of  the  material  extracted  by  sulphurous  acid 
is  comparable  with  the  isoelectric  pH  values  of  some  of  the  typical 
amphoteric  organic  compounds  such  as  certain  proteins.  Casein  for 
example  has  an  isoelectric  pH  value  of  4.6.  This  is  about  the  value 
attained  on  electrodialysis,  and  a  determination  of  its  ammonia-hold- 
ing power  by  the  methods  used  here  showed  a  value  of  0.38  milli- 
equivalent  per  gram  or  somewhat  below  that  of  the  lowest  values 
for  fractions  of  the  soil  organic  matter. 

The  acid  properties  of  the  organic  fractions  are  further  evidenced 
by  ammonia-absorption  capacity.     This  is  shown  in  table  14. 

There  is  much  irregularity  among  the  ammonia-absorption  values. 
The  materials  extracted  by  ammonia  from  different  soils  are  not  greatly 
different.  Those  extracted  by  sulphur  dioxide  are  widely  different. 
This  is  no  doubt  due  in  part  to  the  variable  sulphur  content  but  this 
factor  is  probably  not  as  important  as  that  of  the  organic  composition 
aside  from  the  sulphur  compounds.  Even  with  the  sulphur  present  the 
ammonia  absorption  of  the  materials  extracted  from  the  Carrington 
soil  with  sulphur  dioxide  is  very  low.     The  low  value  appears  not  to 
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be  due  to  the  magnitude  of  dilution  by  the  ash  content  alone,  although 
the  reaction  between  the  ash  material  and  the  organic  matter  may  be 
the  most  significant  factor.  Table  15  indicates  that  while  the  sulphur 
content  of  the  colloids  has  an  influence  upon  ammonia  absorption,  the 
magnitude  of  this  influence  is  not  more  than  about  25  percent  of  the 
total  in  any  of  the  cases  tested. 

FUNDAMENTAL    VARIATIONS  IN  SOIL  ORGANIC  MATTER 

In  the  earlier  studies  of  soil  coUoids  in  general  many  determinations 
were  made  which  were  of  value  in  characterizing  certain  soils.  Ex- 
perience proved,  however,  that  some  of  these  methods  were  not  of 
general  value  in  indicating  fundamental  similarities  and  differences 
m  the  great  groups  of  soils,  hence  many  of  such  methods  have  had 
only  limited  use  and  have  been  largely  discontinued  since  this  branch 
of  soil  science  has  taken  a  more  systematic  form.  Certain  determi- 
nations, however,  appear  to  be  of  a  more  fundamental  character  and 
their  use  has  been  of  great  value  in  the  organization  of  systematic 
study  of  inorganic  soil  colloids.  Systematic  study  of  organic  colloids 
has  been  much  less  developed.  It  is  hoped,  however,  that  further 
experience  may  show  that  some  of  the  determinations  herein  described 
possess  merit  as  a  basis  for  systematic  study  and  that  the  indications 
of  similarity  and  difference  in  the  organic  matter  of  the  few  soils 
studied  may  prove  to  be  of  general  application.  A  part  of  these 
methods  appear  to  merit  further  study,  at  least  in  their  application  to 
the  organic  matter  of  profile  samples  of  the  soils  of  the  great  soil 
groups.  The  features  which  are  particularly  promising  are  those  of 
a  comparison  of  the  organic  matter  extracted  by  sulphur  dioxide 
solution  with  that  extracted  by  ammonia  from  debased  soils.  The 
carbon  and  ash  contents  of  these  fractions  and  their  base-exchange 
capacity  by  ammonia  appear  to  possess  the  greatest  diagnostic  value. 
The  base-exchange  capacity  when  determined  on  material  extracted 
by  sulphur  dioxide  is  probably  of  more  value  after  treatment  of  the 
sample  with  calcium  hydroxide  to  remove  the  loosely  held  sulphur 
compounds.  Preparations  are  now  under  way  to  extend  this  work 
to  samples  from  the  great  soil  group  and  thus  further  an  attempt  to 
accumulate  systematic  data  by  which  to  relate  the  character  of  soil 
organic  matter  to  existing  schemes  of  soil  classification. 

SUMMARY 

A  study  of  the  organic  matter  of  soils  from  the  colloidal  standpoint 
is  presented. 

Dispersed  organic  colloids  prepared  from  various  soil-forming  ma- 
terials were  studied  by  methods  similar  to  those  used  in  the  study  of 
inorganic  soil  colloids.  The  materials  included  rotted  hay  and  straw, 
leaf  mold,  bacteria,  and  fungous  bodies,  and  soil  materials  from  peats 
and  from  other  soil  sources. 

The  various  colloids  contain  ether,  alcohol,  and  water-soluble  com- 
ponents and  in  most  cases  significant  quantities  of  cellulose  and  hemi- 
3ellulose.  The  largest  single  component  is  the  ligno-humic  complex 
which  varies  between  wide  limits. 

The  electrodialyzed  colloids  are  stronglj^  acid,  the  pH  values  of  the 
viscous  material  ranging  between  2.3  and  3.7. 
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In  terms  of  milliequivalents  the  quantity  of  sodium  hydroxide  re- 
q^uired  to  neutrahze  these  colloids  is  considerably  less  than  the  quan- 
tity of  ammonia  taken  up  from  dilute  ammonium  hydroxide. 

The  water- vapor  absorption  of  the  organic  colloids  over  30  percent 
sulphuric  acid  is  as  high  or  higher  than  the  values  for  the  most  active 
inorganic  soil  colloids.  In  general,  the  properties  of  these  organic 
colloids  suggest  the  presence  of  either  these  or  similar  compounds  in 
the  soil. 

Organic  colloids,  when  mixed  with  quartz  flour,  show  a  moderate 
decrease  in  ammonia-absorbing  power.  When  mixed  with  Cecil  soil 
colloid  the  decrease  in  absorption  is  much  greater,  indicating  the 
probability  of  chemical  reaction  between  the  acid  organic  colloid  and 
the  sesquioxides  of  the  soil  colloid. 

The  acid  qualities  of  organic  colloids  are  not  much  diminished  by 
mixing  with  ferric  hydroxide,  are  much  more  diminished  by  mixing 
with  aluminum  hydroxide,  and  are  almost,  if  not  entirely  neutralized 
by  mixing  with  ferrous  hydroxide.  These  facts  are  utilized  in  the 
interpretation  of  certain  soil  profile  characteristics. 

From  certain  soils  considerable  organic  matter  may  be  dissolved  by 
the  action  of  acids  in  moderate  concentration.  There  is  evidence 
that  much  of  the  organic  matter  thus  dissolved  is  in  the  form  of 
organic  cations. 

The  amphoteric  character  of  soil  organic  matter  was  utilized  in  its 
separation  into  major  fractions  from  three  different  soils  by  the  use 
of  hydrochloric  acid,  sulphurous  acid,  and  by  ammonia.  The  frac- 
tions extracted  by  ammonia  are  nearly  uniform  in  carbon  content, 
but  show  moderate  variation  in  other  characteristics.  Materials  ex- 
tracted by  sulphur-dioxide  solution  show  wide  variations  in  carbon 
content,  in  ammonia  absorption,  and  in  other  ways.  There  is  evi- 
dence that  the  character  of  fractions  extracted  by  this  reagent  may 
be  of  diagnostic  value  in  the  study  of  soil  profiles. 
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INTRODUCTION 

The  Mexican  bean  beetle^  is  the  most  serious  insect  enemy  of  beans 
in  the  infested  districts  of  New  Mexico.  Although  beans  have  been 
grown  by  farmers  in  the  foothills  of  the  Estancia  Valley  for  years,  it 
was  not  until  1914  that  the  first  commercial  plantings  were  made,  at 
which  time  four  carioads  were  produced.  During  the  Worid  War 
demands  for  increased  production  and  the  introduction  of  modern 
farm  machinery  permitted  the  plantings  to  be  increased  to  about 
85,000  acres.  The  bean  beetle  increased  with  the  .increase  of  com- 
mercial acreage,  and  large  acreages  of  beans  were  defohated  along  the 
foothills.  As  the  industry  was  threatened,  an  appeal  to  the  Federal 
Government  was  made  for  a  study  of  the  bean  beetle  in  the  valley, 
and  the  writer  was  sent  to  Estancia,  N.Mex.,  in  the  summer  of  1923 

>  Acknowledgments  are  due  Harry  and  Cecil  Glover,  of  Tajique,  and  Rea  Brown,  of  Estancia,  who  placed 
their  entire  bean  plantings  at  the  disposal  of  the  writer  without  compensation  and  cooperated  by  furnishing 
teams,  tractors,  and  labor  in  applying  insecticides  and  securing  data  on  yields;  L.  O.  Bachmann,  who 
operated  thermographs  in  the  foothills  west  of  Tajifjue  and  prepared,  planted,  and  cultivated  fields  from 
which  infestation  records  were  obtained;  Frank  Moore,  who  kindly  threshed  the  1930  foothill  plats  without 
compensation;  the  U.S.  Forest  Service,  esi)ecially  the  Manzano  National  Forest  force,  for  permission  to 
utilize  certain  areas  for  hibernation  studies  and  for  help  in  various  ways;  the  Santa  Fe  office  of  the  U.S. 
Weather  Bureau  for  meterological  data;  E.  B.  Wiggins,  field  assistant,  who  rendered  valuable  assistance  in 
securing  field  data  for  4  seasons;  and  farmers  and  bean-warehouse  owners,  who  willingly  placed  at  the 
writer's  service  every  possible  means  to  facilitate  the  investigations. 

« Epilachna  corrupta  Muls.;  order  Coleoptera,  family  Coccinellidae. 
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to  establish  a  field  laboratory.  This  bulletin  reports  studies  con- 
ducted up  to  December  1931.  The  information  is  intended  to 
acquaint  the  agriculturists  of  the  Southwest  with  the  habits,  life 
history,  and  control  of  the  Mexican  bean  beetle. 

This  insect,  presumably  a  native  of  Mexico,  was  first  described  in 
1850  from  specimens  collected  there.  The  first  authentic  account  in 
agricultural  Uterature  of  its  presence  in  the  United  States  was  from 
the  Southwest  in  1864  (1).^     Evidently  this  beetle  was  a  pest  in  the 


Figure  l.— Injury  to  bean  leaf  caused  by  the  feeding  of  larvae  of  the  Mexican  bean  beetle.    Slightly 

enlarged  (N.  F.  Howard). 

Southwest  years  before,  as  beans  were  a  staple  food  of  the  Indians 
during  the  earlier  days,  and  later  of  the  Spanish  Conquistadors. 
In  the  ruins  of  prehistoric  agricultural  tribes  are  to  be  found  varieties 
of  beans  which  have  survived  the  race  under  whose  husbandry  they 
originated.  Through  centuries  of  natural  selection  this  insect  has 
produced  a  type  eminently  adapted  to  remain  in  hibernation  through 
the  dry,  hot  period  of  spring  and  to  emerge  with  the  coming  of  the 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  45. 
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summer  rains.     Its  reproductive  capacity  makes  this  beetle  a  pest  of 
primary  economic  importance. 

The  Pinto  bean  (Phaseolus  vulgaris)  is  the  only  variety  of  bean 
grown  commerciallv  in  the  Estancia  Valley  and  therefore  is  the  only 
variety  worked  with  in  the  field. 

CHARACTER  OF  INJURY 

Injury  to  the  leaves  of  beans  both  by  the  adults  and  by  larvae  of 
the  Mexican  bean  beetle  is  characteristic  and  distinct  from  that  pro- 
duced by  other  bean  insects.  They  feed  on  the  undersurface  of  the 
leaves,  and  their  feeding  can  be  distinguished  as  follows:  The  beetles 
eat  ragged  holes  through  the  leaf,  but  often  do  not  cut  through  the 
upper  surface,  leaving  the  larger  veins  and  portions  of  the  upper 


Figure  2.— Feeding  marks  of  the  Mexican  bean  beetle  on  young  green  beau  pods. 
deformity  and  dropping  of  the  pods. 


Such  feeding  causes 


epidermis  and  giving  the  leaves  a  lacelike  appearance.  The  larvae 
cut  away  the  lower  surface  of  the  leaf  in  narrow  parallel  strips  about 
the  length  of  their  bodies,  leaving  intact  the  upper  surface,  the  larger 
veins,  and  narrow  linear  strips  of  the  lower  surface.  This  results  in  a 
peculiar  network  (fig.  1).  At  first  the  larvae  feed  in  groups  near  the 
egg  mass  but  later  become  scattered  as  they  crawl  to  other  leaves  in 
search  of  more  food.  The  more  injured  leaves  dr^  up  and  drop  from 
the  plant,  while  others,  not  completely  skeletonized,  hang  dead  on 
the  plant. 

Although  the  insects  feed  chiefly  on  the  leaves,  all  parts  of  the  plant 
above  the  ground  are  subject  to  attack.  After  destroying  the  leaves, 
they  will  attack  the  green  pods  (fig.  2)  and  even  the  stems.     When 
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the  insects  are  numerous,  an  injured  plant  presents  the  appearance 
of  being  completely  dried  out. 

The  primary  causes  of  reduction  in  yield  are  the  destruction  of  the 
leaves  and  the  injury  caused  through  the  eating  of  the  blossoms  and 
the  feeding  on  the  young  pods,  which  results  in  deformity  and  drop- 
ping. The  pods  that  have  been  injured  by  being  fed  on  become 
water-soaked  during  rainy  weather,  and  consequently  the  beans 
become  discolored  and  are  therefore  of  a  lower  grade.  This  deteriora- 
tion often  takes  place  after  the  beans  have  been  harvested  and  piled 
in  small  shocks  to.  cure  before  being  threshed. 

The  extent  of  injury  depends  upon  the  number  of  insects  per  acre, 
the  time  of  their  appearance  in  the  field,  the  condition  of  the  plants, 
and  seasonal  variations.  Under  a  heavy  infestation  complete  defolia- 
tion will  result  early  in  the  season  so  that  only  a  few  pods  will  be  pro- 
duced per  plant,  provided  nothing  is  done  to  prevent  destruction 


Figure  3.— Field  of  beans  near  Tajiciue,  N.Mex.,  destroyed  by  the  Mexican  bean  beetle. 

(fig.  3).  Defoliated  fields  are  not  harvested,  as  they  will  not  pay  the 
cost  of  harvesting  and  threshing.  One  farmer  who  harvested  a 
devastated  field  got  less  than  18  pounds  of  beans  per  acre. 

RELATION  OF  DEFOLIATION  TO  REDUCTION  IN  YIELD 

Experiments  were  undertaken  to  determine  the  relation  of  foliage 
injury  to  decrease  in  yield.  Areas  were  selected  where  the  soil  was  of 
uniform  character  and  where  the  spacing  of  the  plants  was  as  regular 
as  occurs  under  mechanical  planting.  Each  experimental  plat  con- 
tained 13  rows,  including  3  check  or  untreated  rows,  and  each  row 
contained  20  plants.  The  plants  in  rows  in  the  first  series  were 
defoliated  by  hand  on  August  1,  when  the  beans  started  blooming; 
those  in  the  second  series  were  similarly  defoliated  on  August  1 1 ;  and 
those  in  the  third  on  August  21.  The  leaves  of  each  plant  were 
counted  and  the  desired  number  removed  to  give  10  percent  defolia- 
tion or  a  multiple  thereof.  Thus  10  percent  of  the  leaves  were 
removed  on  the  first  row,  20  percent  on  the  second,  and  so  on  until 
.100  percent  defoliation  was  reached,  as  shown  in  figure  4.  Care  was 
used  to  remove  a  fair  sample  of  the  different  stages  of  leaf  growth 
at  each  defoliation. 
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Figure  4  gives  the  percentages  of  foliage  destroyed  and  the  com- 
bined yields  of  the  three  series.  In  general,  the  results  show  that  there 
is  a  direct  relation  between  defoliation  and  yield.  The  yield  of  beans 
from  the  August  1  defoliation  was  99.3  ounces,  as  compared  to  131.4 
ounces  for  the  August  11  defoliation  and  326.8  ounces  for  the  August 
21  defoliation.  When  considered  separately,  these  and  similar 
experiments  also  showed  that  the  earlier  the  defoliation,  after  the 
plants  start  blooming  and  bearing,  the  greater  the  decrease  in  yield. 

HIBERNATION 

The  Mexican  bean  beetle  passes  the  winter  in  only  the  adult  or  oeetle 
stage.  In  the  Estancia  Valley  the  beetles  begin  their  fall  migration 
in  search  of  suitable  hibernation  quarters  in  early  September  and 
reach  the  maximum  flight  during  the  latter  part  of  September  and  the 
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Figure  4.— Reduction  in  yield  of  dry  shelled  beans  from  13  rows,  resulting  from  various  degrees  of  hand 
defoliation  after  blooming  had  begun.  The  figures  in  the  bars  indicate  the  percentage  of  leaves  removed. 

first  part  of  October,  depending  upon  seasonal  variation,  harvest  of 
bean  plants,  and  killing  frost.  The  findings  here  presented  are  the 
results  of  a  comprehensive  study  of  the  overwintering  of  the  insect 
in  the  Estancia  Valley  from  1923  to  1930,  during  which  time  286,327 
beetles  were  used  in  field-liibernation  studies. 

The  hibernation  cages  used  during  these  investigations  were  con- 
structed of  2  by  4  inch  lumber,  and  measured  from  3  to  6  feet  in 
width,  from  4  to  6  feet  in  length,  and  from  2  to  4  feet  in  height. 
They  were  covered  with  14-mesh  screen  wire,  and  had  removable 
tops  (fig.  5).  After  the  beetles  had  become  dormant,  the  14-mesh 
screen  wire  tops  were  exchanged  for  1-inch  mesh  wire  tops  which  per- 
mitted snow  to  enter  the  cage  and  at  the  same  time  excluded  intruders. 
These  tops  were  again  exchanged  before  activity  was  manifested  in 
the  spring.  In  this  manner  conditions  approximating,  as  nearly  as 
possible,  those  prevailing  under  natural  lubernation  were  obtained. 
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Three  cages  were  located  in  the  fir-spruce  zone,  5  in  the  yellow  pine 
zone,  1  in  the  pinyon  or  nut  pine  forest  zone,  and  3  in  the  grama- 
grass  association. 

These  studies  show  that  the  character  of  the  hibernation  material 
has  an  important  effect  on  the  successful  overwintering  of  tliis  insect. 
Suitable  material  is  one  that  permits  beetles  to  enter  and  emerge 
readily,  and  at  the  same  time  protects  them  from  rapid  changes  and  low 
temperature.  The  material  must  also  retain  moisture  and  prohibit 
too  rapid  drying  out.  Oak  leaves  and  pine  needles,  alone  or  in  combina- 
tion, when  lying  in  well-protected  places  under  good  drainage  condi- 
tions, are  the  most  favorable  materials.  Compact  materials  such  as 
fir,  cedar,  and  pinyon  needles  are  unsuitable,  as  beetles  are  unable  to 
enter  them.  Weeds  are  the  most  unsatisfactory  material  found,  as 
they  permit  rapid  changes  in  temperature  and  moisture.  Russian 
thistle  {Salsola  pestifer)  is  the  most  abundant  and  widely  distributed 
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Figure  5.— Type  of  hibernation  cage  used  in  studies  of  the  Mexican  bean  beetle.  The  self-recording 
weather  instrument  is  in  the  white  box  above  the  cage  and  the  rain-gage  stand  is  just  back  of  the  lock  on 
the  door. 

weed  in  the  Estancia  Valley.  When  mature,  it  breaks  off  at  the 
surface  of  the  ground  and  rolls  before  the  wind.  These  weeds  finally 
lodge  and  pile  up  along  fences  where  they  break  the  force  of  the 
wind,  which  deposits  a  large  quantity  of  sand  and  dust  on  the  leeward 
side  of  the  fence.  This  accumulation  continues  until  the  fence  is 
covered  with  wind-blown  sand.  This  condition  alone  prevents  the 
successful  hibernation  of  the  beetles  along  fence  rows  in  the  valley. 
Figure  6  shows  that  on  February  10,  1929,  the  air  temperature 
decreased  to  —27°  F.  at  Estancia,  as  compared  with  a  temperature 
of  25°,  under  a  6-inch  blanket  of  snow  in  the  hibernation  material  of 
oak  leaves  and  pine  needles  in  a  near-by  cage,  as  registered  by  a 
distance  thermograph.  At  the  same  time  temperature  in  the  hiber- 
nation material  in  an  adjacent  cage,  where  Russian  thistles  were  used, 
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decreased  to  —  1  °.  Tliis  demonstrates  that  weeds  hold  the  blanket 
of  snow  off  the  ground,  permitting  the  temperature  to  fall  below  the 
killiiitr  point. 


Figure  6.— Temperature  records  for  the  week  ended  February  11,  1929,  at  Estancia,  N.Mex.,  showing  the 
comparison  between  air  temperature  and  the  temperature  of  the  hibernation  material  used  by  the  Mexican 
bean  beetle.  Oak  leaves  and  pine  needles  were  the  hibernation  material  in  the  upper  record  (A)  and 
Russian  thistles  in  the  lower  (B).  The  solid  line  indicates  the  air  temperature  and  the  dotted  line  that  of 
the  hibernation  material. 


Fk.i'KK 


Mexican  bean  hoetlcs  hibernating:  in  oak  leaves  and  pine  needles  (N.  F.  Howard). 


The  evidence  secured  in  these  investigations  shows  that  the  over- 
wintering of  the  beetles  is  confined  primarily  to  the  yellow  pine  forest 
zone  and  that  conditions  become  more  favorable  where  oak  trees  are 
found  in  the  association,  as  shown  in  figure  7. 
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The  sketch  map  of  the  valley  (fig.  8)  shows  that  the  yellow  pine 
forest  zone  occurs  only  along  the  western  edge  of  the  valley,  and 
that  therefore  the  valley  has  a  1-way  invasion  of  overwintered 
beetles.  A  study  of  the  arrival  in  the  fields  early  in  the  season 
confirms  this  statement,  as  the  first  overwintered  beetles  are  found 
in  the  foothill-canyon  fields,  from  which  they  later  migrate  down 
the  canyons  into  the  valley.  This  point  has  been  checked  by  the 
use  of  marked  beetles  that  were  liberated  in  the  heads  of  the  canyons 
and  later  recovered  in  fields  lower  down.  Also,  the  beetles  are 
more  numerous  and  the  damage  greater  along  the  western  foothills, 
east  of  the  Manzano  Mountains,  than  out  in  the  valley.  The  Mexican 
bean  beetle  is  not  a  serious  major  pest  in  areas  remote  from  suitable 
hibernation  quarters,  as  in  the  eastern  part  of  New  Mexico.  There 
are  a  number  of  areas  in  New  Mexico  that  have  a  1-way  infestation. 
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Figure  8.— Sketch  map  of  the  Estancia  Valley  showing  plant  communities. 

Stacks  of  bean  hulls  (fig.  9)  do  not  furnish  ideal  hibernation  quarters 
for  the  bean  beetle,  as  only  the  top  layer  receives  moisture,  which  is 
essential  for  overwintering.  Long  periods  of  drying  out  are  fatal. 
These  stacks  are  usually  consumed  by  livestock  during  the  winter, 
although  a  few  are  not  utilized  for  sev^eral  years.  No  initial  infesta- 
tion has  been  traced  to  these  stacks.  What  few  beetles  remain  in  the 
shocks  at  threshing  time  are  usually  separated  out  with  the  dirt,  and 
very  few,  if  any,  are  blown  into  the  stack  of  hulls. 

The  effect  of  climate  on  the  overwintering  of  this  insect  has  been 
studied  for  7  years,  with  a  view  to  determine  the  relation  of  weather 
to  winter  mortality.  Mild  or  severe  winter  temperatures  seem  to 
have  no  correlation  with  winter  survival.  Some  of  the  severe  winters 
have  been  favorable  for  the  overwintering  of  the  insect.  The  primary 
reason  for  this  is  that  the  beetles  overwinter  in  the  yellow  pine  forest 
zone  which  covers  the  higher  rolling  hills  and  the  lower  and  drier 
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slopes  of  the  mountains,  and  during  periods  of  below-zero  weather  the 
ground  is  usually  covered  with  snow,  which  protects  the  beetles  from 
a  fatal  temperature  by  its  insulating  qualities.  The  preferred  hiber- 
nation material  also  acts  as  an  insulator.  The  indications  are  that 
precipitation  is  the  major  lactor  affecting  survival  from  hibernation 
and  that  as  the  temperature  decreases  so  do  the  moisture  requirements 
of  the  beetles.  Apparently  the  seasonal  distribution  of  moisture  is 
more  important  than  the  quantity.  According  to  the  available  evi- 
dence, the  spring  is  the  critical  period  during  hibernation  when  periods 
of  excessive  rain  and  heavy,  wet  snowfalls  followed  by  cloudy  condi- 
tions occur  or  prevail.     Damp  or  rainy  weather,  however,  is  favorable 


Figure  9.— Stack  of  bean  hulls,  worth  about  one  half  the  value  of  alfalfa  as  feed  for  cattle. 

to  the  parasite  fungus  Sporotrichum  glohulijerum^  which  may  cause  a 
high  death  rate  among  the  overwintering  beetles. 

EMERGENCE  FROM  HIBERNATION 

The  emergence  of  the  beetles  from  the  hibernation  cages  was  studied 
at  the  same  time,  and  some  of  the  data  obtained  are  given  herewith. 
The  experiments  were  carried  on  in  the  foothills  west  of  Tajique. 

The  cages  utilized  in  the  emergence  studies  were  located  in  the 
yellow  pine  {Pinus  ponder osa)  forest  zone  that  covers  the  higher 
rolling  hills  and  the  lower  and  drier  slopes  of  the  Manzano  Mountains. 
The  locations  of  these  cages  represented  a  typical  cross  section  of  the 
natural  hibernation  quarters. 

In  the  fall  of  1925,  5,000  beetles  were  placed  in  cages  5  and  7.  Into 
cage  6,  1,500  beetles  were  introduced.  In  the  fall  of  1926,  10,000 
beetles  were  placed  in  cage  5,  15,000  in  cage  7,  and  5,000  in  cage  8. 

175244"— 33 2 
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All  the  beetles  were  collected  in  the  irrigated  area  near  Iloehne,  Colo., 
and  in  the  Rio  Grande  Valley,  north  of  Albuquerque,  N.Mex. 

The  temperature  records  used  in  this  connection  have  been  compiled 
from  the  meteorological  records  of  a  cooperative  observer  of  the  United 
States  Weather  Bureau  at  a  station  located  near  Tajique,  3  miles 
northeast  of  the  location  of  the  foothill  experiments.  The  locations 
of  the  weather  station  and  of  the  Tajique  Canyon  cages  are  very 
similar  in  regard  to  exposure,  topography,  drainage,  and  environment. 
The  precipitation  data  were  obtained  from  rain  gages  close  to  the 
different  cages  in  order  to  insure  accuracy  (fig.  5). 

Examinations  of  the  cages  were  made  as  often  as  time  and  other 
conditions  would  allow;  usually  daily,  or  at  least  every  other  day, 
during  the  emerging  season.  After  emergence  became  general  the 
active  beetles  were  removed  from  the  cages  when  examinations  were 
made,  and  the  numbers  thus  removed  were  used  in  computing  the 
percentages  given  in  the  accompanying  tables. 

During  the  season  of  1926  the  first  emergence  in  the  foothills  was 
on  April  8,  when  5  adults  were  found  on  the  screen  in  cage  8.  These 
beetles  later  reentered  the  hibernation  material.  Emergence  occurred 
again  on  May  2  and  continued  irregularly  until  July  30.  This  emer- 
gence period  extended  over  89  days  and  was  very  general  and  intensive 
for  several  weeks  in  the  yellow  pine  forest  zone.  The  greatest  number 
emerged  in  cage  7,  at  an  elevation  of  7,000  feet.  During  the  period  of 
12  days,  from  June  27  to  July  8,  inclusive,  1,171  out  of  1,812  beetles, 
or  64.62  percent,  emerged  in  this  cage.  During  the  same  period  645 
beetles  out  of  1,112,  or  58  percent,  emerged  in  cage  5,  at  an  elevation 
of  7,050  feet.  In  table  1  it  will  be  noted  that  during  the  period  from 
June  24  to  July  7,  inclusive,  the  total  emergence  was  1,913  beetles 
out  of  3,263,  or  58.63  percent.  Table  1  also  shows  that  the  periods 
and  peaks  of  emergence  from  cage  6,  within  one  half  mile  in  the  same 
canyon,  vary  from  the  other  two,  owing  to  differences  in  local 
conditions. 


Table  1. — Emergence  of  the  Mexican  bean  beetle  from  hibernation  in. cages  5  and  6y 
at  an  elevation  of  7,050  feet  and  from  cage  7  at  an  elevation  7,000  feet,  during 
1926,  Tajique,  N.Mex. 


Average 

mean 
tempera- 
ture for 
period 

Precipi- 
tation 

Beetles  emerging  from— 

Total 

Week  ended 

Cage  5 

Cage  6 

Cage  7 

emer- 
gence 

Mays 

°  F. 
48.8 
42.8 
52.0 
56.8 
55.1 
59.1 
59.9 
59.9 
63.9 
62.3 
60.4 
63.7 
60.6 
63.6 

Inches 
0.48 
.64 
.01 
.55 
.71 
.29 
.41 
.25 
.22 
.26 
.30 
IT. 
1.70 
.06 

Number 
0 
0 
1 

12 

17 

80 

205 

95 

391 

254 

47 

1 

9 

0 

Number 

1 

0 

0 

8 

0 

12 

86 

32 

46 

77 

43 

4 

30 

0 

Number 

1 

0 

5 

41 

30 

57 

186 

150 

548 

597 

166 

17 

14 

0 

Number 
2 

May  12             .  - 

0 

May  19 

6 

May  26 

61 

June  2 

June  9 

47 
149 

477 

June  23 

277 

June  30 .-  ---  -  

985 

July7-         

928 

July  14                        -  -      - 

256 

July  21 

22 

Julv28.      

63 

Aug.  4                          

0 

Total 

1,112 

339 

1,812 

3,263 

}  Trace, 
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In  1927  the  first  beetles  emerged  in  the  foothills  on  April  2,  when 
two  adults  were  noted  crawling  over  the  hibernation  material  in  cage 
7.  These  beetles  later  reentered  hibernation.  This  appearance  and 
disappearance  continued  at  intervals  until  May  3,  after  which  the 
active  beetles  were  removed  from  the  cages  as  they  emerged.  Start- 
ing on  May  3  and  continuing  until  August  6,  this  emergence  extended 
over  95  days,  with  two  short  periods  of  intensive  emergence. 

The  first  intensive  emergence  occurred  from  June  14  to  17,  inclu- 
sive, and  the  second  from  June  29  to  July  1,  inclusive.  During  the 
first  period  of  4  days  1,938,  or  33.54  percent,  emerged,  and  during 
the  second  period  of  3  days  932  beetles,  or  16.13  percent,  emerged. 
On  June  16,  1,126  beetles,  or  19.49  percent,  were  removed  from  the 
cages.  Tliis  represents  the  emergence  for  June  15  and  16,  as  no  re- 
moval was  made  on  the  15th,  as  shown  in  figure  11.  During  the 
week  ended  June  18,  2,228  insects,  or  38.56  percent,  emerged,  as 
shown  in  table  2. 


Table  2. — Emergence  of  the  Mexican  bean  beetle  from  Mb 
elevation  of  7,050  feet,  cage  7,  at  an  elevation  of  7,000  feet 
lion  of  6,975  feet,  during  1927,  Tajique,  N.Mex. 

ernation  in  cage  5,  at  an 
,  and  cage  8,  at  an  eleva- 

Average 

mean 
tempera- 
ture for 
period 

Precipi- 
tation 

Beetles  emerging  from— 

Total 

Week  ended 

Cages 

Cage7 

Cages 

emer- 
gence 

May  7 

°  F. 
63.8 
48.8 
60.8 
54.2 
67.1 
59.7 
63.  0 
61.6 
60.9 
62.9 
65.4 
65.6 
68.5 
64.9 

Inches 

0 

.21 
.12 

0 

0 
.18 

1.53 
.09 
.18 
.03 
.20 
.02 

1.78 

1  41 

Number 
21 
18 
39 
12 
4 

62 

1,305 

265 

426 

366 

194 

24 

113 

0 

Number 
26 
5 

37 

20 

14 

39 

656 

322 

609 

2.53 

255 

42 

153 

2 

Number 

1 

0 

3 

0 

0 

9 

267 

66 

77 

23 

33 

13 

24 

0 

Number 
48 

May  14 

May  21 . 

23 
79 

May  28 

32 

June4 _ 

18 

June  11 

100 

June  18 

2  228 

643 

,Inlv  '-' 

1  112 

Julv  i*       

642 

July  16 

482 

July  23 

July30-  

79 
290 

Aug.  6 

2 

Total 

2,829 

2,433 

516 

5  778 

Collections  from  the  hibernation  cages  during  1926  and  1927  are 
shown  in  figures  10  and  11.  The  emergence  from  the  cages  is  sum- 
marized in  tables  1  and  2.  The  rates  of  emergence  from  the  cages  are 
very  similar  and  in  general  the  beetles  respond  to  the  precipitation 
stimulus  (3). 

Table  3  shows  by  comparison  that  rainfall  is  the  greater  of  the  two 
stimuU  influencing  the  emergence  of  the  bean  beetle  from  hibernation, 
especially  after  the  mean  temperature  has  reached  50°  F.  Emergence 
occurs  at  much  lower  temperatures  during  periods  of  rainfall,  but  the 
beetles  resume  hibernation  after  the  rain  ceases.  Local  showers 
during  the  heat  of  the  day  bring  more  beetles  out  of  hibernation  than 
would  the  same  rainfall  at  a  lower  temperature.  Local  rainfall  over 
one  canyon  area  has  no  effect  on  the  insects  about  to  emerge  in 
adjacent  canyons.  It  has  been  noted  that  whenever  heavy  rains  are 
preceded  by  hot,  dry  weather,  the  majority  of  the  beetles  emerge 
within  a  period  of  a  very  few  days. 
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Figures  10  and  11  show  that  in  general  the  greatest  numbers  of 
beetles  emerge  on  days  when  precipitation  occurs  and  that  the  num- 
bers decrease  as  the  hibernation  material  dries  out.  The  effect  of 
the  combined  factors  of  temperature  and  precipitation  is  best  illus- 
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MAY        JUNE      JULY 

Figure  10. — Graph  showing  collections  of  beetles  from  cages  5,  6,  and  7,  located  in  the  yellow  pine  forest 
zone,  the  Mexican  bean  beetle's  natural  hibernation  quarters,  during  the  emergence  season  of  1926,  with 
concurrent  precipitation  and  temperature. 

trated  by  the  data  in  these  graphs,  which  show  a  definite  relation 
between  rainfall  and  emergence,  and  that  the  intensity  of  emergence 
is  governed  by  the  temperature.  The  indications  are  that  rainfall 
starts  the  emergence  and  favorable  temperatures  prevaihng  during 
the  period  of  precipitation  or  subsequent  thereto  act  as  an  accelerator. 
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As  further  evidence  (table  3),  in  cage  5,  at  an  elevation  of  7,050 
feet,  the  greatest  number  of  beetles  emerged  in  1925  on  June  10, 
when,  within  a  period  of  5  hours  during  an  experiment  in  which 
water  approximating  1 M  inches  of  precipitation  was  sprayed  into  the 
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Figure  11— Graph  showing  collections  of  beetles  from  cages  6,  7,  and  8,  located  in  the  yellow  pine  for^t 
zone,  the  Mexican  bean  beetle's  natural  hibernation  quarters,  during  the  emergence  season  of  1927.  The 
exceptionally  high  bar  represents  the  emergence  of  2  days.  Concurrent  precipitation  and  temperature 
records  are  also  shown. 

cage,  64  beetles,  or  49.23  percent,  emerged.  On  May  10,  1928,  a 
roof  was  placed  over  cage  6  and  the  sides  screened  with  muslin  to 
keep  out  all  precipitation  during  the  emerging  season.  On  July  31, 
1  inch  of  water  was  sprayed  into  the  cage,  and  within  2  hours  72 
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beetles,   or  58.53   percent,   responded   to   the  stimulating  effect  of 
contact  moisture. 

Figures  10  and  11  and  tables  1  and  3  all  show  that  there  is  a  definite 
relation  between  precipitation  and  emergence  of  the  bean  beetle  from 
hibernation  and  that  the  percentage  emerging  is  directly  influenced 
by  the  temperature  during  the  period  of  rainfall. 

Table  3. — Emergence  of  the  Mexican  hean  beetle  from  hibernation  on  some  of  the 
hottest  and  wettest  days,  Tajique,  N.Mex.,  1924-30 


Cage  no. 


7 

7. 

5 

7. 

7. 
5. 
6. 


Date 


1924 

June  17 

June  24 

July  1 

July  2 

1925 

June  14 

June  27 

June  10 

July  5 

July  6 

1926 

June  30 

July  2 

July  6 

1927 

June  10 

June  16 

June  27 

1928 
July  3 

July  7 

July  10 

July  31 

1930 

June  29 

July  2 

July  4 

July  11 


Temperature 


Maxi- 
mum 


79 


76 


Mini- 
mum 


Mean 


67 
67.5 
60 
68.5 


67 

65.5 

58.5 

62 

63 


66.5 
68 


72 
71 

63.5 
62. 


70.5 
70.5 
65.5 
63.5 


Precipi- 
tation 


Inches 
0 
0 

1.10 
.18 


0 
0 
1  1.25 
.31 
.06 


16 


.24 

2.28 


Beetles  emerging 


Number 
3 


428 
199 


297 
36 
283 


28 
49 
511 
569 


Percent 

0.23 

.61 

32.82 

15.  26 


0 

.27 
49.23 
25.  34 
11.57 


1.99 
15.62 


.01 

21.47 

.02 


0 

0 

44.00 
58.53 


.64 
1.13 
11.76 
13.10 


Artificial  precipitation. 


2  Rained  late  the  preceding  afternoon. 


APPEARANCE  IN  THE  FIELD 

Merrill  {6,  p.  ^)  states:  "Adult  individuals  of  the  bean  beetle  that 
have  passed  the  winter  successfully  appear  on  the  bean  plants  rather 
late.  In  the  Mesilla  Valley  one  finds  them  in  small  numbers  after 
the  first  week  in  June."  Chittenden  (2,  p.  7)  makes  the  following 
statement:  "It  is  somewhat  remarkable  that  the  beetles  remain  in 
hibernation  during  the  last  days  of  May  and  the  first  half  of  June 
when  high  temperatures,  from  90°  to  95°  F.,  often  prevail."  List 
{5,  p.  14)  says: 

They  begin  to  disappear  for  hibernation  in  the  fall  as  soon  as  frost  injures 
their  food  plants  and  no  more  activity  is  shown  until  in  June  when  they  suddenly 
appear.  It  is  rather  unusual  that  they  remain  in  hibernation  until  so  late  as 
many  days  of  high  temperature  are  experienced  and  early  beans  are  often  in 
bloom  before  they  are  seen. 

The  mystery  of  the  late  appearance  of  the  beetles  has  been  explained 
by  studies  on  emergence  which  showed  that  rainfall  is  the  stimulus  to 
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emergence,  especially  after  the  mean  temperature  has  risen  to  50°  F. 
Summer  rains  do  not  generally  occur  until  late  in  the  season,  and 
therefore  the  beetles  do  not  enter  the  fields  until  rather  late. 

Data  upon  the  emergence  of  the  beetles  from  natural  hibernation 
were  obtained  in  1930  by  recording  the  increase  of  beetles  in  fields 
located  in  canyons  nearest  the  mountains  where  the  natural  liiberna- 
tion  quarters  were  located.  Field  1  (one  tliird  acre)  was  located  in 
Taiique  Canyon,  and  field  2  (1,200  feet  of  row)  was  located  in  the 
fork  of  Canyon  de  la  Mula  and  Afuera  Canyon,  both  fields  being  near 
the  lower  edge  of  the  yellow  pine  forest  zone.  The  weather  instru- 
ments were  located  about  1  mile  above  the  former  field,  whereas  the 
set-up  was  about  one  half  mile  down  the  canyon  from  the  latter,  and 
does  not  give  a  true  picture  of  the  rainfall  occurring  over  the  hiberna- 
tion area  of  that  field. 

Figure  12  shows  that  the  first  beetles  of  the  season  were  recorded 
in  field  1  on  June  2,  1930.  A  rain  of  0.29  inch  had  fallen  over  the 
Tajique  Canyon  locality  on  May  31,  wliich  stimulated  these  few 
beetles  to  emerge.  There  were  general  increases  in  the  number  of 
beetles  from  June  2  to  11,  when  34  insects  were  noted  in  the  field. 
On  the  latter  date  0.01  inch  of  rain  fell,  and  the  number  of  beetles 
increased  from  34  to  56  by  June  13.  On  June  16,  0.07  inch  of  rain 
fell  over  the  drainage  area  of  this  canyon  and  stimulated  emergence, 
with  the  result  that  the  number  of  overwintered  beetles  increased 
from  56  on  June  13  to  135  on  June  16,  and  from  249  on  June  18  to 
390  on  June  20.  From  June  20  to  July  3  there  was  only  a  gradual 
increase  in  the  infestation.  At  times  the  number  of  beetles  migrating 
out  of  the  field  on  down  the  canyon  was  greater  than  the  number  of 
beetles  entering  the  field.  The  0.24  inch  of  rain  on  July  4  stimulated 
a  large  number  of  beetles  to  leave  their  winter  quarters  for  the  fields. 
The  number  of  overwintered  beetles  increased  from  612  on  July  3  to 
3,840  on  July  5,  when  the  peak  was  reached.  This  number  taxed  the 
small  plants  to  their  capacity,  and  there  was  a  rapid  decrease  in  the 
number  of  beetles. 

Figure  13  shows  that  the  initial  infestation  of  overwintered  beetles 
in  field  2  increased  from  7  on  June  16,  1930,  to  144  on  June  18,  and 
from  280  on  June  27  to  796  on  July  1.  Showers  fell  in  the  canyons 
from  July  2  to  5,  inclusive,  and  were  followed  by  a  rapid  increase  in 
the  number  of  beetles  that  entered  the  field.  The  number  of  beetles 
increased  from  763  on  July  3  to  1,604  on  July  5  and  to  3,627  on  July 
8.  From  July  8  to  12,  inclusive,  there  was  little  change  in  the  infes- 
tation. On  July  15  heavy  rains  fell  over  the  foothills,  with  the  result 
that  an  increase  in  infestation  was  noted.  The  peak  was  reached  on 
July  16,  when  4,381  beetles  were  recorded.  This  large  number  soon 
depleted  the  bean  foliage  and  a  comparatively  rapid  decrease  in  the 
number  of  overwintered  beetles  followed. 

An  examination  of  figures  12  and  13  will  show  that  very  few  beetles 
entered  the  fields  during  the  last  10  days  of  June,  when  the  highest 
temperatures  occurred,  and  that  the  excessive  population  of  over- 
wintered beetles  lasted  for  only  a  short  time.  In  field  1  the  intensive 
infestation  covered  4  days  only,  from  July  5  to  8,  inclusive,  whereas 
in  field  2  a  12-day  period  of  heavy  infestation  occurred  from  July  8 
to  19,  inclusive,  as  illustrated  in  figure  13.  Thus  the  beginning  and 
the  intensity  of  infestation  of  overwintered  beetles  vary  slightly  in 
different  locations. 
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Figure  14  shows  the  maximum  number  of  overwintered  beetles  on 
a  K-acre  field  in  the  foothills  during  the  seasons  from  1924  to  1930, 
inclusive.  There  were  very  few  beetles  during  the  period  from  1924 
to  1927,  inclusive,  and  following  this  period  there  was  a  great  increase 
each  year  in  the  number  of  overwintered  beetles  in  the  field.     This 
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Figure  12.— Graph  showing  the  number  of  overwintered  Mexican  bean  beetles  counted  on  one  third  acre 
in  field  1  during  193u,  with  temperature  and  precipitation  for  the  period. 

shows  the  rapidity  with  which  this  insect  can  multiply  when  condi- 
tions permit,  even  after  several  seasons  of  adverse  weather  conditions. 
Flight  tests  conducted  with  marked  beetles  over  a  period  of  several 
years  showed  that  the  insects  fly  either  up  or  down  the  canyons  with 
the  prevailing  winds  and  that  they  use  the  canyons  as  migration  paths, 
both  in  entering  and  emerging  from  hibernation.     In  general,  during 
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the  dissemination  of  the  beetles  from  hibernation,  the  air  currents 
are  fiowing  down  the  canyons  and  arroyos  out  into  the  valley,  owing 
to  the  greater  density  of  the  cool  air  of  the  mountains  which  is  replac- 
ing the  warmer  air  of  the  valleys.     The  heaviest  infestation  is  found 
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Figure  13.— Graph  showing  the  number  of  Mexican  bean  beetles  on  1,200  feet  of  row  in  field  2  during  1930, 
with  temperature  and  precipitation  for  the  period. 


in  fields  located  in  canyons  and  arroyos,  and  the  infestation  decreases 
as  the  distance  from  the  hibernation  quarters  increases. 

The  number  of  beetles  varies  from  field  to  field,  depending  upon  a 
number  of  ph3^sical  factors,  such  as  location,  slope,  air  currents,  type 
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of  soil,  size  of  field,  and  condition  of  plants  during  the  spring  migra- 
tion period.  It  has  been  noted  for  a  number  of  years  that  beetles 
are  more  numerous,  and  therefore  more  destructive,  on  plantings  on 
sandy  soil  than  on  those  on  heavier  soils,  even  though  the  plantings 
were  made  at  the  same  time  and  in  the  same  community.  The  sandy 
soils  warm  up  earlier  in  the  spring  and  maintain  a  higher  temperature 
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Figure  14.— Graph  showing  the  maximum  numbers  of  overwintered  beetles  on  a  H-acre  field  in  the  foot- 
hills from  1924  to  1930,  inclusive. 


than  heavy  soils.  Therefore  the  seed  germinates  faster,  and  the  plants 
make  a  quicker  growth  early  in  the  season  and  are  larger  and  more 
attractive  at  the  time  the  spring  migration  occurs  than  are  the 
plants  grown  on  heavier  types  of  soil.  This  insect  prefers  vigorous 
and  rapid-growing  plants  on  which  to  feed  and  lay  its  eggs  and  will 
avoid  dwarf  and  stunted  plants,  as  they  afford  very  little  protection. 


THE    MEXICAN    liEAX    BEETLE    IX    NEW    MEXICO 


19 


PERIOD  BETWEEN  EMERGENCE 
FROM  HIBERNATION  AND  OVI- 
POSITION 

Tho  i^oriod  between  emergence 
from  hihc Illation  and  oviposition  is 
greiiter  in  the  case  of  females  which 
emerge  early  than  in  the  case  of  those 
wliK  h  issue  later  in  the  season.  Fig- 
ure 1.'),  illustrating  the  rate  of  egg- 
m.i ss  deposition  of  18  females  that 
(iiKMUod  on  July  1,  shows  that  7  days 
was  the  minimum  and  13  days  was 
the  maximum  period,  the  average 
being  10  (9.9)  days. 

OVIPOSITION 

Figure  15  shows  that  the  shortest 
oviposition  period,  as  ascertained 
from  observation  of  18  females,  was 
18  days  and  that  the  longest  period 
was  76  days,  the  average  being  51 
days.  This  figure  shows  that  very 
few  egg  masses  were  deposited  after 
August  28.  The  interval  between 
deposition  of  egg  masses  ranged  from 
1  to  12  days,  with  an  average  of  3.2 
days  between  masses,  while  the  aver- 
age for  each  individual  female  ranged 
from  2.34  to  4.25  days.  The  num- 
ber of  egg  masses  deposited  per 
female  ranged  from  5  to  26,  the  aver- 
age being  16.9.  As  it  has  been  found 
that  the  average  number  of  eggs  per 
mass  is  53,  the  average  number  of 
eggs  deposited  per  female  is  about 
900. 

DEVELOPMENTAL  PERIOD 

INCUBATION  PERIOD 

Temperature  greatly  influences  the 
duration  of  the  incubation  period  of 
the  Mexican  bean  beetle,  as  is  shown 
in  figure  16.  The  incubation  period 
in  Estancia  Valley  ranged  from  7  to 
20  davs,  with  the  temperature  aver- 
agingfrom  56°  to  76°  F.  The  greater 
number  of  eggs  hatch  in  from  8  to 
10  days  in  summer,  and  as  cool 
weather  approaches  the  period  is 
prolonged. 
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Figure  15.— Dates  of  egR-mass  deposition  by 
18  mated  females  of  the  Mexit-an  l)ean  beetle 
that  emerged  from  hil;ernation  on  July  1. 
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LARVAL  PERIOD 


During  the  summer  the  larval  period  ranges  in  length  from  21  to 
27  days,  depending  upon  the  temperature  and  the  abundance   of 
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Figure  1&.— Relation  of  length  of  incubation  period  of  the  Mexican  bean  beetle  to  temperature,  Estancia, 
N.Mex.    The  figures  in  the  circles  represent  the  number  of  cases. 

favorable  food,  as  shown  in  table  4.  Either  a  deficient  food  supply 
or  low  temperatures,  as  experienced  during  the  latter  part  of  the 
growing  season,  will  prolong  the  developmental  period  of  the  larva. 
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Table  4. — Developmental  period  of  the  Mexican  bean  beetle  in  Estancia,  N^.Mex. 


Experiment  no. 

Date 

eggs 
were  de- 
posited 

Incu- 
bation 
period 

Duration  of  larval  instars 

Pupa- 
tion 
period 

Date  of 
emer- 
gence 

De- 
velop- 
mental 
period 

Mean 
tem- 

First 

Second 

Third 

Fourth 

pera- 
ture 

June  29 
July     1 
July     2 
July   12 
July   14 
July   24 
July  27 
Aug.     8 
Aug.  10 
Aug.  14 

Days 

9 
9 
8 
9 
8 
10 
11 
10 
10 
10 

Days 

7 

6 
C 
6 
6 

Days 
3 
3 
3 
4 
4 
4 
4 
5 
5 
4 

Days 

5 
5 
5 
7 

4 

I 

6 
6 

Days 
8 
9 
10 
9 
8 
9 
9 
10 
10 
10 

Days 
10 
10 
9 
8 
9 
10 
10 
10 
10 
12 

Aug.    8 
Aug.  12 
Aug.  13 
Aug.  23 
Aug.  26 
Sept.    6 
Sept.  10 
Sept.  23 
Sept.  26 
Oct.     1 

Days 
40 
42 
42 
42 
43 
44 
45 
46 
47 
48 

71  2 

71  0 

70  9 

70.1 

68  0 

66  9 

66.1 

65  4 

64  5 

10- 

63  8 

PUPAL  PERIOD 

The  length  of  the  pupal  period  ranges  from  8  to  10  days  during 
the  summer  and  increases  as  the  temperature  decreases  in  the  fall,  as 
shown  in  table  4. 

ENTIRE  PERIOD 

The  influence  of  temperature  on  the  entire  development  period  from 
egg  to  adult  is  shown  in  figure  17. 
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Figure  17.— Influence  of  temperature  on  the  developmental  period  of  the  Mexican  bean  beetle.  Tht 
figures  in  the  circles  show  the  number  of  egg  masses  that  were  reared  from  egg  to  adult  in  the  number  of 
days  given  and  at  the  mean  temperature  given. 

SEASONAL  HISTORY 

The  seasonal  history  of  the  bean  beetle  for  1930,  as  illustrated  in 
figure  18,  was  determined  from  records  on  emergence  from  hiberna- 
tion, appearance  in  the  fields,  and  the  life  history  throughout  the 
season.  The  seasonal  history  varies  from  season  to  season,  depending 
on  the  time  and  intensity  of  emergence  from  hibernation  and  the 
appearance  of  the  beetles  in  the  field,  as  well  as  on  other  factors. 
The  time  and  intensity  of  the  early  summer  rains  are  governing 
factors  in  the  seasonal  history.  A  season  that  is  favorable  for  the 
growth  and  production  of  beans  is  also  favorable  for  the  development 
of  this  insect.    A  good  example  was  the  season  of  1929.    Conversely, 
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unfavorable  seasons  for  the  production  of  beans  are  unfavorable  for 
the  development  of  the  insect.  An  example  of  this  type  of  season 
was  that  of  1930,  when  literally  millions  of  larvae  died  from  lack  of 
food  during  the  latter  part  of  the  season.  Plants  made  good  growth 
during  July,  and  development  was  accelerated;  but  the  drought  of 
August  and  September  checked  the  grow^th  and  permitted  the  larvae 
to  consume  the  foliage  before  a  large  number  of  them  had  matured, 
with  the  result  that  they  starved  and  those  that  had  pupated  were 
exposed  to  excessive  detrimental  temperatures. 
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Figure  18.— Seasonal  history  of  the  Mexican  bean  beetle  in  Estancia  Valley,  N.Mex.,  in  1930,  as  deter- 
mined by  field  observations  and  infestation  counts. 


The  number  of  beetles  entering  hibernation  in  the  fall,  the  num- 
ber that  successfully  overwinter,  and  the  time  and  percentage  of 
emergence  from  hibernation  are  important  factors  in  commercial 
production  of  beans  in  areas  where  this  insect  is  an  important  eco- 
nomic factor.  There  are  eight  possible  combinations  which  may  be 
encountered:  (1)  A  large  number  of  beetles  entering  hibernation 
and  successfully  overwintering,  with  early  emergence  from  hiberna- 
tion; (2)  duplication  of  the  first  case,  but  with  late  emergence  from 
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hibernation;  (3)  a  large  number  of  beetles  entering  hibernation,  and 
early  emergence,  but  with  a  high  mortality  in  hibernation;  (4)  dupli- 
cation of  the  third  case,  but  with  late  emergence  from  hibernation; 
(5)  a  small  number  of  beetles  entering  hibernation  and  successfully 
overwintering  and  emerging  early  from  hibernation;  (6)  duplication 
of  the  fifth  case,  but  with  a  high  mortality  in  hibernation;  (7)  duplica- 
tion of  the  fifth  case,  except  for  late  emergence  from  hibernation; 
(8)  duplication  of  the  fifth  case,  except  for  high  mortality  in  hiberna- 
tion and  late  emergence  from  hibernation.  Obviously  the  first  case 
is  the  most  threatening  and  the  eight^i  is  the  least. 

NATURAL  CONTROL 

NATURAL  ENEMIES 

It  is  a  well-known  fact  that  the  bean  beetle  has  no  native  parasite 
of  importance  to  hold  it  in  check.  Its  habit  of  remaining  in  hiberna- 
tion until  late  in  the  season  may  aid  in  protecting  it  from  parasites 
in  New  Mexico.  A  tachinid  fly,  Nemorilla  maculosa  Meig.,^  was 
reared  from  parasitized  bean-beetle  larvae  collected  in  the  Rio 
Grande  Valley  near  Albuquerque,  N.Mex.  A  beetle,  Collops  bipunc- 
tatus  Say,^  of  the  family  Melyridae,  has  been  noted  feeding  on  eggs 
of  the  bean  beetle  in  the  fields.  Laboratory  tests  confirm  the  field 
observations. 

Turkeys  have  been  observed  feeding  on  beetles  in  the  field. 

EFFECT  OF  METEOROLOGICAL  FACTORS  IN  SUMMER 

Drought  periods  accompanied  by  dry  winds  often  occur  in  June, 
decreasing  the  soil  moisture  and  desiccating  the  plants,  with  the 
result  that  the  bean  leaves  are  turned  up  vertically  to  the  sun,  expos- 
ing the  eggs  and  young  larvae  to  high  temperatures.  Such  periods  are 
noticeably  detrimental  to  the  eggs  and  cause  them  to  diy  and  collapse. 
Only  during  such  periods  are  the  common  thrips,  Frankliniella  tritici 
Fitch,  very  numerous,  and  they  are  found  primarily  on  the  leaf  in 
and  about  the  egg  masses.  Their  feeding  on  the  leaf  around  the  base 
of  the  egg  mass  results  in  the  drying  of  the  leaf  in  that  area.  This 
portion  turns  whitish,  and  the  injury  to  the  leaf  is  no  doubt  a  factor 
in  causing  the  egg  masses  to  fall  oft".  During  the  season  of  1928  the 
first  egg  mass  was  noted  in  the  fields  on  June  15,  and  the  first  larva 
hatched  on  July  12,  or  27  days  later.  All  of  the  egg  masses  up  to 
approximately  this  time  had  either  collapsed  or  fallen  to  the  ground, 
as  no  rain  fell  during  this  period  until  July  10.  The  Tajique  weather 
station  registered  one  of  the  driest  Junes  of  record,  as  only  a  trace 
of  precipitation  was  recorded  for  the  month.  During  that  period 
thrips  were  very  numerous.  The  specific  effect  the  thrips  has  on  eggs 
is  not  known,  and  future  investigations  will  have  to  ascertain  their 
role  in  the  collapsing  and  falling  of  eggs. 

It  has  been  noted  that  hard  rains  will  knock  beetles  off  the  plants 
and  that  they  will  become  stiick  in  the  mud  on  their  backs.  During 
July  1930,  122  beetles  were  found  stuck  in  the  mud.  Some  of  these 
are  preyed  upon  by  ground  beetles  (Carabidae),  and  many  others  are 
killed  by  exposure  to  high  temperatures.  In  several  instances  the 
writer  has  noted  mud-imprisoned  females  laying  eggs. 

*  Determined  by  J.  M.  Aldricb.  «  Determined  by  E.  U.  Chapin. 
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ARTIFICIAL  CONTROL 


CONTROL  EXPERIMENTS  IN  1929 


GENERAL    CONDITIONS 


Experimental  work  in  1929  was  carried  out  on  the  Glover  ranch, 
located  about  4  miles  northwest  of  Tajique  in  the  foothill  region  of  the 
Estancia  Valley  at  an  elevation  of  7,200  feet.  The  ranch  is  situated 
near  the  lower  border  of  the  yellow  pine  forest  zone,  where  the  yellow 
pine  and  pinyon  forest  zones  dovetail  into  each  other  on  account  of 
topography  and  slope  exposure,  and  lies  just  east  of  the  Manzano 
National  Forest. 

The  location  of  the  ranch  is  ideal  for  heavy  infestation,  as  excellent 
hibernation  quarters  for  bean  beetles  are  found  in  the  forest  adjoining 
the  ranch.  The  Canyon  de  los  Migos  runs  through  the  ranch  and 
affords  the  emerging  beetles  a  migration  path,  since  this  insect  follows 
the  wind  currents  down  the  canyons  to  the  bean  fields. 

The  peak  of  overwintered-beetle  infestation  was  reached  on  July  14, 
when  1,114  adults  were  noted  on  1,200  feet  of  row.  Following  a 
rather  heavy  initial  infestation,  the  weather  conditions  in  1929  proved 
to  be  favorable  for  both  beetles  and  beans. 


PROCEDURE 


Plots  were  laid  out  and  staked  off  some  time  before  the  first  treat- 
ments would  be  due.  Check,  or  untreated,  plots  consisted  of  12  rows 
and  the  treated  plots  of  32  rows.  The  arsenicals  were  applied  un- 
diluted, that  is,  without  a  carrier.  Sodium  fluosilicate  was  diluted 
with  hydrated  lime  and  with  superfine  dusting  sulphur,  1  to  2  by 
weight,  a  few  days  before  the  first  application  was  made.  The 
materials  were  weighed  out  and  then  mixed  in  a  baker's  sifter  and 
mixer  for  20  minutes  at  60  revolutions  per  minute.  After  the  ma- 
terials had  been  mixed  they  were  stored  in  tins  with  tight-fitting  tops 
until  used. 


Table  5. 


. —  Temperature  and  precipitation  recorded  at  Tajique,  N.Mex.,  elevation 
7 ,100  feet,  during  the  control-experiment  period  of  1929 


Temperature 

Precipi- 
tation 

Date 

Temperature 

Precipi- 
tation 

Date 

Maxi- 
mum 

Mini- 
mum 

Mean 

Range 

Maxi- 
mum 

Mini- 
mum 

Mean 

Range 

July   15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Aue;.     1 

2 

3 

4 

5 

6 

°  F. 
75 
78 
80 
77 
70 
76 
75 
73 
77 
76 

73 
75 
64 
57 
64 
69 
72 
76 
68 
69 
73 
73 

°  F. 
58 
68 
63 
65 
52 
66 
63 
51 
61 
54 
63 
67 
52 
62 
51 
52 
60 
53 
51 
52 
51 
65 
53 

66.5 

68 

66.5 

66 

61 

66 

64 

62 

64 

65 

61 

66 

63.5 

58 

54 

58 

59.  5 

62.  5 

63.5 

60 

60 

64 

63 

°  F. 
17 
20 
27 
22 
18 
20 
22 
22 
26 
22 
16 
16 
23 
12 
6 
12 
19 
19 
25 
16 
18 
18 
20 

Inches 

"""o."34' 
.05 
.52 

""".'05' 
L20 
.02 

.57 
.51 

"""i"t" 
.03 
.13 

Aug.     7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

op 

61 
63 
63 
62 
62 
63 
70 
71 
72 
72 
73 
73 
74 
72 
70 
73 
70 
74 
73 
71 
73 
74 

°  F. 
65 
50 
52 
52 
52 
52 
47 
47 
48 
48 
47 
49 
49 
42 
44 
47 
53 
54 
53 
52 
47 
50 

op 

58 

56.5 

57.5 

57 

57 

57.5 

58.5 

59 

60 

60 

60 

61 

6L5 

57 

57 

60 

61.5 

64 

63 

61.5 

60 

62 

op 

6 
13 
11 
10 
10 
11 
23 
24 
24 
24 
26 
24 
25 
30 
26 
26 
17 
20 
20 
19 
26 
24 

Inches 
0.80 
.70 
.90 
.39 
.92 
.11 

.'14 

i't 
.09 
IT 

."05 

.'20 
.21 
.02 
.03 

Trace. 
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The  applications  were  made  with  a  4-row,  8-nozzle,  heavy-duty 
traction  duster,  equipped  with  hean-heetle  attachments. 

The  weather  data  for  the  control  period  were  recorded  by  Mr. 
Glover,  a  cooperative  Weather  Bureau  observer  (table  5).  The 
atmometer  readings  were  those  recorded  from  set-ups  located  on  the 
edge  of  the  field  (table  6). 


Table  6. — Evaporation  (cubic  centimeters)  registered  at  Tajique,  N.Mex., 
7,200  feet,  during  the  control  period  of  1929 

elevation 

Evaporation 

For  week  ended— 

Evaporation 

For  week  ended— 

Black 
sphere 

White 
sphere 

Differ- 
ence 

Black 
sphere 

White 
sphere 

Differ- 
ence 

July  15 

274.7 
374.4 
217.9 
195.8 

170.3 
243.3 
124.4 
109.9 

104.4 
131.1 
93.5 
85.9 

Aug.  12 

128.0 
328.0 
278.7 

69.0 
199.2 
167.7 

59.0 

July  22 

Aug.  19 

128  8 

July  29 

Aug.  26 

111.0 

Aug.  5 

The  vields  given  in  the  1929  data  arc  those  of  the  cured  vines  and 
not  of  ^ried  shelled  beans.  A  pile  row  consisting  of  six  rows  of  beans 
through  each  plot  was  weighed.  This  gave  the  w^eight  of  one  half  of 
the  check,  or  untreated,  plots,  and  three  sixteenths  of  the  treated  plots. 
In  the  Estancia  Valley  the  general  practice  is  to  figure  the  ratio  of 
beans  to  vines  as  40  percent  beans  to  60  percent  vines.  This  estimate 
was  determined  by  farmers  w^ho  sold  by  weight  their  entire  bean  hulls 
to  cattlemen.  To  be  conservative,  the  yield  of  dry  beans  has  been 
figured  at  one  third.  By  this  method,  of  course,  the  vines  and  culled 
beans  were  weighed,  but  the  proportion  of  commercial  beans  was  not 
obtained. 

CONTROL  EXPERIMENTS  IN  1930 


GENERAL    CONDITIONS 


The  experimental  work  in  1930  was  carried  out  in  four  different 
localities,  two  in  the  foothills  and  two  in  the  valley.  Experiments 
Gl  to  G7,  inclusive,  were  conducted  on  the  Glover  ranch,  the  location 
of  which  has  been  discussed.  Experiment  T9  was  conducted  in  a 
field  in  Tajique  Canyon  at  an  elevation  of  6,850  feet,  near  the  low^er 
border  of  the  yellow  pine  forest  zone.  The  locations  of  these  experi- 
mental fields  w^ere  ideal  for  heavy  infestation,  as  excellent  hibernation 
quarters  for  the  bean  beetle  are  found  in  the  yellow  pine  forest  zone 
adjoining  the  fields. 

The  peak  of  the  overwintered-beetle  infestation  at  the  Glover  ranch 
was  reached  on  July  16,  when  4,381  beetles  were  recorded  on  1,200 
feet  of  row.  In  the  Tajique  Canyon  field  the  peak  was  reached  on 
July  5,  when  approximately  1,000  beetles  were  noted  on  1,200  feet 
of  row. 

The  field  on  which  experiment  L8  \yas  conducted  was  located  in 
Estancia,  and  the  field  on  which  experiments  BlO  to  Bl2,  inclusive, 
were  conducted  was  situated  on  the  south  slope  of  Arroyo  Mesteno, 
10  miles  southwest  of  Estancia.  Both  fields  were  irrigated,  and  the 
latter  field  was  planted  on  June  21,  which  is  rather  late  in  the  season 
for  valley  plantings.     This  was  no  doubt  a  factor  in  the  crop. 
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PROCEDURE 

The  procedure  of  laying  out  and  staking  off  the  plots  and  the  mixing 
of  the  materials  was  the  same  as  during  the  preceding  season,  except 
that  the  arsenicals  were  also  tested  with  the  addition  of  lime,  and 
sodium  fluosilicate  was  used  undiluted. 

The  applications  of  dust  to  experiments  Gl  to  G7  were  made  with  a 
5-row,  10-nozzle,  power  duster,  mounted  on  a  tractor.  Materials 
for  experiments  L  and  T  were  applied  with  a  hand  duster.  Experi- 
ments BlO  to  B12  were  dusted  with  a  4-row,  8-nozzle,  heavy-duty 
traction  crop  duster. 

The  weather  data  given  in  table  7  for  the  control  period  are  those 
recorded  near  Tajique  by  Mr.  Glover  and  at  the  laboratory  at 
Estancia.  The  atmometer  readings  given  in  table  8  are  those 
recorded  from  two  series  of  set-ups  near  the  two  weather  stations. 

Table  7. —  Temperature  and  precipitation  recorded  at  Tajique  and  Estancia, N.M ex., 
at  elevations  of  7,100  and  6,1.00  feet,  respectively,  during  the  control  period  of 
1930 


Tajique 

Estancia 

Temperature 

Temperature 

Date 

Precipi- 

Precipi- 

Maxi- 
mum 

Mini- 
mum 

Mean 

Range 

tation 

Maxi- 
mum 

Mini- 
mum 

Mean 

Range 

tation 

°  F. 

°  F. 

°  F. 

°  F. 

Inches 

°  F. 

°F. 

°  F. 

0  p 

Inches 

July  9 

74 

47 

60.5 

27 

0.02 

85 

54 

69.5 

31 

0 

10 

76 

47 

61.5 

29 

.20 

83 

48 

65.5 

35 

.05 

11 

75 

52 

63.5 

23 

.04 

84 

58 

71 

26 

0 

12 

79 

59 

69 

20 

.19 

87 

56 

71.5 

31 

.19 

13 

76 

57 

66.5 

19 

0 

92 

56 

74 

36 

.21 

14 

66 

50 

58 

16 

.18 

84 

55 

69.5 

29 

1.48 

15 

68 

52 

60 

16 

1.20 

77 

58 

67.5 

19 

.15 

16 

75 

48 

61.5 

27 

.67 

79 

54 

06.  5 

25 

0 

17 

76 

49 

62.5 

27 

IT. 

•  87 

56 

71.5 

31 

0 

18 

76 

49 

62.5 

27 

T. 

89 

59 

74 

30 

0 

19 

76 

51 

63.5 

25 

0 

89 

54 

71.5 

35 

0 

20 

73 

53 

63 

20 

.23 

89 

54 

71.5 

35 

.05 

21 

65 

52 

58.5 

13 

.55 

85 

57 

71 

28 

.28 

22 

57 

49 

53 

8 

1.89 

71 

55 

63 

16 

.73 

23 

64 

50 

57 

14 

.15 

61 

56 

58.5 

5 

.39 

21 

79 

46 

62.5 

33 

.45 

77 

55 

66 

22 

1.07 

25 

66 

51 

58.5 

15 

.41 

78 

58 

68 

20 

.10 

26 

71 

50 

60.5 

21 

0 

75 

57 

66 

18 

T. 

27 

73 

53 

63 

20 

.09 

82 

54 

68 

28 

.02 

28 

72 

56 

64 

16 

0 

87 

54 

70.5 

33 

0 

29 

70 

52 

61 

18 

0 

83 

56 

69.5 

27 

0 

30 

72 

54 

63 

18 

.02 

81 

59 

70 

22 

T. 

31 

72 

59 

65.5 

13 

0 

84 

58 

71 

26 

0 

Aug.  1 

74 

49 

61.5 

25 

0 

82 

57 

69.5 

25 

0 

2 

.  76 

50 

63 

26 

0 

86 

52 

69 

34 

0 

3 

78 

54 

66 

24 

.10 

87 

57 

72 

30 

0 

4 

79 

50 

64.5 

29 

T. 

89 

51 

70 

38 

0 

5 

76 

50 

63 

26 

T. 

91 

55 

73 

36 

T. 

.  6 

69 

48 

58.5 

21 

.31 

86 

52 

69 

34 

.03 

7 

66 

47 

56.5 

19 

.  0 

79 

50 

64.5 

29 

.03 

8 

63 

49 

56 

14 

.20 

75 

56 

05.5 

19 

0 

9 

68 

48 

58 

20 

0 

70 

57 

63.5 

13 

.70 

10 

68 

47 

57.5 

21 

.36 

77 

57 

67 

20 

0 

11 

67 

51 

59 

16 

.06 

79 

50 

64.5 

29 

0 

12 

70 

45 

57.5 

25 

T. 

82 

49 

65.5 

33 

0 

13 

71 

46 

58.5 

25 

.03 

81 

50 

65.5 

31 

0 

14 

73 

46 

59 

28 

0 

80 

51 

65.5 

29 

0 

15 

73 

43 

58 

30 

0 

81 

47 

64 

34 

0 

16 

76 

44 

60 

32 

0 

85 

45 

65 

40 

0 

17 

77 

45 

61 

32 

T. 

86 

47 

C6.  5 

39 

0 

18 

78 

46 

62 

32 

0 

88 

49 

68.5 

39 

0 

19 

80 

48 

64 

32 

0 

89 

46 

67.5 

43 

0 

20 

82 

47 

64.5 

35 

0 

89 

44 

66.5 

45 

0 

21 

82 

47 

64.5 

35 

T. 

95 

.50 

72.5 

45 

0 

22 

82 

54 

68 

28 

0 

95 

57 

76 

38 

T. 

23 

77 

47 

62 

30 

0 

90 

56 

73 

34 

0 

24 

79 

46 

62.5 

33 

.30 

87 

51 

69 

36 

0 

Trace. 
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Table  8. — Evaporation  (cubic  centimeters)  registered  at  Tajique  and  Estancia, 
N.Mex.,  at  elevations  of  7,200  and  6,100  feet,  respectively,  during  the  control 
period  of  1930 


For  week  ended— 


July  7-. 
July  14. 
July  21. 
July  28. 
Aug.  4. 
Aug.  11 
Aug.  18 
Aug.  25 


Tajiqu3 


Evaporation 


Black 
sphere 


523.9 
426.0 
252.3 
166.3 
327.1 
237.6 

mi 


White 
sphere 


321.7 
165.1 
99.5 
226.6 
152.8 
253.9 
349.3 


Difler- 


114.1 
104.3 

87.2 
66.8 
100.5 
84.8 
115.4 
118.8 


Estancia 


Evaporation 


Black 
sphere 


605.6 
536.1 
375.  8 
203.4 
423.1 
271.0 
434.1 
524.1 


White 
sphere 


479.7 
396.9 
260.1 
117.6 
321.0 
185.  4 
324.6 
414.6 


Differ- 
ence 


125.9 
139.2 
115.7 

85.8 
102.1 

85.0 
109.5 
109.5 


DISCUSSION  OF  RESULTS 

The  insecticide  used,  date  of  application,  size  of  plot,  quantity  of 
materials  applied,  per-acre  application,  cost  per  application,  and  the 
cost  per  acre  are  given  in  tables  9  and  11  for  1929  and  1930,  respec- 
tively. 

Table  9. — Insecticides  used  and  costs  of  application  in  Mexican  bean  beetle  control 
in  the  Estancia  VaUey,  N.Mex.,  1929 


§ 

Insecticide  used 

Is 

©■•3 

Q 

5"^ 

Cost 

per  applica- 
tion 

Cost  per  acre 

t 

3 

ii 

S3 

1 

1 

Acres 

IM. 

Lbs. 

July 

15 

15.75 

9.55 

$1.58 

$0.25 

$1.83 

$0.96 

$0.15 

$1.11 

Gl 

Calcium    arsenate,    undi- 

1.65 

Uug. 

5 

14.75 

8.94 

1.48 

.25 

1.73 

.89 

.15 

1.04 

luted. 

Aug. 

16 

11.75 

7.12 

1.18 

.25 

1.43 

.71 

.15 

.86 

Julv 

15 

15.2.5 

9.24 

2.59 

.25 

2.84 

1.57 

.15 

1.72 

G2 

Lead  arsenate,  undiluted- . 

1.65 

•{Aug. 

5 

12.50 

7.58 

2.13 

.25 

2.38 

1.29 

.15 

1.44 

Aug. 

16 

10.25 

6.21 

1.74 

.25 

1.99 

1.06 

.15 

1.21 

Julv 

15 

13.50 

8.18 

2.77 

.25 

3.02 

1.68 

.15 

1.83 

G3 

Magnesium  arsenate,  un- 

1.65 

Uug. 

6 

16.  2.') 

9.85 

3.33 

.25 

3.58 

2.02 

.15 

2.17 

diluted.                • 

Aug. 

16 

9.2.5 

5.61 

1.90 

.25 

2.15 

1.15 

.15 

1.30 

Julv 

15 

11.25 

6.82 

2.03 

.25 

2.28 

1.23 

.15 

1.38 

G4 

Zinc  arsenite,  undiluted 

1.65 

Aug. 

5 

13.  75 

8.33 

2.47 

.25 

2.72 

1.50 

.15 

1.65 

Aug. 

16 

11.25 

6.82 

2.03 

.25 

2.28 

1.23 

.15 

1.38 

July 

16 

14.50 

9.06 

1.45 

.24 

1.69 

.91 

.15 

1.06 

G5 

Calcium    arsenate,    undi- 

1.60 

Mug. 

6 

15.25 

9.5:^ 

i.5:j 

.24 

1.77 

.95 

.15 

1.10 

luted. 

Aug. 

17 

12.25 

7.66 

1.23 

.24 

1.47 

.77 

.15 

.92 

IJuly 

16 

20.75 

12.97 

l.ll 

.24 

1.35 

.69 

.16 

.84 

G6 

Sodium  fluosilicate,  1  part 

1.60 

{Aug. 

6 

19.00 

11.88 

1.01 

.24 

1.25 

.63 

.15 

.78 

to  2  parts  of  lime. 

Uug. 

17 

19.50 

12.19 

1.04 

.24 

1.28 

.65 

.15 

.80 

ilJuly 

16 

30.50 

19.06 

2.44 

.24 

2.68 

1.52 

.15 

1.67 

G7 

Sodium  fluosilictite,  1  part 

1.60  l-^Aug. 

6 

29.50 

18.44 

2.36 

.24 

2.60 

1.48 

.15 

1.63 

to  2  parts  of  sulphur. 

!  Aug. 

17 

34.50 

21.56 

2.76 

.24 

3.00 

1.72 

.15 

1.87 
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Table  10. — Summary  of  financiac  returns  from  the  use  of  various  insecticides  on 
beans  infested  with  the  Mexican  bean  beetle  in  tJie  Estancia  Valley,  N.Mex.,  1929 


Exper- 
iment 
no. 

Insecticide  used 

Area 

of 

plot 

Yield 
per 
plot 

Yield 
per 
acre 

Differ- 
ence 
per 
acre  be- 
tween 

un- 
treated 

and 
treated 
plots  1 

Crop 
in- 
crease 

Value 
of  in- 
creased 
yield 
per 
acre  2 

Cost  of 
treat- 
ment 
per 
acre 

Net  in- 
creased 
return 
per 
acre 

Control  or  untreated . ,  _  

Acres 

0.62 

1.65 

.62 
1.65 

.62 
1.65 

.62 
1.65 

.60 
1.60 

.60 
1.60 

1.60 

.60 

Pounds 
1,947 
6,202 
1,663 
5,275 
1,  585 
4,560 

1,425 
4,447 
1,206 
4,885 
1,250 
2,365 

2,423 

545 

Pounds 
3,140 
3,759 
2,682 
3,197 
2,556 
2,764 

2.298 

2;010 
3,a53 
2,083 

1,478 

1,514 
908 

Pounds 

Per- 
cent 

Dollars 

Dollars 

Dollars 

Ol 

Calcium  arsenate,  undiluted.  . 
Control  or  untreated 

848 

29.13 

15.55 

3.01 

12.54 

G2..... 

Lead  arsenate,  undiluted 

Control  or  untreated 

578 

22.07 

10.60 

4.37 

6.23 

G3— .. 

Magnesium     arsenate,    undi- 
luted. 

Control  or  untreated 

Zinc  arsenite,  undiluted 

Control  or  untreated 

Calcium  arsenate,  undiluted-- 
Control  or  untreated -- 

337 

13.89 

6.18 

5.30 

.88 

04..— 

541 

25.  12 

9.92 

4.41 

5.51 

G5 

1,006 

49.17 

18.43 

3.08 

15.35 

Q6-.-. 
G7 

Sodium  fluosilicate,  1  part  to 

2  parts  lime. 
Sodium  fluosilicate,  1  part  to 

2  parts  sulphur. 
C  ontrol  or  untreated .  - . 

3  570 
3  606 

62.78 
66.74 

10.45 
11.11 

2.42 
5.17 

8.03 
5.94 

•  From  average  of  checks  on  both  sides. 

'  Beans  at  5  cents  per  pound  and  hulls  at  .$5  per  ton.     One  third  of  yield  was  figured  as  dry  beans. 
3  Difference  in  yield  per  acre  between  the  2  treated  plots  and  the  lowest  yielding  untreated  plot,  as  they 
received  1  less  cultivation  than  the  other  plots  on  account  of  rains. 


Table   11.- 


-Insecticides   used  and  costs   of  application  in   Mexican   bean  beetle 
control,  1930 


Insecticide  used 


03p 


Cost  per  applica- 
tion 


Cost  per  acre 


Gl.- 


G2. 


G3- 

G4. 

H5. 

G6. 

G7. 
L8. 


T9.. 
BIO- 
Bll. 
B12. 


Calcium  arsenate,  undilut- 
ed  


-do- 


.do. 


Lead  arsenate,  undiluted  . 

Magnesium  arsenate 

Sodium  fluosilicate 


Zinc  arsenite -. 

Lead  arsenate,  1  part  to  5 
parts  Hme 


Calcium  arsenate,  1  part  to 

5  parts  lime 

Calcium  arsenate,  1  part  to 

3  parts  lime 

Magnesium  arsenate,  1  part 

to  3  parts  lime 

Zinc  arsenite,  1  part  to  3 

parts  lime 


Acres 

5.22 

7.84 

5.16 
3.46 
4.00 
4.00 
5.32 

.40 

.30 
7.86 
7.63 
7.63 


(July  9 

Uuly  29 

[Aug.  13 

(July  10 

Uuly  30 

[Aug.  13 

/Aug.  1 

\Aug.  14 

/Aug.  1 

\Aug.  14 

/Aug.  1 

\Aug.  14 

/Aug.  1 

\Aug.  14 

/Aug.  1 

I  Aug.  14 

July  14 

July  19 

Aug.  2 

Aug.  3 

fAug.  10 

\Aug.  16 

/Aug.  11 

\Aug.  16 

/Aug.  11 

\Aug.  17 


Lbs. 
22.0 
30.0 
29.0 
28.0 
35.0 
32.0 
25.0 
21.5 
13.0 
12.0 
29.0 
24.5 
27.0 
25.0 
21.0 
20.0 
7.0 
9.0 
8.0 

6.0 
96.0 
96.0 
80.0 
80.0 
96.0 
96.0 


Lbs. 
4.2 
5.7 
5.6 
3.6 
4.5 
4.1 
4.8 
4.2 
3.8 
3.5 
7.3 
6.1 
6.8 
6.3 
3.9 
3.8 
17.5 
22.5 
20.0 

20.0 
12.2 
12.2 
10.5 
10.5 
12.6 
12.6 


$2.20 
3.00 
2.90 
2.80 
3.50 
3.20 
2.50 
2.15 
2.21 
2.04 
5.95 
5.02 
3.24 
3.00 
3.78 
3.60 
.32 
.41 
.36 

.20 
3.84 
3.84 
5.30 
5.30 
5.76 
5.76 


$0.63 
163 
.63 


.94 
.62 
.62 
.42 
.42 
.48 
.48 
.48 
.48 
.40 
.40 
.30 
.30 
.30 

.23 
1.18 
1.18 
1.14 
1.14 
1.14 
1.14 


$2.83 
3.63 
3.53 
3.74 
4.44 
4.14 
3.12 
2.77 
2.63 
2.46 
6.43 
5.50 
3.72 
3.48 
4.18 
4.00 
.62 
.71 


.43 
5.02 
5.02 
6.44 
6.44 


$0.42 
.57 
.56 
.36 
.45 
.41 
.48 
.42 


1.60 
1.25 
.81 
.76 
.71 
.68 
.80 
1.02 
.90 

.67 
.49 
.49 


.90 


.75 
.75  i 


$0.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.75 
.75 
.75 

.75 
.15 
.15 
.15 
.15 
15 
15 


$0.54 

!68 
.48 
.57 
.53 
.60 
.54 
.76 
.72 
1.62 
1.37 
.93 
.87 
.83 
.80 
1.55 
1.77 
1.65 

1.42 
.64 
.64 

.84 
.84 
.90 
.90 
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Tho  insecticide  used,  area  of  plot  liar 


l)er  plot  and  pel'  acre,  percentage  incrcn 
)lei 


("d  for  yield  records,  yield 
I  id  the  value  of  increased 
yield  are  given  in  tables  10  and  12  for  1U2D  and  1930,  respectively. 
The  yields  per  acre  are  illustrated  in  figure  19  for  1929  and  in  figures 
20  and  21  for  1930. 

The  tables  and  figures  are  self-explanatory  as  far  as  actual  data 
are  concerned,  but  other  important  factors  should  be  considered  before 
conclusions  are  drawn.  The  value  of  the  crop  and  the  cost  of  treatment 
in  1930  were  both  about  half  what  they  were  in  1929.  In  1930  the 
value  of  the  hulls  was  not  included  in  the  reckoning.    At  the  prices 
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Figure  19.— Comparative  yield  per  acre  of  unthreshed  bean  vines  produced  on  treated  and  untreated  plots 
m  the  Estancia  Valley,  N.Mex.,  m  1929. 

shown  for  1929  the  hulls  were  counted  as  worth  just  one  tenth  as 
much  as  the  cleaned  beans  from  the  same  plot. 

During  the  season  of  1929  the  yield  of  the  magnesium-arsenate 
plot  was  probably  reduced  at  least  200  pounds  by  a  severe  attack 
of  bacterial  blight  {Pseudomonas  phaseoli)  during  the  first  part  of 
September.  Light  attacks  of  bacterial  blight  and  rust  (Uromyces 
a'p'pendicuiatus)  were  noted  on  the  other  arsenical  plots.  These  two 
diseases  were  not  noted  on  the  sodium  fluosilicate  plots,  probably 
because  of  defoliation  by  the  bean  beetle  before  the  disease  became 
general.    On  September  17  the  untreated  plots  were  completely  de- 
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foliated,  while  the  sodium  fluosilicate  plots  showed  90  percent  defoli- 
ation, and  the  beetles  were  feeding  on  the  green  pods.  Leaves  on  the 
plots  treated  with  arsenicals  were  green,  and  beetles  from  devasted 
and  harvested  fields  lower  down  the  canyon  were  entering  the  plots 
in  large  numbers.  In  general,  calcium  arsenate  gave  the  greatest 
protection  to  the  foliage  for  the  longest  period  of  time.  Table  10 
shows  that  the  yield  of  the  sodium  fluosilicate  plots  was  greater  than 
that  of  one  untreated  plot  located  on  the  edge  of  the  field  nearest  the 
canyon,  where  it  received  a  very  heavy  infestation  of  overwintered 
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Figure  20.— Comparative  yield  per  acre  of  recleaned  beans  produced  on  treated  and  untreated  dry  farmed 
plots  in  the  Estancia  Valley,  N.Mex.,  in  1930. 


beetles.  Yet  an  examination  of  table  10  and  figure  19  will  show  that 
their  yields  were  far  less  than  those  of  the  remaining  untreated  plots. 
No  plant  diseases  were  encountered  during  the  season  of  1930,  and 
the  infestation  was  the  heaviest  ever  recorded.  The  increase  in 
yields  ranged  from  27.4  to  162.2  percent,  while  the  gain  or  loss  due  to 
control  measures  varied  from  a  loss  of  22  cents  to  a  gain  of  $13.98  to 
the  acre  (table  12).  The  greatest  returns  were  from  the  high- 
yielding  irrigated  plots,  as  shown  in  table  12,  experiment  L8,     These 
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plots  received  three  heavy  applications  of  lead  arsenate  diluted  with 
hydrated  lime  1  to  5  by  weight.  The  second  application  produced 
burning  of  the  foliage  and  stunting  of  the  plants  that  was  later  over- 
come during  favorable  weather.  Lead  arsenate  is  not  recommended 
for  the  following  reasons:  (1)  Its  cost;  (2)  its  toxic  effect  upon  bean 
plants,  especially  stunting;  and  (3)  its  poor  physical  properties  for 
dusting.  Special  attention  is  called  to  experiment  T9  (field  B,  fig. 
21),  in  which  only  one  application  of  calcium  arsenate  diluted  with 
hydrated  Ume  1  to  5  by  weight  was  applied  at  the  rate  of  20  pounds 
per  acre  just  as  the  first  larval  injury  was  showing  up  in  the  field. 
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FiouRE  21. — Comparative  yield  per  acre  of  recleaned  beans  produced  on  treated  and  untreated  plots  in 
the  Estancia  Valley,  N.Mex.,  in  1930:  A,  Irrigated;  B,  dry  farmed;  C,  late  planted  and  irrigated.  (See 
experiments  L,  T,  and  B,  table  12.) 

Successful  results  were  obtained  for  the  two  seasons  with  all  the 
arsenicals  tested,  and  in  interpreting  the  results  of  this  work  the 
number  of  treatments  and  the  per-acre  application  must  be  kept 
clearly  in  mind;  also  whether  the  field  was  irrigated  or  dry  farmed, 
the  percentage  increase  in  yield  over  the  untreated  plots,  and  the 
toxicity  to  foliage.  The  cost  of  the  arsenical  and  the  physical 
properties  of  the  insecticide  for  dusting  have  been  taken  into  consid- 
eration in  making  control  recommendations.  In  considering  all 
factors,  both  economic  and  insecticidal,  calcium  arsenate  has  given 
the  most  consistently  favorable  returns  per  acre  of  all  the  materials 
tested. 


32         TECHNICAL   BULLETIN    376,  U.S.  DEPT.  OF   AGRICULTURE 

Table  12. — Summary  of  financial  returns  from  the  use  of  various  insecticides  on 
beans  infested,  with  the  Mexican  bean  beetle  in  the  Estancia  Valley,  N.Mex., 
1930 


Ex- 
peri- 
ment 
no. 

Insecticide  used 

Area 

of 
plot' 

Yield 
plot  2 

Yield 

per 

acre  2 

Differ- 
ence 
per 
acre  be- 
tween 

un- 
treated 

and 

treated 

plots 

Crop 
in- 
crease 

Value 
of  in- 
creased 
yield  3 

Cost  of 
treat- 
ment 
per 
acre 

Net  in- 
crease 
(+)or 

de- 
crease 

(-) 

Gl 

Calcium  arsenate,  undiluted- 
Control  or  untreated 

Calcium  arsenate,  undiluted- 
Control  or  untreated 

Calcium  arsenate,  undiluted- 
Lead  arsenate,  undiluted 

Control  or  untreated 

Magnesium  arsenate 

Control  or  untreated 

Sodium  fluosilicate,  undilut- 
ed 

Acre 
0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

.30 
.30 
.0347 

.0347 
.0347 

.0461 

.0461 
.0461 

.294 

.294 
.294 

.294 

Pounds 
181.0 

69.0 
139.5 

78.0 
149.0 
151.0 

81.0 
145.5 

69.0 

88.0 
153.0 
51.8 

25.5 
49.5 

36.5 

21.5 
36.0 

168.0 

110.0 
148.0 

193.0 

Pounds 
603 
230 
465 
260 
497 
503 
270 
485 
230 

293 

510 

1,493 

735 

1,427 

792 

466 

781 

571 

374 
503 

656 

Pounds 
373 

Percent 
162.2 

Dollars 
9.33 

Dollars 
1.91 

Dollars 

+7.42 

G2 

205 

78.8 

5.13 

1.58 

+3.55 

G3 

G4 

237 
233 

91.2 
86.3 

5.93 
5.83 

1.14 
1.48 

+4.79 
+4.35 

G5 

<235 

94.0 

5.88 

2.99 

+2.89 

G6 

63 
280 

758 

27.4 
121.7 
103.1 

1.58 
7.00 
18.95 

1.80 
1.63 
4.97 

22 

G7 

+5.37 
+13.98 

L8 

Lead  arsenate,  1  part  to  5 

parts  lime. 

Control  or  untreated 

Lead  arsenate,  1  part  to  5 

parts  lime. 
Calcium  arsenate,  1  part  to 

5  parts  lime. 

Control  or  untreated 

Calcium  arsenate,  1  part  to 

5  parts  lime. 
Calcium  arsenate,  1  part  to 

3  parts  lime. 

Control  or  untreated 

Magnesium  arsenate,  1  part 

to  3  parts  lime. 
Zinc  arsenite,   1  part  to  3 

parts  lime. 

L8 

T9 

692 
326 

94.  1 
70.0 

17.30 
8.15 

4.97 
1.42 

+12.33 

+6.73 

T9 

BIO— - 

315 
197 

67.6 
52.7 

7.88 
4.93 

1.42 

1.28 

+6.46 
+3.65 

Bll..-. 
B12...- 

129 

282 

34.5 
75.4 

3.23 
7.05 

1.68 
1.80 

+1.55 
+5.25 

1  Area  of  plot  harvested,  t 
3  Figured  at  21-4  cents  per  p 

hreshed, 
ound. 

and  rec 

eaned. 
*  From  { 

iverage  c 

2  Reel 
f  checks 

eaned  b( 
on  both 

;ans. 
sides. 

The  value  of  control  measures  in  1930  is  illustrated  in  figure  22, 
which  shows  the  progress  of  defoliation  in  an  irrigated  field.  Dusting 
with  lead  arsenate  and  hydrated  lime  (1  to  5)  was  begun  on  July  14, 
when  155  overwintered  beetles,  on  an  average,  were  found  per  100 
feet  of  row.  Three  rows  were  left  untreated  as  a  check.  A  hard 
dashing  rain  fell  immediately  after  the  dust  had  been  applied,  so  the 
treatment  was  repeated  on  July  19,  but  this  was  followed  by  8  days 
of  rainy  weather,  as  shown  in  table  7.  This  application  resulted  in 
injury  to  the  foliage  and  stunting  of  the  plants.  The  third  applica- 
tion was  made  on  August  2.  Figure  23  illustrates  the  difference  in 
yield  between  the  treated  and  untreated  plants. 
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Figure  22.— Defoliation  of  bean  plants  by  the  Mexican  bean  beetle:  A,  Irrigated  field  early  in  the  season; 
B,  the  same  field  on  August  15  with  defoliation  showing  on  three  untreated  rows  in  the  center;  C,  the 
same  three  rows  later  in  the  season,  taken  from  the  other  end  showing  advanced  defoliation. 
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HOW  THE  COSTS  WERE  DETERMINED 

In  determining  the  cost  per  application  and  per  acre  in  1929  and 
1930,  tlie  following  cost  prices  were  used: 

Calcium  arsenate perpound__  $0.  10 

Lead  arsenate do .  17 

Magnesium  arsenate do .  205 

Zinc  arsenite do .  18 

Sodium  fluosilicate do .  12 

Sulphur,  dusting do .  06 

■    Hydrated  lime do .02 

Hand  duster,  one  third  acre  per  hour per  hour__  .  25 

Traction  duster,  4-row,  4  acres  per  hour do .60 

Power  duster,  5-row,  tractor-mounted,  6 

acres  per  hour do .72 

The  foregoing  prices  for  materials  are  based  on  the  f.o.b.  Estancia 
quotations  in  100-pound  lots.  It  is  very  difficult  in  experimental 
w^ork,  w^here  comparatively  small  plots  are  used,  to  secure  accurate 


Figure  23.— Comparative  yield  of  beans  from  treated  and  untreated  plants,  each  sack  containing  the  yield 
of  recleaned  beans  from  three  rows:  A  and  C,  from  treated  rows;  B,  from  untreated  rows. 

cost  data  on  operating  equipment.  The  growler  should  figure  the 
cost  of  operating  his  team  or  tractor  and  adjust  the  cost  of  applicar 
tion  accordingly. 

FACTORS  INFLUENCING  RETURNS 

There  are  many  factors  affecting  the  returns  from  control  opera- 
tions. Various  seasonal  factors  are  encountered  which  are  deter- 
mined by  natural  conditions  prevailing  over  the  area,  such  as  the 
number  of  beetles  in  the  initial  infestation,  time  and  appearance  in 
the  field,  larval  infestation,  number  and  time  of  control  applications 
possible,  size  and  rate  of  growth  of  the  bean  plantings,  and  defolia- 
tion and  reduction  in  yield.  In  addition  there  are  constant  factors, 
such  as  the  initial  cost  of  control  equipment  and  interest  on  the 
investment;  and  variable  factors,  such  as  depreciation  and  upkeep  of 
equipment,  size  and  character  of  area  to  be  treated,  insecticide  used, 
and  operating  expenses.  However,  the  productivity  of  the  land,  the 
market  price  of  beans,  and  the  ability  of  the  farmer  to  handle  con- 
trol equipment  and  to  make  applications  at  the  most  effective  time, 
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arc  the  determining  factors.  Undoubtedly  over  a  series  of  seasons 
the  foresight  and  abiUty  of  the  farmer  to  judge  the  conditions  are  of 
most  importance,  yet  it  is  often  true  that  for  any  one  season  natural 
conditions  are  the  dominating  influences. 

TOXIC  INJURY  TO  THE  BEAN  PLANT 

Bean  plants  are  susceptible  to  chemical  ''burning"  from  the  use  of 
arsenical  insecticides  only  where  excessive  dosages  are  applied  and 
under  certain  weather  conditions.  During  the  season  of  1929  slight 
foliage  injury  was  caused  by  the  second  appUcation  to  all  the  plots 
treated  with  arsenicals.  Lead  arsenate  caused  the  greatest  injury, 
followed  in  order  by  calcium  arsenate,  zinc  arsenite,  and  magnesium 
arsenate.  This  application  was  begun  on  August  5  and  completed 
the  next  day.  At  this  time  the  plants  were  15  to  18  inches  high  and 
very  bunchy  and  were  putting  out  runners.  The  treatment  was 
followed  by  6  days  of  rainy  and  cloudy,  foggy  weather,  with  an  aver- 
age relative  humidity  of  88  percent.  Rain  totaling  3.82  inches  fell 
during  the  period  from  August  7  to  12,  inclusive.  The  evaporation 
during  the  period  as  recorded  from  Livingston  spheres  averaged  128 
cc  for  the  black  and  69  cc  for  the  white  spheres,  giving  a  difference 
of  59  cc  per  day.  This  shows  that  chemical  burning  is  due  to  high 
humidity  combined  with  low  evaporation.  The  only  visible  burning 
or  toxic  injury  to  foliage  during  the  season  of  1930  was  caused  by 
the  second  application  of  lead  arsenate  diluted  with  hydrated  Ume 
1  to  5  by  weight.  The  material  was  applied  on  July  19,  and  8  days 
of  rainy  weather  followed.  The  average  relative  humidity  for  the 
period  was  73.2  percent  with  higher  humidities  occurring  the  first  6 
days.    Evaporation  for  the  period  was  very  low,  as  is  shown  in  table  8. 

Although  the  per-acre  applications  of  arsenicals  in  1929  were  ex- 
cessive, only  1  of  the  3  applications  caused  any  toxic  injury,  and  that 
was  from  the  effects  of  cloudy,  foggy  weather  following  the  applica- 
tion. The  same  type  of  weather  was  responsible  for  the  single  case 
of  toxic  injury  in  1930.  Weather  of  this  t^pe  is  unusual  for  the 
State.  Figures  showing  the  yields  per  acre  mdicate  that  there  was 
no  appreciable  decrease  in  production  due  to  the  application  of 
arsenicals. 

CONTROL  RECOMMENDATIONS 

The  recommendations  offered  are  based  on  8  years  of  experimental 
work.  The  2  years  presented  are  simply  an  example  of  the  type  of 
experiments  and  the  methods  of  figuring  the  cost  and  returns.  These 
and  similar  experiments  show  that  the  bean  beetle  can  be  successfully 
controlled  in  the  Southwest  by  the  use  of  calcium  arsenate  (fig.  24), 
applied  according  to  the  formulas  here  given,  without  any  commercial 
injury  or  burning  of  the  bean  foliage.  Spraying  has  given  better 
results  than  dusting  in  heavy  infestations  and  where  high  winds  are 
encountered,  but  it  is  not  practical  in  the  dry-farmed  areas. 

Calcium  arsenate  dust 
Calcium  arsenate,  undiluted 4  pounds  per-acre  application. 

Calcium  arsenate-lime  dust 
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Calcium  arsenate  spray 


For  large  areas 

For  small  areas 

Calcium  arsenate 

2  pounds 

5  level  tablespoonfuls. 
3  gallons. 

Water 

100  gallons 

Calcium  arsenate-lime  spray 


For  large  areas 

For  small  areas 

Hydrated  lime 

4  pounds 

10  level  tablespoonfuls 

Water     

100  gallons        

3  gallons. 
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Figure  24.— Bean  plants  at  left  protected  from  Mexican  bean  beetles  by  two  applications  of  calcium 
arsenate  dust;  untreated  rows  at  the  right,  between  the  white  stakes  at  the  far  ends  of  the  rows. 

The  calcium  arsenate-lime  dust  ^  or  spray  should  be  used  during 
periods  of  high  humidity  and  low  evaporation  to  avoid  toxic  injury, 
especially  in  the  irrigated  areas.  One  application  has  given  good 
returns  when  applied  as  the  first  larval  injury  was  apparent  and  eggs 
were  numerous,  but  usually  two  will  be  necessary.  The  first  should 
be  made  when  there  is  an  average  of  one  beetle  to  each  5  feet  of  row.^ 

9  Calcium  arsenate-lime  dust  may  be  mixed  by  placing  the  ingredients  in  a  steel  drum  together  with 
several  rocks  about  as  large  as  the  fist.  The  drum  is  then  tightly  closed  and  rolled  for  about  400  feet,  at 
the  same  time  being  tipped  on  end  at  intervals  of  about  50  feet. 

'  Search  for  beetles  on  the  larger  plants  should  be  begun  after  the  summer  rains  have  set  in.  They  are 
most  easily  found  early  in  the  morning,  when  some  of  the  beetles  may  be  noted  on  the  upper  surface  of 
the  leaves.  After  they  have  been  seen,  count  the  beetles  on  100  feet  of  row.  To  do  this  bend  the  plant 
over  and  look  on  the  underside  of  the  leaves  or  give  the  plant  a  quick  slap  with  the  hand  and  note  the 
number  that  fall  off  each  plant.    Several  counts  in  different  portions  of  the  field  should  be  made. 
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As  the  eggs  are  not  killed  by  the  treatment  and  new  unpoisoned 
foliage  is  developing,  the  second  application  should  be  made  after 
from  7  to  12  days,  the  shorter  interval  in  the  southern  portion  of  New 
Mexico  and  the  longer  period  in  the  cooler  elevated  areas.  Apply  the 
dust  when  little  or  no  wind  is  blowing.  If  rains  occur  within  2  days 
after  the  application  is  made,  repeat  as  soon  as  conditions  will  permit. 
The  beetles  start  dying  about  the  second  day,  and  the  peak  of  mor- 
tality is  reached  on  the  third  or  fourth  day  after  the  application,  but 
a  few  may  not  die  for  some  time. 

The  treatment  of  snap  beans  after  pods  have  set  is  not  recom- 
mended. Under  usual  conditions,  careful  applications  up  to  the  time 
of  full  bloom  will  give  sufficient  protection. 

BEETLE  VERSUS  LARVAL  CONTROL 

Infestation  by  the  overwintered  beetles  follows  immediately  after 
the  beginning  of  the  summer  rains,  and  therefore  the  time  to  start 
control  operations  is  clearly  indicated.  This  early  infestation  by  the 
old  beetles  lasts  but  a  short  time,  the  females  beginning  to  oviposit 
in  about  10  days  after  emergence.  During  this  period  a  very  large 
percentage  can  be  killed  before  any  great  injury  has  been  done  and 
before  most  of  the  females  have  laid  any  eggs.  The  plants  are  small 
at  this  time  and  can  be  more  thoroughly  covered  with  the  dust,  and 
less  dust  will  be  needed,  than  if  control  measures  are  delayed  till 
after  the  larvae  begin  to  feed. 

If,  on  the  other  hand,  control  is  delayed  for  from  15  to  30  days, 
when  the  larvae  are  present,  the  plants  are  larger  and  less  easily 
dusted  and  the  time  to  give  the  treatment  not  so  easily  determined. 
New  eggs  will  be  hatching  over  a  longer  period  than  that  covered  by 
the  emergence  of  the  old  beetles  from  hibernation.  The  advantage  of 
attacking  the  insect  over  a  smaller  area  of  foliage  and  when  its  num- 
bers are  at  the  lowest  point  in  the  season  is  well  shown  in  experiment 
Gl  in  1930.  Calcium  arsenate  was  applied  on  July  29,  when  there 
were  2,004  beetles  per  1,200  feet  of  row.  On  August  4  there  were 
only  216  to  the  same  length  of  row,  a  reduction  of  89.22  percent.  It 
is  apparent  that  the  number  of  potential  egg  masses  was  correspond- 
ingly reduced.  It  would  require  a  period  of  4  weeks  for  the  remaining 
females  to  deposit  as  many  eggs  as  the  original  number  of  females 
were  capable  of  producing  during  the  first  10  days.  Egg  laying  was 
greatly  reduced  and  retarded,  and  the  larval  injury  and  consequently 
the  defoliation  of  the  plants  were  obviously  delayed. 

Control  experiments  performed  in  the  laboratory  over  a  period  of 
several  years  show  that  the  overwintered  beetles  are  just  as  easily 
killed  as  are  the  larvae,  while  recently  matured  beetles  are  very 
resistant  to  arsenicals. 

DUSTING  VERSUS  SPRAYING 

Both  spraying  and  dusting  have  been  used  successfully  to  control 
the  bean  beetle,  although  dusting  has  not  given  so  good  results  on  the 
average  as  spraying.  Spraying  is  recommended  in  the  irrigated  areas 
where  abundant  water  supply  is  available.  Dusting  is  more  practi- 
cable in  the  dry-farmed  areas,  as  it  requires  about  100  gallons  of  water 
to  spray  an  acre  of  beans.  Spraying  has  the  following  advantages: 
(1)  It  can  be  applied  during  windier  weather;  (2)  the  material  is  more 
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adhesive;  and  (3)  less  material  is  required  per  acre.  Dusting  has  the 
following  advantages  when  the  weather  permits  its  use:  (1)  Quick 
protection  for  large  acreages;  (2)  facility  of  making  applications  at  the 
proper  intervals;  (3)  muddy  fields  do  not  delay  the  work  as  long  as  is 
the  case  with  spraying.  Other  advantages  with  dusting  are:  Lighter 
outfits,  lower  initial  cost,  and  lower  upkeep  and  operating  expenses. 
Dusters  pulled  by  or  mounted  on  tractors  and  utilizing  power  for 
operation  from  the  power  take-off  will  permit  both  cultivation  and 
dusting  at  one  operation. 

DUSTING  AND  SPRAYING  EQUIPMENT 

At  the  present  time  there  are  upon  the  market  the  following  types 
of  dusters  and  sprayers:  Hand,  push,  traction,  power,  and  tractor- 
power  take-off  (fig.  25).     Hand  and  push  dusters  and  sprayers  are 
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Figure  25.- 


-Foiir-row  tractor  duster  with  power  take-oS  permitting  cultivating 
operation. 


and  dusting  at  one 


used  on  fields  up  to  about  3  acres  in  size.  Two-row  traction  dusters 
are  used  for  larger  fields,  and  traction  and  power  dusters  and  sprayers 
covering  4  to  6  rows  are  adapted  to  the  largest  acreages.  A  few  manu- 
facturers are  offering  multiple  traction  and  power  dusters,  that  is, 
2  units  mounted  on  1  cart.  Some  makes  of  dusters  will  not  deliver 
an  even  distribution  of  dust  to  each  nozzle,  especially  where  the  per 
acre  application  is  as  low  as  4  pounds.  Purchasers  should  demand  a 
guarantee  that  the  duster  will  give  an  even  distribution  at  this  rate  of 
application. 

The  dust  or  spray  can  be  effectively  applied  in  only  one  way,  and 
that  is  by  coating  the  undersurfaces  of  the  leaves  with  the  poison, 
because  that  is  where  the  insect  does  its  destructive  feeding. 
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Some  dusters  are  equipped  with  special  bean-beetle  attachments 
and  nozzles  to  apply  the  dust  to  the  underside  of  the  leaves  as  shown 
in  Figure  25.  These  nozzles  are  constructed  so  as  to  force  the  dust 
upward  to  the  undersides  of  the  leaves.    To  accomplish  this  the  nozzles 


Figure  26.— Power  duster  mounted  on  tractor  for  rapid  dusting.  Note  arrangement  of  nozrfes,  two  per 
row.  Nozzles  made  from  tin  grocery  scoops  and  clamped  to  distributor  pipe  with  automobile  hose 
connections. 

are  set  close  to  the  ground  and  held  in  place  by  a  nozzle  arm  that  is 
swung  from  hinge  brackets  on  a  distributor  bar  to  prevent  their 
brealdng  off.  Figure  26  shows  efficient  nozzles  made  from  tin  grocery 
scoops  and  clamped  on  to  the  outlet  pipe  with  automobile  hose  clamps. 


Figure  27.— Arrangement  of  nozzles  for  spraying  the  undersides  of  the  leaves:  A,  for  hand  sprayers;  B 
and  C,  for  use  on  power  or  traction  sprayers,  with  hose  connections  to  prevent  breaking  of  the  pipes 
(N.  F.  Howard). 

Wliere  water  is  available  and  spraying  is  practicable,  the  nozzles 
should  be  properly  set  to  sprav  the  underside  of  the  leaves.  They 
should  be  attached  to  the  discharge  hose  by  a  90°  elbow  and  a  45° 
elbow,  as  shown  in  figure  27,  or  a  45°  nozzle  in  the  latter  place. 
These  nozzles  should  be  set  so  that  QAe  of  them  sprays  slightly  for- 
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ward  and  the  other  slightly  backward,  to  insure  better  coverage  of 
the  leaves.  When  a  traction  or  power  sprayer  is  used,  it  is  advisable 
to  have  a  third  nozzle  placed  above  the  row  (fig.  28). 

The  liquid  in  the  spray  tank  must  be  agitated  continuously  so  as 
to  keep  the  arsenate  from  settling.  A  pressure  of  150  pounds  or 
more  is  necessary  to  blow  the  leaves  about  and  insure  thorough 
coverage.  Pressure  higher  than  200  pounds  is  unnecessary.  Some 
growers  have  used  only  one  nozzle  to  the  row,  spraying  the  other 
side  on  the  return  trip,  and  claim  that  a  better  coverage  was  secured. 

New  disks  should  be  placed  in  the  nozzle  after  a  total  of  10  to  15 
hours  of  spraying.  The  holes  in  the  disks  become  enlarged  with  use, 
and  unless  disks  are  replaced  an  unnecessary  quantity  of  spray  mate- 
rial is  used. 

The  boom  should  be  adjustable  in  order  to  raise  or  lower  the  nozzles 
for  different-sized  plants,  and  rubber  hose  should  be  used  instead  of 


Figure  28. — Power  sprayer,  showing  proper  arrangement  of  the  boom  and  nozzles  for  spraying  the  under- 
surfaces  and  tops  of  the  leaves  (N.  F.  Howard). 

rigid  vertical  outlet  pipes,  so  as  to  make  them  flexible  and  thus  prevent 
breaking  of  the  pipes  when  passing  over  rough  ground. 

COMMUNITY  CONTROL 

In  the  large  bean-growing  districts  like  the  Estancia  Valley,  where 
the  beetles  overwinter  only  on  one  side  of  the  valley  and  a  1-way 
infestation  occurs,  the  beetles  can  be  controlled  more  economically 
by  cooperation  than  by  individual  effort.  By  reducing  the  number 
of  overwintered  beetles  in  the  foothill  fields  the  number  reaching  the 
valley  plantings  will  not  be  of  economic  importance  except  in  occa- 
sional years.  In  this  manner  at  least  10  acres  of  valley  beans  are 
protected  for  each  acre  of  foothill  beans  which  is  treated.  By  reducing 
the  battle  front,  more  applications  can  be  made  to  the  smaller  area 
with  the  same  funds  that  would  be  required  to  treat  the  larger  area  but 
once.     The  plan  is  feasible  and  economical  and  can  be  worked  out  by  a 
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cooperative  agreement  wherein  each  grower  contributes  his  pro  rata 
sliare  and  where  tlie  control  operation  is  invested  in  a  central  unit  or 
head. 

EARLY  AND  LATE  PLANTING  TO  ESCAPE  INJURY 

The  fact  that  the  beetles  remain  in  hibernation  until  the  coming  of 
the  summer  rains  has  an  economic  application,  particularly  in  the 
irrigated  areas  of  the  State  where  the  time  of  planting  is  not  governed 
by  natural  soil  moisture.  In  the  southern  part  of  the  State,  espe- 
cially in  the  Pecos,  Rio  Grande  (6),  and  Nimbres  Valleys,  beans  can 
generally  be  planted  sufficiently  early  in  the  spring  to  avoid  economic 
loss.  In  the  same  areas  moderately  late  plantings  escape  injury, 
and  the  plants  mature  before  lolling  frost.  Very  late  plantings  are 
often  injured  by  frost.  Climatic  conditions  influence  the  growing 
season,  and  wherever  possible  the  grower  should  time  his  plantings 
to  avoid  injury  by  both  frost  and  beetles.  Commercial  growers  of 
beans  in  the  various  communities  should  adopt  a  non-bean-growing 
period  during  midsummer  to  prolong  the  fasting  period  and  thus 


Figure  29. — Collecliiii;  pan  made  from  a  5-gallou  oil  or  gasoline  can,  and  a  thin  board  lo  be  used  for  jarring 
the  beetles  oti  the  plants  into  the  pan. 

starve  the  beetles.  If  beans  are  grown  during  this  period  for  the 
string-bean  market  or  for  home  use,  the  vines  should  be  plowed 
under  at  least  6  inches  immediately  after  the  last  picking.  This  will 
destroy  a  large  number  of  all  stages  of  the  insect. 

COLLECTION  AND  DESTRUCTION  OF  BEETLES 

In  consolidated  bean  areas  like  the  Estancia  Valley,  cooperative 
community  collection  of  beetles  along  the  foothills  in  the  fall  will 
contribute  to  the  control  of  this  insect.  In  the  fall  newly  emerged 
beetles  will  congregate  on  green  plantings  by  the  hundreds,  and  they 
are  easily  collected  by  being  jarred  from  the  plants  with  a  tliin 
board,  into  the  type  of  pan  shown  in  figure  29.  The  pan  is  made 
from  a  5-gallon  oil  or  gasoline  can  cut  as  shown.  After  several 
hundred  beetles  have  been  collected  they  can  be  emptied  into  cloth 
sacks  hung  from  the  belts  of  the  collectors.  Later,  when  a  large 
number  have  been  collected,  they  can  be  killed  by  being  dipped  in 
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used  motor  oil,  or  burned  or  crushed.  If  several  rows  of  beans  are 
left  unharvested  in  a  field  thousands  of  beetles  can  be  collected  from 
them  in  a  comparatively  short  time.  The  writer  has  collected  unas- 
sisted over  30,000  beetles  in  3  hours.  Figure  30  shows  a  pile  of  at 
least  300,000  beetles  collected  in  the  above  manner,  or  enough  beetles, 
if  all  survived  the  winter,  to  infest  a  row  of  beans  over  56  miles  long 
with  1  beetle  per  linear  foot  of  row. 

BEETLES  NOT  CONTROLLED  BY  BURNING  FORESTS 

During  periods  of  bean-beetle  devastation  a  few  growers  urge  the 
burning  of  the  forest  under  the  assumption  that  burning  the  forest- 
floor  litter  before  the  beetles  have  emerged  will  eliminate  the  pest. 
Their  plan  is  to  do  the  burning,  under  proper  supervision,  in  the  early 
spring  before  the  sap  rises  in  the  trees  in  order  that  the  young  growth 
may  not  be  killed.  Such  a  procedure  would  be  of  practically  no 
value.  During  the  heat  of  the  day  on  May  8,  1930,  a  forest  fire  in 
the  Manzano  Forest  burnt  over  an  eastern-slope  area  in  which  was 
located  hibernation  cage  7.     This  fire  occurred  during  one  of  the 


Figure  30.— A  pile  of  Mexican  bean  beetles  estimated  to  contain  at  least  300,000  beetles. 

driest  periods  of  the  season,  as  no  moisture  had  fallen  up  to  this  time 
in  May,  and  only  0.21  inch  was  recorded  for  this  area  in  April.  Ex- 
amination on  May  9  showed  that  all  the  material  did  not  burn  to  the 
ground  because  the  lower  portion  of  the  material  and  duff  was  damp. 
The  beetles  in  the  top  layer  of  the  hibernation  material  had-  been  de- 
stroyed, but  down  deep  in  the  material  live  beetles  were  common. 
The  heat  of  the  fire  killed  all  young  growth  within  the  area  burnt 
over,  yet  14.89  percent  of  the  beetles  introduced  in  the  fall  in  cage  7 
survived  the  winter  and  the  fire  and  emerged  later  in  the  season. 
In  cage  6,  on  the  same  exposure  and  within  150  yards,  25.08  percent 
of  the  beetles  survived  the  winter.  Evidently  the  beetles  cannot 
all  be  killed  by  burning.  During  the  last  six  winters  an  average  of 
12.86  percent  of  the  beetles  introduced  into  cage  7  survived.  If 
burning  had  been  an  effective  control  measure,  the  survival  after  the 
fire  should  have  been  much  lower  than  the  average,  rather  than  higher. 
The  economic  loss  and  detrimental  effect  of  burning  our  forests  are 
so  well  known  that  any  further  comment  is  unnecessary. 


THE  MEXICAN  BEAN  BEETLE  IN  NEW  MEJCICO  43 

THE  UTILIZATION  OF  TREATED  BEAN  HULLS  AS  FOOD  FOR 

LIVESTOCK 

Because  of  the  growing  use  of  calcium  arsenate  for  the  control  of 
the  Mexican  bean  beetle  in  the  Southwest,  the  writer  is  often  asked 
about  the  danger  of  poisoning  livestock  with  treated  bean  hulls.  In 
an  endeavor  to  answer  this  question  the  available  literature  has  been 
reviewed,  and  the  most  important  information  is  given  herewith. 

In  his  evidence  in  the  Riverside  dairy  case  before  the  United  States 
District  Court  of  Utah,  Gardiner,  of  Montana,  stated  that  20  to  30 
grains  of  arsenic  (AS2O3)  could  be  fed  to  horses  and  cattle  month  in 
and  month  out  without  external  evidence  of  injury  or  without  any 
alteration  discernible  on  post-mortem  examination,  the  fatal  dose 
being  300  grains  (4,  p.  4). 

Reeves,  in  his  bulletin  on  the  alfalfa  weevil  (7,  jp.  21),  reports: 

The  arsenic  content  of  sprayed  [alfalfa]  hay  ranges  from  less  than  1  grain  in 
terms  of  white  arsenic  to  nearly  29  grains  for  30  pounds  of  hay,  and  is  usually 
between  5  and  10  grains.  The  exceptionally  large  quantity  of  29  grains  in  1 
day's  ration  is  within  the  limit  of  tolerance  of  horses  and  cattle.  It  is,  therefore, 
entirely  safe  to  feed  sprayed  hay  to  livestock,  and  there  need  be  no  case  of  arsen- 
ical poisoning  unless  white  arsenic,  sodium  arsenite,  or  some  equally  virulent 
poison  is  substituted,  through  carelessness  or  ignorance,  for  calcium  arsenate. 

Frederick  (4,  p.  8),  reporting  on  some  experiments  in  Utah,  says: 

Alfalfa  hay  dusted  witli  3  pounds  of  calcium  arsenate  to  the  acre  and  fed  for 
40  days  to  horses,  cattle,  and  sheep  wuth  no  other  feed  except  water  and  salt, 
showed  no  actual  injurious  effects  on  any  of  the  livestock  under  experimentation. 

Alfalfa  hay  dusted  with  6  pounds  of  calcium  arsenate  to  the  acre  fed  to  the 
same  livestock  for  a  40-day  period  showed  no  detrimental  effect;  however,  some 
of  the  cattle  did  not  gain  in  weight.  The  horses  gained  during  the  entire  feeding 
period,  each  of  them  increasing  over  100  pounds  in  weight  and  presenting  a 
sleek,  glossy  appearance.  The  [10]  sheep  gained  during  the  entire  experimental 
period  and  weighed  130  pounds  more  at  the  close  of  the  test  than  before;  their 
fleece  appeared  as  good,  if  not  better,  than  did  tne  fleece  of  sheep  fed  on  untreated 
hay. 

The  alfalfa  in  question  was  dusted  on  June  19. 

Ten  days  later  the  treated  alfalfa  hay  was  cut  and  harvested  as  alfalfa  is  usually 
harvested.  No  rain  or  other  unfavorable  weather  conditions  between  the  time 
of  dusting  and  stacking  was  encountered  (4,  P-  5). 

The  foregoing  citations  show  that  it  is  entirely  safe  to  feed  treated 
alfalfa  hay  to  livestock.  In  order  to  obtain  a  comparison  of  arsenic 
content  on  treated  bean  hulls  with  alfalfa  hay,  samples  of  hulls  were 
obtained  as  the  treated  plots  were  threshed  and  sent  to  the  United 
States  Bureau  of  Chemistry  and  Soils  for  analysis.  Table  13  gives 
the  results  of  the  analysis  of  hulls  that  had  received  two  applications 
of  arsenicals  at  the  proper  time  in  1930. 

In  1931  the  applications  for  the  control  of  the  Mexican  bean  beetle 
were  delayed  until  later  in  the  season  to  secure  data  on  the  analysis 
of  late- treated  bean  hulls  as  shown  in  table  14.  These  delayed 
applications  are  not  recommended,  as  they  will  not  give  the  desired 
results. 
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Table  13. — Data  on  the  analysis  of  treated  bean  hulls  grown  in  1930 


Insecticide  used 


Calcium  arsenate,  undiluted... 

Lead  arsenate,  undiluted 

Magnesium  arsenate,  undiluted 
Zinc  arsenite,  undiluted 


Date  of 
applica- 
tion 


/Aug.  1 
lAug.  14 
/Aug.  1 
lAug.  14 
/Aug.  1 
lAug.  14 
/Aug.  1 
\Aug.  14 


Quantity 
applied 
per  acre 


Pounds 


4.0 

3.8 


Date 
harvested 


^     0) 
^Sept.  16 

k-do 

L.do 


AS2O3  per 

pound  of 

hulls 


Grain 
0.025 

.035 

.042 

.035 


Harvested  on  Sept.  16  or  later. 

Table  14. — Data  on  the  analysis  of  late-treated  bean  hulls  in  1931 


Insecticide  used 

Date  of 
applica- 
tion 

Quantity 
applied 
per  acre 

Date 
harvested 

AS2O3  per 

pound  of 

hulls 

Remarks 

Calcium  arsenate,  undiluted 

Do 

/Aug    14 
lAug.   20 
/Aug.   15 
lAug.   20 
/Aug.   15 
lAug.   20 

Pounds 
4.98 
5.36 
3.30 
4.72 
3.30 
4.72, 

Jsept.  15 
}-do....- 
}-do..-.- 

Grain 
0.68 

.36 

.14 

Sample  was  mostly  leaves. 
Do. 

Do 

Sample  was  mostly  pods. 

The  first  two  samples  in  table  14  were  composed  mostly  of  leaves, 
with  very  few  pods  and  leaf  stems  or  petioles,  whereas  the  third 
sample  was  composed  mostly  of  pods,  with  a  few  leaves  and  stems. 
In  submitting  samples  for  analysis,  only  that  portion  of  the  plants 
ordinarily  consumed  by  horses  and  cattle  was  included. 

Table  13  shows  that  where  the  plants  were  treated  according  to 
recommendations,  the  arsenic  content  of  a  day's  ration  (30  pounds) 
of  treated  bean  hulls  ranges  from  0.75  grain,  in  terms  of  w^iite  arsenic, 
to  1.26  grains.  Table  14  shows  that  in  the  delayed  treatments, 
which  are  not  recommended,  a  range  of  from  4.2  to  20.4  grains  for 
30  pounds  of  bean  hulls  resulted. 

On  the  basis  of  Gardiner's  evidence,  it  is  apparent  from  the  results 
of  the  analyses  given  in  tables  13  and  14  that  treated  bean  hulls  may 
be  fed  to  horses  and  cattle  with  safety,  when  the  plants  are  treated 
according  to  recommendations;  whereas  table  14  mdicates  that  it  is 
not  advisable  to  delay  applications  until  late  in  the  season  when  the 
plants  are  maturing.  The  quantity  of  white  arsenic  (arsenious  acid, 
AS2O3)  per  pound  of  hulls  will  depend  on  the  quantity  of  material 
applied,  the  age  and  size  of  the  plants,  the  atmospheric  movement  at 
the  time  of  dusting,  the  quantity  and  character  of  precipitation,  and 
the  interval  between  application  and  harvest;  as  well  as  the  length  of 
time  harvested  vines  are  left  in  the  field  before  being  threshed,  the 
methods  followed,  and  the  weather  conditions  encountered  during 
threshing. 
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SUMMARY 

The  bean  beetle  passes  the  winter  in  only  the  adult  or  beetle  stage. 
In  the  Estancia  Valley,  N.Mex.,  overwintering  is  confined  primarily 
to  the  yellow  pine  forest  zone  with  conditions  becoming  more  favor- 
able where  oak  trees  are  found  in  the  association. 

Contact  moisture  is  the  stimulus  influencing  emergence  from  hiber- 
nation. The  time  and  intensity  of  the  initial  infestation  of  over- 
wintered beetles  depend  on  the  summer  rains  and  the  prevailing  tem- 
perature during  the  period  of  precipitation  or  subsequent  thereto. 

The  period  between  emergence  from  hibernation  and  oviposition 
averages  about  10  days  in  the  cool  elevated  areas  of  the  State. 

The  average  number  of  eggs  deposited  per  female  is  about  900: 

The  developmental  period  from  egg  to  adult  depends  on  the  seasonal 
temperature ;  in  the  Estancia  Valley  40  days  or  longer  is  necessary. 

The  bean  beetle  has  no  known  natural  enemies  of  economic  impor- 
tance in  the  Southwest. 

Drought  periods  are  detrimental  to  eggs  and  larvae,  especially  when 
they  are  accompanied  by  dry  hot  winds. 

Investigations  show  that  the  bean  beetle  can  be  controlled  with 
profit  in  dry -farmed  areas  where  conditions  warrant  the  use  of  control 
measures. 

Evidence  is  given  that  insecticidal  "burning"  following  the  use  of 
arsenicals  is  due  to  high  humidity  combined  with  low  evaporation 
following  the  treatment. 

Spraying  or  dusting  with  calcium  arsenate  are  the  most  economical 
control  measures. 

Growers  in  the  irrigated  areas  in  the  southern  part  of  New  Mexico 
can  avoid  injury  to  beans  from  the  beetle  by  early  and  late  planting. 

In  the  consolidated  bean  areas  cooperative  community  collection 
and  destruction  of  beetles  along  the  foothills  in  the  fall  will  contribute 
to  the  control  of  this  insect. 

Evidence  shows  that  burning  forests  in  the  spring  is  not  effective 
in  controlling  the  beetles. 

Bean  hulls  from  fields  which  have  been  properly  treated  may  be 
utilized  as  food  for  cattle. 

LITERATURE  CITED 

(1)  Bland,  J.  H.  B. 

1864.    DESCRIPTIONS    OF    NEW    NORTH    AMERICAN    COLEOPTERA.       Ellt.    SoC. 

Phila.  Proc.  3:  253-256. 

(2)  Chittenden,  F.  H.,  and  Marsh,  H.  O. 

1920.  THE  BEAN  LADYBIRD.     U.S.  Dept.  AgF.  Bul.  843:    1-20,  illus. 

(3)  Douglass,  J.  R. 

1928.    PRECIPITATION    AS    A    FACTOR    IN    THE     EMERGENCE    OF    EPILACHNA 

coRRUPTA  FROM  HIBERNATION.     JouF.  Econ.  Ent.  21:  203-213, 
illus. 

(4)  Frederick,  H.  J. 

1930.    FEEDING  VALUE  OF  ALFALFA  HAY  TREATED  WITH  CALCIUM  ARSENATE. 

Utah  Agr.  Expt.  Sta.  Bul.  223,  8  p.,  illus. 

(5)  List,  G.  M. 

1921.  THE  MEXICAN  BEAN-BEETLE.        Colo.  AgF.  Expt.  Sta.  Bul.  271,  58  p., 

illus. 

(6)  Merrill,  D.  E. 

1917.    THE    BEAN    BEETLE     (ePILACHNA    CORRUPTA     MULS.).        N.McX.    AgT. 

Expt.  Sta.  Bul.  106,  30  p.,  illus. 

(7)  Reeves,  G.  I. 

1927.    THE  CONTROL  OF  THE  ALFALFA  WEEVIL.       U.S.    Dept.    AgF.    FaFmCFs' 

Bul.  1528,  22  p.,  Ulus. 


